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The Independent Competition and Regulatory Commission is a Territory Authority 
established under the Independent Competition and Regulatory Commission 

Act 1997 (the ICRC Act). The Commission is constituted under the ICRC Act by 
one or more standing commissioners and any associated commissioners 

appointed for particular purposes. Commissioners are statutory appointments. 
Joe Dimasi is the current Senior Commissioner who constitutes the Commission 
and takes direct responsibility for delivery of the outcomes of the Commission. 

The Commission has responsibilities for a broad range of regulatory and utility 
administrative matters. The Commission has responsibility under the ICRC Act 

for regulating and advising government about pricing and other matters for 
monopoly, near-monopoly and ministerially declared regulated industries, and 

providing advice on competitive neutrality complaints and government-regulated 
activities. The Commission also has responsibility for arbitrating infrastructure 
access disputes under the ICRC Act. In discharging its objectives and functions, 

the Commission provides independent robust analysis and advice. 

The Commission’s objectives are set out in section 7 and 19L of the ICRC Act and 
section 3 of the Utilities Act 2000. 

Correspondence or other inquiries may be directed to the Commission at the following 
addresses: 

Independent Competition and Regulatory Commission 
PO Box 161 

Civic Square ACT 2608 

The Commission may be contacted at the above addresses, by telephone on 
(02) 6205 0799, or by fax on (02) 6207 5887. The Commission’s website is at 

www.icrc.act.gov.au and its email address is icrc@act.gov.au. 

 

http://www.icrc.act.gov.au/
mailto:icrc@act.gov.au
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How to make a submission 
This technical paper provides an opportunity for stakeholders to submit 
information and views as part of the Commission’s model and methodology 
review. It will also ensure that relevant information and views are made public and 
brought to the Commission’s attention. 

Submissions on the technical paper close on 26 February 2019. 

Submissions may be mailed to the Commission at: 

Independent Competition and Regulatory Commission 
PO Box 161 
Civic Square ACT 2608 

Alternatively, submissions may be emailed to the Commission at icrc@act.gov.au. 
The Commission encourages stakeholders to make submissions in either Microsoft 
Word format or PDF (OCR readable text format – that is, they should be direct 
conversions from the word-processing program, rather than scanned copies in 
which the text cannot be searched).  

For submissions received from individuals, all personal details (for example, home 
and email addresses, and telephone and fax numbers) will be removed for privacy 
reasons before the submissions are published on the website.  

The Commission is guided by the principles of openness, transparency, 
consistency and accountability. Public consultation is a crucial element of the 
Commission’s processes. The Commission’s preference is that all submissions it 
receives be treated as public and be published on the Commission’s website unless 
the author of the submission indicates clearly that all or part of the submission is 
confidential and not to be made available publicly. Where confidential material is 
claimed, the Commission prefers that this be under a separate cover and clearly 
marked ‘In Confidence’. The Commission will assess the author’s claim and 
discuss appropriate steps to ensure that confidential material is protected while 
maintaining the principles of openness, transparency, consistency and 
accountability. 

The Commission may be contacted at the above address, by telephone on 
(02) 6205 0799 or via the Commission’s website at www.icrc.act.gov.au. 
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1 Background
The Independent Competition and Regulatory Commission (the Commission) regulates 
standing offer prices for the supply of electricity to small customers in the Australian 
Capital Territory (ACT) on ActewAGL Retail (AAR)’s regulated tariffs. The 
Commission’s pricing model determines the maximum average percentage change that 
AAR can apply to its tariffs on an annual basis by estimating wholesale costs, network 
costs and retail costs.  

Following the reset principles set out in the current price direction (2017–20),1 the 
Commission is undertaking a review of the model and methodology (Review) it 
intends to use in regulating standing offer prices for the next regulatory period. The 
purpose of the review is to ensure that the model is accurate, reflects current market 
conditions and retailer practices, and is consistent with the Commission’s obligations 
under the Independent Competition and Regulatory Commission Act 1997 (ICRC Act). 
Any changes to the model will be implemented in the regulatory period after 
30 June 2020. 

The Commission released an issues paper in October 2018 as the first step in the 
consultation process for the Review. In the issues paper, the Commission noted that 
this Review presents an opportunity to determine if there is scope for improvement in 
the current methodology for setting certain aspects of energy purchase costs.  

In November 2018, the Commission engaged Frontier Economics to advise on the 
wholesale energy purchase cost component. The Commission received Frontier 
Economics’ final report on 9 January 2019. 2 The Commission considers the potential 
improvements to the implementation of the Commission’s hedging methodology and 
model inputs recommended by Frontier Economics warrant consideration and is 
seeking stakeholder views and inputs.   

2 Purpose of the technical paper 
This technical paper seeks stakeholder submissions on Frontier Economics’ review of 
the Commission’s energy purchase cost model and its recommendations. This paper 
outlines key issues on which the Commission would welcome stakeholder views.  

The closing date for submissions is 26 February 2019. Submissions received by the 
closing date will be considered in developing the Commission’s draft decision on the 

                                              
1 ICRC, 2017, ‘Price direction: Standing offer prices for the supply of electricity to small customers from 

1 July 2017’, Canberra: Independent Competition and Regulatory Commission, p 13.  
2 A subsequent version with minor editorial changes was received on 31 January 2019.  
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model and methodology to be used in setting regulated standing offer prices for the 
next regulatory period.  

Table 2.1 shows the updated timeline proposed for the review. 

Table 2.1 Indicative timeline for the Review  

Task Date 

Issues paper released 15 October 2018 

Submissions on issues paper receiv ed 16 Nov ember 2018 

Technical paper: Energy purchase costs 1 February 2019 

Technical w orkshop  13 February  2019 
Submissions on technical paper due  26 February  2019 

Draft report  Late March 2019 
Public hearing April 2019 

Submissions on draft report due Early  May  2019 

Release of final report  May  2019 
 

3 Frontier Economics’ report on the 
Commission’s energy purchase 
cost model 

The Commission’s current energy purchase cost model determines a benchmark cost of 
purchasing electricity that would be incurred by a hypothetical efficient retailer in the 
same position as AAR. This benchmark approach, which has been applied since 2012, 
is based on observed market outcomes and the modelling of a conservative hedging 
strategy.  

The current model has two key elements:  

• The forward price represents the cost of pre-purchasing electricity to be 
delivered at a later date. The forward price is calculated using the Australian 
Stock Exchange (ASX) futures market data for base swap contracts averaged 
over a 23-month period. 

• The uplift factor is calculated using load shape, load ratio and the forward 
price margin, and is applied to the forward price to reflect the retailer’s 
hedging cost. It accounts for the variability in the wholesale electricity cost 
resulting from both standard and extreme variability in the load and aims to 
eliminate upside spot market risk.  
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Details of the model and methodology used by the Commission can be found in the 
issues paper and the technical appendix released in October 2018. 3 

In reviewing the Commission’s current model, Frontier Economics undertook a 
comparative assessment of energy market hedging methodologies. It did so by 
assessing the energy purchase cost methodologies employed by comparable 
jurisdictions and alternative energy market hedging strategies. This comparative 
assessment included an analysis on purchase cost implications, ease of implementation, 
established regulatory practice and effectiveness in managing risk.  

Frontier Economics’ review found that the Commission’s current energy purchase cost 
model is methodologically sound, but there is scope to improve the implementation 
approach. In particular, Frontier Economics has recommended broadening the hedging 
contract position incorporated in the Commission’s model to reflect current retailer 
practices. Further, Frontier Economics has suggested the Commission adopt a shorter 
averaging period for determining an appropriate load profile for the ACT. The current 
model based on key inputs averaged back to 2003–04 is less likely to adequately 
account for important changes in the market. Frontier Economics has recommended 
these improvements to the Commission’s current model to ensure that the model 
reflects current market conditions and retailer practices.4   

4 Key issues  
The Commission seeks feedback from stakeholders on Frontier Economics’ review of 
the Commission’s energy purchase cost model, including the issues listed below. 
Stakeholders are welcome to provide feedback on any other issues relevant to Frontier 
Economics’ report.  

Hedging strategy  

The Commission’s current energy purchase cost model is based on a swap-only 
hedging strategy and accounts for standard and extreme variability in the load through 
an uplift factor. Frontier Economics has recommended revising this hedging strategy to 
include a mix of base swaps, peak and cap contracts. In Frontier Economics’ view, a 
hedging strategy that is based only on swap contracts will tend to be riskier and more 

                                              
3 ICRC, 2018, ‘Issues paper: Electricity model and methodology review’, Canberra: Independent 
Competition and Regulatory Commission, pp 9-13; ICRC, 2018, ‘Technical appendix - Issues paper: 
Electricity model and methodology review’, Canberra: Independent Competition and Regulatory 
Commission.  

4 See for more details Frontier Economics, 2019, 'Energy purchase cost review: A report for the ICRC, 
Sydney: Frontier Economics: Executive Summary. From now onwards, Frontier Economics’ report will be 
cited in this paper as Frontier Economics (2019).   
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expensive than potential alternative approaches.5 Including a mix of derivatives in the 
contract position would enable retailers to better manage the volatility in electricity 
demand reducing their risk exposure and associated costs.  

Based on its analysis, Frontier Economics suggests that base swaps and cap contracts 
sufficiently cover the ACT’s current load profile. Frontier Economics’ report notes that 
peak swaps are less important in the ACT under current market conditions but 
recommends including them in the model to account for the possibility of including 
peak swaps in the future to ensure the hedging strategy remains appropriate for 
different markets conditions and potential future load changes. 6  

 

 

Contract position 

To implement Frontier Economics’ recommended approach, the Commission would 
need to determine an appropriate contract position (volume of quarterly base swaps, 
peak swaps and cap contracts) to be included in its model. There are two possible ways 
to determine an efficient combination of hedging products to meet a particular load 
profile. The first method uses a modelling approach to determine an appropriate 
contract position. The second approach is to use a set of benchmarks. The 
benchmarking approach is simple, transparent, and does not require forecasts of future 
prices. 

The retailer’s contract position in Frontier Economics’ analysis is a modelling outcome 
of its proprietary STRIKE model. Frontier Economics suggests the Commission adopt 
a benchmarking approach based on the benchmarks used by ACIL Allen for the 
Queensland Competition Authority (QCA)’s energy purchase cost determination. 
ACIL Allen’s model determines retailers’ hedging position based on a heuristic 
approach. In this approach, the contract position is not determined as an endogenous 

                                              
5 Frontier Economics, 2019, p 29. 
6 Frontier Economics, 2019, p 29. 

Issues for consultation: 

1. Would moving from the Commission’s current swap-only hedging strategy 
to a mix of base swaps, peak swaps and cap contracts better reflect the 
hedging approach of an efficient retailer in a similar position as AAR? Please 
explain the reasons for your view. 



 
 

Technical Paper: Energy Purchase Costs  5 
 

modelling outcome. Details of ACIL Allen’s approach can be found in its 2018 report 
for the QCA and Section 8.4 of Frontier Economics’ final report. 7  

 

Forward price averaging period 

The Commission’s current model applies a 23-month averaging period in calculating 
forward prices as it considers there is evidence that this reflects the energy purchasing 
practices of a prudent retailer in a similar position to AAR.  

The 23-month averaging period also smooths out both upwards and downwards 
fluctuations in forward prices and consequently in wholesale energy purchase costs and 
retail prices. This means that regulated retail prices increase more slowly than 
wholesale prices when wholesale prices increase rapidly. It also means that retail prices 
will take longer to stabilise (or fall) when wholesale prices fall. Some customers value 
stable prices because they help them to manage their budgets. Retailers offer fixed 
price contracts for customers who value stability.    

Frontier Economics has acknowledged in its report that a 23-month averaging period 
will provide more stable regulated prices. 8 It has further noted that the preferred 
averaging period can be chosen to reflect the Commission’s regulatory objectives.9 
Stable prices are consistent with the Commission’s obligations under the ICRC Act, 
which requires it to consider social impacts in making its decisions. 

As mentioned in the Australian Competition and Consumer Commission (ACCC)’s 
2018 report of its retail electricity pricing investigation, most retailers hedge for two 
years while some retailers hedge on a short-term basis (for example from month to 
month or quarter to quarter) or operate with no hedging in place. 10 

                                              
7 Frontier Economics, 2019, p.31 and ACIL Allen, 2018, ‘Estimated energy costs: 2018-19 retail tariffs for 
use by the Queensland Competition Authority in its final determination on retail electricity tariffs’, 
Melbourne: ACIL Allen. 
8 Frontier Economics, 2019, p 30. 
9 Frontier Economics, 2019, p 32. 
10 ACCC, 2018, ‘Restoring electricity affordability and Australia’s competitive advantage: Retail 
electricity pricing inquiry’, pp 108-09. 

Issues for consultation 

2. What contract position should the Commission incorporate in its hedging 
strategy? Do ACIL Allen’s benchmarks represent an appropriate contract 
position for an efficient retailer in a similar position to AAR? What 
alternatives should the Commission consider in this Review? 
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Alternative approach to calculating an appropriate load profile  

The Commission’s model currently estimates the energy purchase costs based on an 
average historical relationship between spot prices and load since 2003–04. In Frontier 
Economics’ view, basing load data on historical outcomes back to 2003–04 is less 
likely to account for important changes in the market. 11   

Frontier Economics suggests using a shorter averaging period that will better reflect the 
state of the market and changes in pattern of demand over time due to increased air 
conditioning, increased rooftop photovoltaic installations and other factors. It 
recommends adopting an alternative approach that would forecast one or more specific 
load profiles and pricing outcomes to calculate settlement payments and difference 
payments. 12 

To implement its proposed alternative approach, Frontier Economics recommends the 
Commission analyse past trends in net system load profile, daily load profiles, daily 
spot prices and high price events in order to identify historical years that are 
representative of future load profiles for the ACT. The Commission then can choose 
one or more of these years to determine an appropriate load profile to be included in 
the model based on the Commission’s regulatory objectives and the way that risk is 
accounted for elsewhere in the model. 13 

                                              
11 Frontier Economics, 2019, p 36.  
12 Frontier Economics, 2019, pp 2–37. 
13 Frontier Economics, 2019, p 36. 

Issues for consultation 

3. Should the Commission continue to calculate forward prices averaged over a 
23-month period or adopt a different averaging period that may better reflect 
the hedging strategy of an efficient retailer in a similar position to AAR? If 
you consider that an alternative averaging period should be adopted, what 
would be the appropriate averaging period and why? 
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Implementation  

While Frontier Economics’ recommended approach is not fundamentally different 
from the Commission’s current energy purchase cost model, the implementation will 
be methodologically different, and is likely to involve some technical complexities. 
These include adopting an alternative approach to determine an appropriate load 
profile for the ACT and developing a new model to determine the energy purchase 
costs accounting for different derivatives in the hedging strategy. The Commission 
considers Frontier Economics’ recommended implementation approach warrants 
consultation and is therefore seeking stakeholder views and inputs.   

 

 

 

 

Issues for consultation 

5. Should the Commission adopt a shorter averaging period and an alternative 
approach to determine an appropriate load profile for the ACT? How should 
these be calculated? 

Issues for consultation 

4. Is Frontier Economics’ suggested approach to calculating an appropriate load 
profile appropriate? 

Issues for consultation 

6. Do you have any other comments? 
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Abbreviations and acronyms 

 

AAR ActewAGL Retail 

ACCC Australian Competition and Consumer Commission 

ACT Australian Capital Territory 

ASX Australian Stock Exchange 

Commission Independent Competition and Regulatory Commission 

ICRC Independent Competition and Regulatory Commission 

QCA Queensland Competition Authority 
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Frontier Economics Pty Ltd is a member of the Frontier Economics network, and is headquartered in 

Australia with a subsidiary company, Frontier Economics Pte Ltd in Singapore. Our fellow network 

member, Frontier Economics Ltd, is headquartered in the United Kingdom. The companies are 

independently owned, and legal commitments entered into by any one company do not impose any 

obligations on other companies in the network. All views expressed in this document are the views of 

Frontier Economics Pty Ltd. 

 

Disclaimer 

None of Frontier Economics Pty Ltd (including the directors and employees) make any representation 

or warranty as to the accuracy or completeness of this report. Nor shall they have any liability (whether 

arising from negligence or otherwise) for any representations (express or implied) or information 

contained in, or for any omissions from, the report or any written or oral communications transmitted in 

the course of the project. 
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EXECUTIVE SUMMARY 

Introduction 

The Independent Competition and Regulatory Commission (Commission) is an independent 

commission within the ACT Government. Among other things, the Commission regulates standing offer 

prices for the supply of electricity to small customers in the Australian Capital Territory (ACT) on 

ActewAGL Retail’s regulated tariffs.  

The Commission’s pricing model determines a dollar per megawatt hour ($/MWh) cost of electricity. This 

cost is the sum of estimated wholesale costs, network costs and retail costs, multiplied by a retail margin. 

Following the reset principles set out in the current price direction (2017-2020), the Commission is 

undertaking a review of the model and methodology to be used to regulate standing offer prices for the 

regulatory period from 1 July 2020. The purpose of the review is to ensure that the model is accurate, 

reflects current market conditions and retailer practices, and is consistent with the Commission’s 

obligations under the ICRC Act. 

As part of the Commission’s review of its model and methodology, the Commission has engaged 

Frontier Economics to review the energy purchase cost model of the Commission’s pricing model. 

Our review 

There are three main approaches that have been used by regulators to assess market-based energy 

purchase costs: 

• The Commission’s energy purchase cost model. 

• Frontier Economics’ approach to estimating energy purchase costs for the Independent Pricing and 

Regulatory Tribunal (IPART) in New South Wales and the Essential Services Commission of South 

Australia (ESCOSA). 

• ACIL Allen’s approach to estimating energy purchase costs for the Queensland Competition 

Authority (QCA). 

As part of our assessment we consider each of these approaches qualitatively, and also provide 

quantitative results based on current market conditions. 

Recommendations 

We assess the Commission’s energy purchase cost model against three key questions: 

• Is the Commission’s energy purchase cost model appropriate? Fundamentally, we consider 

that the Commission’s energy purchase cost model is methodologically sound. However, our view is 

that, in general, a hedging approach that is based on signing swaps in excess of expected peak load 

(as is the Commission’s) will tend to be both more expensive and more risky than potential alternative 

hedging approaches. Our quantitative results confirm that is the case under current conditions. For 

these reasons, we recommend that the methodology for calculating energy purchase costs should 

account for peak swaps and caps, as well as base swaps. The formula that expresses the 

Commission’s energy purchase model cannot be readily adjusted to include peak swaps and caps, 

which suggests that an alternative approach would be required to give effect to this recommendation. 

• Are the input assumptions used by the Commission appropriate? Our view is that basing key 

inputs into the calculation of energy purchase costs on historical outcomes back to 2003/04 is likely 
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to fail to adequately account for important changes to the electricity market since then. We 

recommend that analysis should be undertaken to identify historical years that are more likely to be 

representative of outcomes over the next regulatory period. 

• Is the Commission’s energy purchase cost model simple and transparent? Our view is that the 

Commission’s energy purchase cost model is simple and transparent in the sense that stakeholders 

should be able to replicate the approach without too much difficultly. However, verifying the 

Commission’s derivation of the formula that expresses its energy purchase model is significantly 

more complex. 

Based on our conclusion that there are some issues with both the Commission’s methodology and the 

input assumptions that it uses, we propose an alternative approach. At a high level, this approach has 

the following features: 

• Rather than assuming a retailer’s contract position is based only on base swap contracts, the 

alternative approach allows for the retailer’s contract position to be based on a mix of base swap 

contracts, peak swap contracts and cap contracts. 

• Rather than estimating the cost of the assumed contract position based on average historical 

relationships between spot prices and load over the period since 2003/04, the alternative approach 

would forecast one or more specific set of load and price outcomes, and calculate settlement 

payments and difference payments based on those forecasts. 

The alternative approach would consist of the following steps: 

• Step 1: Determine a contract position. 

• Step 2: Determine contract prices. 

• Step 3: Develop forecasts for the half-hourly profile of the NSLP and of spot prices. 

• Step 4: Calculate settlement payments and difference payments to determine energy purchase 

costs. 
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1 INTRODUCTION 

1.1 Background 

The Independent Competition and Regulatory Commission (Commission) is an independent 

commission within the ACT Government. The Commission’s purpose is to regulate pricing, access and 

other matters for relevant industries. 

The Commission regulates standing offer prices for the supply of electricity to small customers in the 

Australian Capital Territory (ACT) on ActewAGL Retail’s regulated tariffs. The Commission’s pricing 

model determines a dollar per megawatt hour ($/MWh) cost of electricity. This cost is the sum of 

estimated wholesale costs, network costs and retail costs, multiplied by a retail margin. 

Following the reset principles set out in the current price direction (2017-2020), the Commission is 

undertaking a review of the model and methodology to be used to regulate standing offer prices for the 

regulatory period from 1 July 2020. The purpose of the review is to ensure that the model is accurate, 

reflects current market conditions and retailer practices, and is consistent with the Commission’s 

obligations under the ICRC Act. 

1.2 Frontier Economics’ engagement 

As part of the Commission’s review of model and methodology, the Commission has engaged Frontier 

Economics to review the energy purchase cost model of the Commission’s pricing model. 

The Commission’s energy purchase cost model (explained in detail in the Commission’s Report 6 of 

June 2017) determines a benchmark cost of energy. 

Our review of the Commission’s energy purchase cost model: 

• Assesses the energy purchase cost methodologies employed by comparable jurisdictions, including 

New South Wales, Queensland and South Australia, with particular reference to hedging allowances. 

• Assesses alternative energy market hedging strategies, including those based on: 

o Delta hedging, and delta hedging variants 

o Static hedging 

o Minimum-variance hedging in terms of Value at Risk 

• Undertakes a comparative assessment of energy market hedging methods from the sources 

identified above. 

1.3 This report 

This report is structured as follows: 

• Section 2 provides some background on retailer’s energy purchase costs. 

• Section 3 provides an overview of the Commission’s energy purchase cost model. 

• Section 4 provides an overview of Frontier Economics’ approach to estimating energy purchase 

costs for the Independent Pricing and Regulatory Tribunal (IPART) in New South Wales and the 

Essential Services Commission of South Australia (ESCOSA). 
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• Section 5 provides an overview of ACIL Allen’s approach to estimating energy purchase costs for 

the Queensland Competition Authority (QCA). 

• Section 6 discusses some hedging concepts that are used in the finance literature. 

• Section 7 provides a comparison between the different approaches adopted by the Commission, 

Frontier Economics and ACIL Allen. 

• Section 8 provides our recommendations. 
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2 RETAILER’S ENERGY 
PURCHASE COSTS 

Under the settlement rules in the National Electricity Market (NEM) retailers are responsible for 

purchasing electricity to meet the load of their customers in the wholesale electricity market. A retailer 

will pay, for each half hour, its customer’s electricity load in that half-hour multiplied by the relevant 

regional reference price from the wholesale electricity spot market for that half hour. For customers in 

the ACT, the relevant regional reference price is the NSW regional reference price. 

These settlement payments that retailers face can be extremely volatile. Electricity load for small 

customers can vary significantly from one half hour to the next, and electricity spot prices can be 

anywhere between the Market Price Cap (which is currently $14,500/MWh) and the market floor price 

(which is -$1,000/MWh). Since retailers will typically commit to supply their customers at a specified 

retail price for a period of time, this volatility in settlement payments can result in retailers paying more 

for electricity than they receive for that electricity through the retail price they have agreed with their 

customers. At worst, this exposes the retailers to the risk of financial failure. 

To manage the risks associated with volatile load and spot prices, retailers will typically seek to hedge 

their exposure to spot prices by entering into hedging arrangements. There are a number of ways that 

retailers can hedge their exposure to spot prices. The most common are the following: 

• Vertical integration through ownership of an electricity generator. A retailer that owns a generator 

has what is known as a natural hedge: when the spot price is high, the retailer will have to pay the 

high spot price for its customer’s load but, as the owner of a generator, will also receive the high spot 

price for its electricity generation. 

• Power purchase agreements with a generator. Power purchase agreements provide a similar 

hedging benefit to vertical integration, but they do so through contractual arrangements between a 

retailer and a generator, rather than through ownership. 

• Financial derivatives. There are a range of financial derivatives that are available to retailers (and 

generators) to hedge their exposure to volatile spot prices. The most common are swap contracts 

(which effectively lock-in a spot price for the counterparties) and cap contracts (which effectively cap 

the spot price for a retailer). These are traded both on the stock exchange and over-the-counter 

between participants. 

Retailer’s energy purchase costs are typically taken to be the average cost to a retailer of purchasing 

electricity from the wholesale market for its customers, taking into account both the retailer’s settlement 

payments to the Australian Energy Market Operator (AEMO) and the financial outcomes from the 

retailer’s hedging arrangements. 

Regulatory practice in Australia has typically focused on estimating the energy purchase cost for a 

benchmark retailer. In doing so, regulators have typically assumed that the benchmark retailer will make 

use of exchange-traded financial derivatives to hedge its exposure to spot prices. The assumption that 

a benchmark retailer will use exchange-traded financial derivatives is typically based on the following 

reasoning: 

• Any retailer should be able to hedge its exposure to wholesale spot prices using exchange-traded 

financial derivatives, while vertical integration and entering power purchase agreements can be 

impractical for retailers with a smaller retail position in a market or with a less certain retail position. 
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• Prices for exchange-traded financial derivatives are transparent, since they are traded on the ASX. 

In contrast, the costs of building generation plant or entering into power purchase agreements is less 

transparent. 

In practice, it is clear that retailers in the NEM do adopt a mix of hedging strategies, including vertical 

integration and power purchase agreements. Retailers will presumably vertically integrate or enter into 

power purchase agreements because they think these strategies offer advantages that financial 

derivatives cannot; by excluding vertical integration and power purchase agreements from 

consideration, therefore, regulators will, if anything, tend to overstate the costs that retailers will face, or 

understate the risk management that retailers can achieve. 

The electricity derivatives that are traded on ASXEnergy, and typically used by regulators in assessing 

energy purchase costs, are the following: 

• Base load quarterly swaps. These contracts are for 1 MW of electrical energy for all hours in the 

relevant quarter. A swap has the effect of financially locking-in the electricity price that a retailer will 

face for that 1 MW of electricity: if the spot price is above the strike price of the swap contract a 

retailer that has purchased a swap will receive a difference payment equal to the difference between 

the strike price and the spot price, while if the spot price is below the strike price of the swap contract 

the retailer will pay a difference payment equal to the difference between the strike price and the 

spot price. 

• Peak load quarterly swaps are the same as base load quarterly swaps but they only apply in peak 

hours (which are 7AM to 10PM, Monday to Friday excluding public holidays). 

• Base load quarterly $300 caps. These contracts are for 1 MW of electrical energy for all hours in 

the relevant quarter. A cap has the effect of financially capping the electricity price that a retailer will 

face for that 1 MW of electricity: if the spot price is above the $300 cap a retailer that has purchased 

a cap will receive a difference payment equal to the difference between the spot price and $300. 

These products can also be combined into strips (for instance, four sequential quarterly swaps can be 

combined to provide a financial year swap). Equivalent monthly swaps are also available, but tend not 

to trade much. 
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3 OVERVIEW OF THE 
COMMISSION’S ENERGY 
PURCHASE COST MODEL 

The Commission’s energy purchase cost model is explained in detail in the Commission’s Report 6 of 

June 2017. 

The energy purchase model is intended to reflect a circumstance in which a retailer purchases enough 

forward cover to reduce to a negligible level the possibility of having insufficient forward cover to meet 

demand in any trading interval. As a result, in most trading intervals, the retailer will have more forward 

contracts than it needs. The Commission’s energy purchase model assumes that these excess 

entitlements are sold on the spot market. 

The Commission’s energy purchase model is expressed by the following formula: 

𝐶𝑜𝑠𝑡 𝑜𝑓 ℎ𝑒𝑑𝑔𝑖𝑛𝑔 𝑖𝑛 $ /𝑀𝑊ℎ = 𝐹𝑃 × [𝐿𝑆 × (1 − 𝑀) + 𝐿𝑅 × 𝑀] 

Where: 

FP denotes the forward price for a base swap. 

LS denotes what the Commission refers to as the load shape, which is the ratio of the load-

weighted spot price to the time-weighted spot price. 

M represents the forward price margin (that is, the margin of the forward price for a base swap 

over the spot price). 

LR denotes what the Commission refers to as the load profile, which is the ratio of the assumed 

quantity of base swap contracts to average load. 

This formula is applied on a quarterly basis and the four quarterly results are averaged using quarterly 

load weights to provide the resulting energy purchase cost. 

The Commission uses the following values in its energy purchase model: 

• FP is based on a 23 month time-weighted average price of base swap prices traded on ASX 

Energy. 

• LS is based on the average ratio of load-weighted NSW spot prices to time-weighted NSW spot 

prices observed since 2003/04, for each quarter. The load that is used is the net system load 

profile (NSLP) for ActewAGL. The value of LS for the most recent determination was between 

1.085 and 1.189 for the four quarters of 2017/18. 

• M is assumed to be 5%. 

• LR is assumed to be equal to the highest ratio of peak load to average load that has been 

observed since 2003/04, for each quarter, with a margin of 0.1 added for precautionary 

purposes. The value of LR for the most recent determination was between 2.130 and 2.857 for 

the four quarters of 2017/18. 

The term in the square brackets above – which is based on the values of LS, M and LR – is referred to 

by the Commission as the ‘uplift factor’. The Commission has stated that the uplift factor compensates 

an efficient retailer for the costs associated with hedging to underpin its regulated tariffs. As the 

Commission’s derivation of the above formula makes clear, the uplift factor does this because it reflects 

the costs that a retailer would face in addition to the forward price if the retailer were to hedge its 

exposure to the wholesale spot price by buying base swap contracts to the extent determined by the 

variable LR; that is, to cover peak load in the quarter, plus a margin for precautionary purposes. In short, 
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the purpose and effect of the uplift factor is to determine the cost to a retailer of a specific hedging 

position that is deemed to be efficient. As we will see, each of the other approaches that we consider 

shares this broad purpose and effect of determining the cost to a retailer of a specific hedging position 

that is deemed to be efficient. 
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4 OVERVIEW OF 
FRONTIER ECONOMICS’ 
APPROACH FOR IPART 
AND ESCOSA 

Frontier Economics has previously advised both IPART in New South Wales and ESCOSA in South 

Australia on the energy purchase cost allowance to be included in regulated tariffs, using a market-

based approach that calculates the cost of hedging wholesale electricity prices. This section describes 

the approach that we developed and applied for IPART and ESCOSA. This same approach has also 

been used in our work for the Australian Energy Market Commission (AEMC) in advising on their annual 

price trends reports. 

4.1 Overview of Frontier Economics’ approach 

Prior to 2014/15, IPART set a regulated retail price for electricity customers in NSW. Frontier Economics 

advised IPART on its determination of regulated retail tariffs for electricity over three determination 

periods from 2007 to 2014 (when prices were deregulated). 

The methodology developed for IPART to determine hedging costs was based on the Minimum Variance 

Portfolio (MVP) approach, and was implemented through our proprietary modelling tool STRIKE. 

STRIKE determines the efficient combinations of hedging products to meet a particular load profile given 

a particular set of spot prices, and the cost of each of these efficient combinations of hedging products. 

The result is an efficient risk/reward frontier. This frontier reflects the many possible efficient hedging 

strategies, where an efficient hedging strategy is defined as a strategy that provides the lowest cost for 

a given level of risk (or, to put that another way, provides the lowest risk for a given cost). 

4.2 Explanation of STRIKE 

Standard portfolio theory provides a robust framework for evaluating the trade-off between risk and 

return. Portfolio theory was developed as a response to the adage that “putting all your eggs in one 

basket” is not a sensible investment strategy in a risky environment. However, since the returns on 

different assets are correlated in various ways, it is not obvious how a business might best diversify its 

assets when attempting to balance risk and return. In a paper published in 1952, Markowitz solved this 

problem for assets that have normally distributed returns. Markowitz’s solution has become known as 

the MVP. 

To understand Markowitz’s approach to obtaining the MVP, consider a collection of n possible assets. 

We assume that we can characterise each asset by two measures: 

• Expected return: the average level of return expected from the asset. 

• Variance: a measure of risk that captures how much actual returns might deviate from the expected 

return in any period. 

In addition, we require information on the correlations between the returns. 
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Given information on the expected returns of the n assets, the variances of the returns and the 

correlations between the returns, it is possible to calculate the expected return and variance for any 

portfolio consisting of a mix of the assets. By varying the mix of assets, one obtains portfolios with 

different expected returns and variances (risk levels). 

In general, a portfolio with a higher expected return also involves greater risk, so that expected return 

needs to be traded off against risk. Markowitz showed how, for any desired level of expected return, we 

can construct the mix of the n assets that has the least risk as measured by the variance. By solving 

this problem for different expected returns, and graphing the solutions, we can map out a so-called MVP 

frontier. 

STRIKE applies this approach to the task of hedging a retailer’s exposure to wholesale spot prices. 

STRIKE incorporates an estimate of a retailer’s exposure to the wholesale spot market, which is 

determined by the retailer’s load and wholesale spot prices. There is an expected return and a variance 

associated with this. STRIKE also incorporates the types of hedging products that are typical in the 

electricity industry. Our standard approach is to use ASXEnergy traded contracts as the options 

available to retailers. These contracts – swaps and caps – generate cashflows that also have an 

expected return and a variance.  

Instead of assessing the expected return and associated risk for each asset in isolation, STRIKE applies 

the concepts of portfolio theory to evaluate the contribution of each asset to the risk of the portfolio as a 

whole. Based on this approach, STRIKE calculates efficient hedging strategies. 

For regulatory purposes, we typically estimate the efficient frontier using a forecast of the retailer’s load 

(which is based on the relevant NSLP), a forecast of spot prices and ASXEnergy contract prices. We 

typically use the conservative point on the efficient frontier – that is, the point with the lowest risk – as 

the basis for determining the energy purchase cost. There is a particular mix of ASXEnergy contracts 

associated with this conservative point. The energy purchase cost is calculated by settling this contract 

position against the forecast retail load and forecast spot prices. 

Even the conservative point on the efficient frontier will leave an element of risk in the portfolio. Given 

the contracts available to retailers tend to be quarterly contracts, it is impossible for retailers to perfectly 

contract to their sales volume in each half-hour; there is risk to retailers of being under-hedged (because 

the spot price can rise to $14,500/MWh) and there is risk to retailers of being over-hedged (because the 

spot price can fall to -$1,000/MWh). 

Further information about STRIKE is provided in Appendix A. 



10 

FINAL 

Energy purchase cost review  

frontier economics 

5 OVERVIEW OF ACIL 
ALLEN’S APPROACH FOR 
THE QCA 

The QCA regulates electricity prices for customers in regional Queensland, and, until deregulation 

occurred, also regulated electricity prices for customers in south-east Queensland. 

Since 2012/13, ACIL Allen has advised the QCA on the wholesale energy cost component of regulated 

retail prices in Queensland using a market hedging approach. According to the QCA, the market hedging 

approach is:1 

…designed to simulate the wholesale energy market from a retailer’s 

perspective. It involves simulating expected spot prices, and a retailer 

that hedges spot price risk by purchasing financial derivatives with 

contract prices represented by the observable ASX Energy futures 

market data. 

ACIL Allen give a more detailed explanation of their market hedging approach in their report to the QCA. 

According to ACIL Allen, the market hedging approach uses a “simple hedge book approach based on 

quarterly base and peak swaps, and cap contracts”. Contract volumes for a retailer are based on the 

following heuristic: 

• The base swap volume is set to equal the 70th percentile of the off-peak period hourly demands 

across all 47 demand sets for the quarter. 

• The peak swap contract volume is set to equal the 90th percentile of the peak period hourly demands 

across all 47 demand sets minus the base contract volumes for the quarter. 

• The cap contract volume is set at 105 per cent of the median of the annual peak demands across 

the 47 demand sets minus the base and peak contract volumes. 

The wholesale energy cost is then calculated by settling this contract position against a forecast of the 

retailer’s load (which is based on the NSLP for Energex’s distribution area), a forecast of spot prices 

(which is based on ACIL Allen’s market modelling) and an estimate of contract prices (which are based 

on trade-weighted contract prices from ASXEnergy over the period since contracts were first listed up 

to the time of ACIL Allen’s modelling). 

                                                      

1  QCA, Regulated retail electricity prices for 2018-19, Final Determination, May 2018. 
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6 CONSIDERATION OF 
ALTERNATIVE 
APPROACHES 

As well as considering the approaches to hedging energy purchase risk that are implicit in the 

approaches that have been adopted by other regulators in Australia, the Commission has also asked 

us specifically to consider delta hedging, static hedging and minimum variance hedging. 

6.1 Static hedging 

A static hedge is a hedge that only needs to be set up initially, and doesn’t have to be modified over 

time. A common example of a static hedge is a hedge used to manage currency risk. To hedge a given 

position in a foreign currency (for instance, reflecting a future payment due in that currency), a future 

contract for that currency can be used to eliminated foreign exchange risk. Once that position is in place, 

the portfolio is risk free, and will remain that way. 

A static hedge is usually contrasted with a dynamic hedge, which requires constant rebalancing. A delta 

hedging position, discussed below, is one example of a dynamic hedge. 

If we apply this concept to the hedging strategy of retailers, then we would see that a retailer with a 

known position in the spot market (resulting from a known retail load) could adopt a static hedging 

position by entering a future contract for the spot price (for instance, an ASX swap contract). 

This is analogous to the hedging that is implicit in the approach to estimating wholesale energy costs 

adopted by the Commission, ourselves and ACIL Allen. Each of these approaches is fundamentally 

based on the assumption that, for a given expectation of load (and spot prices, in the case of our 

approach) a retailer will adapt a specific hedging position; absent new information about load (or spot 

prices, in the case of our approach) that hedging position need not change. This is not to say that 

retailers do not need to update their hedging positions over time; retailers do update their position over 

time because, for instance, their information about the retail load that they need to hedge improves. This 

is also not to say that retailers are not exposed to residual risk; they are, both because of necessary 

uncertainty in their retail load (which determines their exposure to the spot price) and because of the 

fact that quarterly contracts cannot be used to perfectly hedge a retail load that changes each half-hour. 

6.2 Delta hedging 

Delta hedging is an options strategy that aims to reduce, or hedge, the risk associated with movements 

in an underlying asset by offsetting long and short positions. The most simple kind of delta hedging 

strategy involves buying or selling options over a stock, and then offsetting that risk by buying or selling 

an appropriate amount of the stock. For instance, a long call position may be delta hedged by shorting 

the underlying stock. 

If we apply this concept to the hedging strategy of electricity retailers, then it might suggest that a long 

position in base load swaps might be hedged by shorting the underlying spot electricity price. However, 

a retailer’s exposure to the underlying spot electricity price is determined by the load of the group of 

customers that the retailer supplies. The group of customers that a retailer supplies will be a function of 

the retailer’s expectations of the profit it can make by supplying these customers and the competitive 

dynamics in the retail market. The load of this group of customers is then determined by the decisions 

they make about when to use electricity. In our experience, a retailer will not ordinarily consider adjusting 

the number of customers it supplies, or the type of customers that it supplies, in order to manage the 
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risks associated with its hedging position. Rather, the hedging position responds to the customer’s 

expectation of the load of the customers that the retailer supplies. 

It is for this reason, we expect, that delta hedging is not commonly applied to the determination of 

retailers’ energy purchase costs; indeed, as far as we are aware, delta hedging has not been applied in 

this context in Australia. 

6.3 Minimum variance hedging 

Minimum variance hedging is an approach that seeks to minimise the variance in a hedge position’s 

value. Essentially, minimum variance hedging determines the hedging position relative to a spot position 

that minimises the variance of the overall position.  

As discussed, STRIKE applies minimum variance hedging. Based on explanations of the Commission’s 

approach and of ACIL Allen’s approach, it seems clear that these approaches seek to give effect to the 

same logic that financial derivatives can be used to reduce retailer’s risk. 
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7 COMPARISON OF 
OUTCOMES FROM 
DIFFERENT 
APPROACHES 

This section provides an assessment and comparison of the different hedging approaches that have 

been adopted for regulatory purposes in Australia. First, we provide a qualitative assessment of the 

alternatives. We then compare the results from each of these approaches, as applied to the ACT. 

7.1 Qualitative assessment 

As discussed in previous sections of this report, there are essentially three hedging approaches that 

have been adopted for regulatory purposes in Australia: 

• The Commission’s energy purchase cost model. 

• Frontier Economics’ application of the MVP approach using STRIKE, adopted for IPART and 

ESCOSA. 

• ACIL Allen’s heuristic approach to determining a contract position, adopted for the QCA. 

There are a number of important similarities between these three approaches: 

• Each approach is seeking to calculate the ultimate cost to a retailer resulting from its exposure to the 

spot market, after accounting for steps taken by the retailer to hedge the risks associated with this 

exposure to the spot market. 

• In practice, each approach is based on a forecast of the retailer’s half-hourly load based on the 

relevant NSLP, a forecast of half-hourly spot prices at the relevant regional reference node (a 

forecast that is implicit, in the case of the Commission’s approach) and a forecast of contract prices. 

• The calculated energy purchase cost in each case is based on a specific contract position. 

There are also a number of important differences between these three approaches. 

Given that there is greater similarity between the approach that we adopt and the approach that ACIL 

Allen adopt, we will first deal with the differences between these approaches, on one hand, and the 

Commission’s approach, on the other hand: 

• The approach adopted by Frontier Economics and ACIL Allen involves determining a specific 

contract position, and settling that contract position against a specific set of forecasts of half-hourly 

load and half-hourly consumption. Essentially, these approaches calculate the net cost to a retailer 

in each half-hour of the forecast year, taking account of settlement with AEMO and settlement of 

hedging contracts, and uses these half-hourly cashflows to determine an energy purchase cost. If a 

retailer were to adopt the specific contract position modelled by Frontier Economics and ACIL Allen, 

and both load and spot prices were as forecast, the energy purchase costs calculated by Frontier 

Economics and ACIL Allen would both reflect the retailer’s actual cashflows. In contrast, the 

approach adopted by the Commission is based on average price and load outcomes over the period 

since 2003/04, and historical relationships between these prices and load. While it could be argued 

that these average outcomes implicitly represent a forecast of future outcomes, it is not clear that the 

Commission’s approach could be said to reflect any specific cashflow outcome for a retailer. 



14 

FINAL 

Energy purchase cost review  

frontier economics 

• In practice, both Frontier Economics and ACIL Allen forecast retail load and spot prices having regard 

to observable trends driving these outcomes. For instance, the effect of solar PV on both retail load 

and spot prices can be taken into account in forecasting load and prices. In contrast, the approach 

adopted by the Commission is based on all observed outcomes since 2003/04. This approach does 

not directly account for any observable historical trends in retail load or spot prices, or the correlation 

between the two, or any expected future changes in retail load or spot prices. 

• In practice, both Frontier Economics and ACIL Allen assume that retailers will use a mix of base 

swaps, peak swaps and cap contracts to hedge their load. The approach adopted by the Commission 

assumes that retailers will only use base swap contracts. 

• In practice, the Commissions’ assumption that a retailer will hedge its load by buying base swap 

contracts to cover peak load in the quarter, plus a margin for precautionary purposes, results in far 

more base swaps than the approaches adopted by Frontier Economics or ACIL Allen. It seems to us 

that the Commission’s approach is not consistent with the observation that being ‘long’ swap 

contracts creates its own risk to a retailer. If a retailer has more swap contract cover than its load (as 

it will in every half-hour under the Commission’s approach) then the retailer is financially exposed to 

prices below the strike price of the swap contract. For instance, consider a case in which a retailer 

has 100 MW of swap contracts but only 40 MW of load. If the strike price of the swap contract is 

$80/MWh, and the spot price is only $20/MWh, the retailer will pay out $60/MWh in contract 

difference payments for the full 100 MW of its contract cover, but will only benefit from the low spot 

price to the extent it has load (40 MW). Given the increasing amount of renewable generation in the 

market, the risk to retailers of being over hedged is increasing because there are increasing instances 

of low, and negative, prices. 

While the approach that we adopt and the approach that ACIL Allen adopt are similar in many regards, 

there are nevertheless some notable differences: 

• We determine the retailer’s hedging position based on the conservative point of the efficient frontier 

determined by STRIKE. This framework explicitly seeks to minimise the risk to retailers for a given 

cost, by applying an MVP approach. ACIL Allen determine the retailer’s hedging position based on 

the heuristic approach described above. This results in some differences in the modelled hedge 

position, as discussed in Section 7.2. 

• We calculated the prices of ASX Energy contracts using a mark-to-market approach (averaging 

contract prices over a 40 day period as a proxy for current market values), according to which 

retailer’s pricing decisions are determined by the value of financial contracts at the time. ACIL Allen 

calculate the prices of ASX Energy contracts using an historical average approach, according to 

which retailer’s pricing decisions are determined by the trade-weighted average price of financial 

contracts over the several historical years that those contracts traded. In this regard, the 

Commission’s approach and ACIL Allen’s approach are more similar, since the Commission’s 

approach uses average contract prices over a 23 month period.  

The reason that we adopt the mark-to-market approach is that we think economic decisions in 

competitive markets will be based on the market value of contracts, regardless of when those 

contracts are purchased. If a retailer has purchased contracts in the past at prices above the current 

market price, we would expect that competition from existing or new entrant retailers would force the 

retailer to make retail price offers based on the current cost of purchasing contracts; to do otherwise 

would be to risk losing customers to competitors able to enter or expand by purchasing contracts at 

the current cost and making retail price offers based on those current costs. Similarly, if a retailer has 

purchased contracts in the past at prices below the current market price, we would expect that 

maximising shareholder value would require them to make retail price offers based on the current 

cost of purchasing contracts; making retail price offers based on lower historical contract costs would 

result in less profit than simply selling the contracts again at the current contract price. 
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The reason that the Commission uses average contract prices over a 23 month period is that the 

Commission considers that this reflects the actual purchasing window of a prudent retailer and that 

averaging over a 23 month period smooths out the effects of any sharp increases or decreases in 

contract prices that occur during the year. 

This difference in approach will result in differences in the estimated wholesale energy cost whenever 

40-day average contract prices are different from 23-month average contract prices. The differences 

in average contract prices using these two approaches, based on current data, are discussed in 

Section 7.2. These relative differences in average contract prices will likely be different when using 

data available at the time of undertaking a determination. 

7.2 Quantitative results 

In order to further highlight the differences between the three hedging approaches that have been 

adopted for regulatory purposes in Australia we have undertaken some modelling of the approaches to 

compare outcomes for 2018/19 and 2019/20.  

At the outset we note that this analysis should be taken only as illustrative: differences in load forecasts, 

spot price forecasts and contract prices between now and the time of undertaking a determination of 

energy purchase costs will all have material effects on the results. 

In undertaking the quantitative analysis we have sought to use a consistent set of input assumptions, 

including the same NSLP data (based on the most recent year of historical data), the same contract 

prices (based on either a 23 month average or a 40 day average) and the same forecast of spot prices 

(inferred from historical patterns of spot prices, scaled to swap prices). 

The ASXEnergy contract prices that we use in our analysis are summarised in Table 1 for 40-day 

average prices and in Table 2 for 23-month average prices. Based on this current data, we can see 

some material differences in relative prices using 40-day average prices and 23-month average prices. 

For instance, 

• For 2018/19 contracts, cap prices are materially higher using a 23-month average price (between 15 

and 65 per cent higher). 

• For 2019/20 contracts, cap prices are materially lower using a 23-month average price (between 9 

and 32 per cent lower) and peak swaps prices are materially lower using a 23-month average price 

(between 17 and 30 per cent lower). 

However, these relative differences in average contract prices will likely be different when using data 

available at the time of undertaking a determination. 
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Table 1: ASXEnergy contract prices ($/MWh) – 40-day average 

YEAR QUARTER BASE CAP BASE SWAP PEAK SWAP 

2018/19 1 $13.57 $83.63 $109.50 

2018/19 2 $4.56 $74.63 $85.21 

2018/19 3 $5.55 $73.07 $82.54 

2018/19 4 $7.26 $63.98 $81.21 

2019/20 1 $16.44 $78.91 $98.21 

2019/20 2 $6.67 $71.67 $92.06 

2019/20 3 $8.00 $71.65 $85.00 

2019/20 4 $8.00 $63.46 $75.95 

Source: ASXEnergy, Frontier Economics analysis 

Table 2: ASXEnergy contract prices ($/MWh) – 23-month average 

YEAR QUARTER BASE CAP BASE SWAP PEAK SWAP 

2018/19 1 $15.64 $80.43 $99.71 

2018/19 2 $7.52 $73.04 $87.99 

2018/19 3 $7.48 $72.09 $82.89 

2018/19 4 $9.13 $67.32 $82.92 

2019/20 1 $11.16 $72.66 $68.66 

2019/20 2 $6.07 $69.73 $67.03 

2019/20 3 $6.62 $72.91 $64.62 

2019/20 4 $6.62 $68.94 $62.89 

Source: ASXEnergy, Frontier Economics analysis 

In developing the quantitative results we have adopted the following approach: 

• For the results based on our approach we have used STRIKE. As with the results for each approach, 

however, we have only used one set of forecasts of load and spot prices (representing one future 

state of the world). In practice we would generally include a number of forecasts of load and spot 

prices (representing a number of future states of the world). However we restrict our analysis to a 

single set of forecasts of load and spot prices to better compare outcomes across the three 

approaches. 

• For the results based on ACIL Allen’s approach we have also only used one set of forecasts of load 

and spot prices, and applied ACIL Allen’s heuristic for contract positions to this forecast of load. We 

have then settled the contract position to determine energy purchase costs. 
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• For the results based on the Commission’s approach, we have updated the values of LS and LR to 

reflect an additional year of historical data (so that we have data from 2003/04 to 2017/18) and 

otherwise applied the Commission’s standard approach. 

In our view, the key differences to consider are the contract position on which the energy purchase cost 

is based, and the energy purchase cost itself. We discuss each of these in the sections that follow. 

7.2.1 Contract position 

As discussed, the retailer’s contract position is an output of Frontier Economics’ STRIKE modelling. 

STRIKE in fact provides an efficient frontier that consists of all efficient contract positions – the contract 

position that we tend to use for regulatory purposes is the contract position that has the lowest 

achievable risk. 

Based on the inputs that we have developed for 2018/19, Figure 1 summarises the contract position on 

the conservative point for the ActewAGL NSLP for 2018/19, based on 40-day average ASXEnergy 

contract prices. Figure 1 should be interpreted as follows: 

• The vertical panels represent the 4 quarters of the year, and the horizontal panels represent peak 

and off-peak periods, as defined for the purposes of ASXEnergy contracts.  

• Within each panel, the NSLP profile for the relevant period is summarised by the box plot. There is 

a box plot for each of the 48 half-hours of the day, with the box and whiskers summarising the range 

of the NSLP for the half-hours of the day within the relevant period. The box plots give a clear 

indication of the patterns of daily demand. In summer (Q1 and Q4), there tends to be not much of a 

morning peak in demand, but a large afternoon/evening peak driven by air-conditioning use. In winter 

(Q2 and Q3), there tends to be both morning and evening peaks, driven by heating use. In aggregate, 

load is higher in winter than in summer, driven by the fact that heaters are used more consistently 

and use more energy than air-conditioners. The box plots for peak periods are truncated because 

peak periods only occur from 7AM to 10PM on working weekdays. 

• Also within each panel, the contract position at the conservative point is summarised by the stacked 

columns. The quantity of base swaps is shown in light teal, the quantity of peak swaps is shown in 

dark teal and the quantity of caps is shown in red. It is apparent that the total quantity of contracts 

varies by quarter, reflecting the quarterly difference in load. In general, we see that the contract 

position at the conservative point consists of base swaps to a bit above average load, and caps on 

top of that to ensure total contract cover is approximately equal to peak demand. There are also 

some peak swaps in Q3 and Q4 but, on the whole, there is not much need to buy peak swaps instead 

of base swaps because load during peak and off-peak periods is quite similar. 

Figure 2 shows the same as Figure 1, but for 23-month average ASXEnergy contract prices rather than 

40-day average contract prices. The results are identical, because at the conservative point on the 

efficient frontier the focus is on minimising risk, rather than minimising cost, which means that contract 

prices are not a key driver of the contract position. 
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Figure 1: Contract position under Frontier Economics’ approach – 2018/19 using 40-day average contract prices 

 

Source: Frontier Economics analysis 



19 

FINAL 

Energy purchase cost review  

frontier economics 

Figure 2: Contract position under Frontier Economics’ approach – 2018/19 using 23-month average contract prices 

 

Source: Frontier Economics analysis 
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We have also been asked to run STRIKE excluding peak swaps from the model. The resulting contract 

positions for 2018/19 are summarised in Figure 3 and compared with the contract positions reflected in 

Figure 1 and Figure 2.  

It can be seen, again, that the difference between using 40-day average and 23-month average contract 

prices has no effect on the contract position at the conservative point. This is because the conservative 

point is the contract position with the lowest risk, and this risk generally is not affected by the contract 

price.  

It can be seen that excluding peak swaps from the model also does not have much effect on the model. 

In Q3 and Q4, when a small number of peak swaps were purchased, the absence of these peak swaps 

means that some additional base swaps are purchased; the end result is that swap cover is a little lower 

in peak periods and a little higher in off-peak times. The reason for this is that the NSLP data indicates 

that there is a smaller difference between peak and off-peak load in the ACT than is observed in other 

jurisdictions; because of this our modelling indicates that there is less need for different levels of swap 

cover in peak and off-peak periods than would be the case if there were a larger difference between 

peak and off-peak load. As with our other observations, however, we note that this finding is based on 

the NSLP data that we have used; NSLP data available at the time of undertaking a determination may 

suggest a larger difference between peak and off-peak load, which would be expected to result in more 

peak swaps. 

Figure 3 also presents the contract position that results from applying ACIL Allen’s heuristic to the 

ActewAGL load. ACIL Allen’s heuristic results in a larger quantity of peak swaps in most quarters and a 

larger number of cap contracts in most quarters, resulting in greater total contract cover in all quarters. 
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Figure 3: Summary of contract positions – 2018/19 

 

Source: Frontier Economics analysis 

Figure 4 presents the same information, but for 2019/20, indicating that the differences we observed in 

the contract positions in 2018/19 are quite consistent with the differences we observe in 2019/20. Figure 

4 also shows the contract position from the Commission’s approach. The contract position under the 

Commission’s approach is significantly different from the contract position under our approach or ACIL 

Allen’s approach: not only is the total contract cover typically higher than under other approaches, but it 

consists entirely of swap contracts. 
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Figure 4: Summary of contract positions – 2019/20 

 

Source: Frontier Economics analysis 

7.2.2 Energy purchase cost 

As well as reporting contract position, we also report the resulting energy purchase cost. 

First, in Figure 5, we present the energy purchase cost from the four different STRIKE cases that we 

have modelled (with and without peak swaps and for 40-day and 23-month average prices for contracts) 

and for ACIL Allen’s heuristic approach (for 40-day and 23-month average prices for contracts). The 

results are presented for the two years that we have modelled: 2018/19 and 2019/20. 

A few things stand out from Figure 5: 

• The energy purchase cost is much the same from the Frontier Economics cases with and without 

peak swaps (the lines are essentially on top of each other). This is consistent with the observation 

that only a small number of peak swaps are purchased in the cases in which they are assumed to 

be available. 

• Whether the energy purchase cost using the 40-day average or the 23-month average is higher 

depends on the contract mix. In 2018/19, the energy purchase cost from the Frontier Economics 

cases is higher for a 40-day average, while the energy purchase cost from the ACIL Allen cases is 

higher for the 23-month average. This is because base swaps prices are relatively higher for a 40-

day average while cap prices are relatively lower for a 40-day average, and ACIL Allen’s contract 

position consists of relatively more caps. This highlights the fact that whether the 40-day average or 
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23-month average results in higher energy purchase costs will depend on the historical trends in the 

prices of individual swap and cap contracts. 

• The contract position under ACIL Allen’s approach results in a higher energy purchase cost than the 

contract position under our approach. This is consistent with ACIL Allen’s approach resulting in a 

larger number of contracts being signed and the price of contracts generally exceeding the expected 

spot price. In particular, caps and peak swaps – the contracts that are purchased in larger numbers 

under ACIL Allen’s approach – are relatively expensive for 2018/19 and 2019/20. 

Figure 5: Energy purchase cost results 

 

Source: Frontier Economics analysis 

We have also calculated an energy purchase cost using the Commission’s energy purchase cost model, 

applying the Commissions’ approach to developing the relevant inputs, but accounting for the extra year 

of data since the Commission’s last report. Based on this, we estimate that the Commission’s approach 

would result in an energy purchase cost of $86.77 for 2018/19 when using 23-month average prices for 

contracts. 

The energy purchases costs that we have quantified are summarised in Table 3 for 40-day average 

contract prices and in Table 4 for 23-month average contract prices. 
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Table 3: Energy purchase cost ($/MWh) – 40-day average contract prices 

FINANCIAL YEAR ICRC FRONTIER 

FRONTIER 

(NO PEAK 

SWAPS) 

ACIL 

2019 - $79.80 $79.86 $86.71 

2020 - $77.28 $77.34 $86.70 

Source: Frontier Economics 

Table 4: Energy purchase cost ($/MWh) – 23-month average contract prices 

FINANCIAL YEAR ICRC FRONTIER 

FRONTIER 

(NO PEAK 

SWAPS) 

ACIL 

2019 $86.77 $78.92 $78.99 $87.84 

2020 $84.21 $76.94 $77.01 $79.27 

Source: Frontier Economics 

Comparing the results under the Commission’s approach with the results under alternative approaches 

we see that the Commission’s approach in 2018/19 initially is close to the result using ACIL Allen’s 

approach, and higher than the result using our approach. In 2019/20, the result under the Commission’s 

approach is the highest; it does not fall as much as the result under ACIL Allen’s approach because the 

base swap price for 2019/20 does not fall as much as the price of other contracts. 

We have also estimated energy purchase costs and risks using STRIKE but making use of the contract 

positions under each of the three approaches. This is presented in Figure 6. The blue line represents 

the efficient frontier calculated using STRIKE for 2019/20, with our reported energy purchase cost being 

the cost of the point on the frontier to the far left (where risk is lowest). The two points represent the 

results under ACIL Allen’s approach and the Commission’s approach. Note that the energy purchase 

cost reported under the Commission’s approach is not, in fact, the energy purchase cost that would be 

calculated using the Commission’s methodology, but is the energy purchase cost that would be 

calculated by assuming that a retailer has the hedge position implied under the Commission’s approach 

and that that hedge position were settled against the same forecast of spot prices and load that we 

assume under our approach and ACIL Allen’s approach. In other words, this Figure 6 is designed to 

highlight the cost and risk positions of the different contract positions assumed under the different 

approaches for a consistent set of assumptions; it is not designed to represent the energy purchase cost 

that would be calculated under the Commission’s approach. 
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Figure 6: Efficient frontier (2019/20) 

 

Source: Frontier Economics 

What we see in Figure 6 is that the contact positions under ACIL Allen’s approach and the Commission’s 

approach are both more costly and more risky than the conservative point on the efficient frontier. The 

costs and risks under ACIL Allen’s approach and the Commission’s approach end up being quite similar: 

we interpret this to reflect the fact that having cap coverage instead of swap coverage (as ACIL Allen’s 

approach implies) exposes a retailer to volatility in spot prices under $300/MWh, while having swap 

coverage instead of cap coverage (as the Commission’s approach implies) exposes a retailer to 

difference payments when load is low and prices are below the strike price of the swap contract. 
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8 RECOMMENDATIONS 

To conclude our review, we assess the Commission’s approach against the following questions: 

• Is the Commission’s energy purchase cost model appropriate? 

• Are the input assumptions used by the Commission appropriate? 

• Is the Commission’s energy purchase cost model simple and transparent? 

We discuss each of this in the sections that follow, before proposing an alternative approach. 

8.1 Is the Commission’s energy purchase cost model 

appropriate? 

Fundamentally we consider that the Commission’s energy purchase cost model is methodologically 

sound.  

However, the Commission’s energy purchase cost model is based on the implicit assumption that a 

retailer will hedge load using only base swaps, and that a retailer will enter into base swaps in a quantity 

that is higher, by a defined margin, than the highest peak load for the NSLP since 2003/04. We consider 

that this assumption is unlikely to reflect a hedging position that a retailer would find acceptable. There 

are two reasons for this: 

• Base load swaps are very blunt hedging instruments for dealing with the volatility of half-hourly load 

and half-hourly spot prices. In our experience retailers will also include peak swaps and caps in their 

contract position to better manage this volatility (although we recognise that the NSLP for ActewAGL 

suggests that peak swaps may currently be less important in the ACT). 

• There is risk associated with being over-contracted. A retailer that signs more swap contracts than it 

has load has essentially take a financial position in the market: the retailer will always expect to have 

more swap cover than it has load, meaning that it will be exposed to making unfunded difference 

payments any time the spot price is below the strike price of its contracts. We would expect that this 

would not be consistent with a retailer’s risk policies. 

While much will depend on the inputs, we consider that, in general, a hedging approach that is based 

on signing swaps in excess of expected peak load will tend to be both more expensive and more risky 

than potential alternative approaches. For these reasons, we recommend that the methodology for 

calculating energy purchase costs should include peak swaps and caps, as well as base swaps.  

We note that our analysis of the efficient contract position using STRIKE – discussed in Section 7.2.1 – 

indicates that under current conditions the contract position at the conservative point of the efficient 

frontier consists almost entirely of base swaps and caps, with very few peak swaps. This could suggest 

that the methodology for calculating energy purchase costs could account only for base swaps and 

caps. However, we recommend a methodology that can account for base swaps, peak swaps and caps. 

The reason is that even if the Commission forms the view that current market data suggests that peak 

swaps are not an important part of an efficient retail hedge position, this view may change over time. 

One reason for this is that changes over time in the load of small customers or changes over time in 

prices may lead the Commission to the view that peak swaps are an important part of an efficient hedge 

position. We also note that the alternative approach that we propose is not made materially more 

complex by incorporating peak swaps in additional to base swaps and caps. 
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The formula that expresses the Commission’s energy purchase cost model cannot be readily adjusted 

to account peak swaps and caps. To give effect to our recommendation to account for peak swaps and 

caps, therefore, an alternative approach would be required. The alternative approach that we propose 

accounts for base swaps, peak swaps and caps. 

8.2 Are the input assumptions appropriate? 

As discussed in Section 3 there are essentially four inputs to the Commission’s approach. We discuss 

each in turn: 

• FP denotes the forward price for a base swap, and is based on a 23 month time-weighted average 

price of base swap prices traded on ASX Energy. As discussed, we favour using 40-day average 

contract prices because we think economic decisions in competitive markets will be based on the 

market value of contracts. However, using 23 month time-weighted average prices will provide more 

stable regulated prices. 

• LS denotes the ratio of the load-weighted spot price to the time-weighted spot price, and is based on 

the average observed since 2003/04, for each quarter. In our view using data since 2003/04 as an 

indication of likely relationships between load and prices in the future is unlikely to properly account 

for recent and expected future changes to the electricity market. In particular, the growth in renewable 

generation (including rooftop solar PV) is already bringing about fundamental changes to load and 

pricing patterns in the NEM, which means that patterns of load and pricing that pre-date the growth 

in solar PV are unlikely to be a useful indicator of future outcomes. 

• M represents the forward price margin (that is, the margin of the forward price for a base swap over 

the spot price), and is assumed to be 5%. We think this is an appropriate assumption, and the 

analytical work that we have done in the past supports that view (although, by necessity, this 

analytical work can only provide indirect support). 

• LR denotes what the Commission refers to as the load profile, which is the ratio of the assumed 

quantity of base swap contracts to average load, and is assumed to be equal to the highest ratio of 

peak load to average load observed since 2003/04, for each quarter, with a margin of 0.1 added for 

precautionary purposes. As with the value of LS, we consider that patterns of load as early as 

2003/04 are unlikely to be a useful indicator of the effect of important recent drivers of load, such as 

the growth in reverse-cycle air conditioning and the adoption of solar PV. 

While we think that an alternative methodology to determining energy purchase costs should be 

adopted, these four inputs will nevertheless remain an important element of the methodology.  

Because historical outcomes back to 2003/04 are likely to fail to adequately account for important 

changes to the electricity market since then, we recommend that the Commission’s approach to 

forecasting load and prices (and the relationship between the two) should be re-assessed. Specifically, 

as we discuss below, we recommend that the choice of the historical period that should be used to 

inform the Commission’s view on patterns of load and prices over the regulatory period should be subject 

to more detailed analysis. We expect that this analysis will suggest that more recent historical data 

should be used. 

8.3 Is the Commission’s energy purchase cost model simple and 

transparent? 

The Commission’s energy purchase cost model is simple and transparent in the sense that both the 

formula that the Commission uses is simple and transparent and the approach that the Commission 

adopts to developing the required inputs is simple and transparent. Indeed, an interested stakeholder 

should be able to calculate the energy purchase cost independently of the Commission. 
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However, in our view, the intuition behind the formula that the Commission uses is not readily apparent. 

The Commission has provided information on the derivation of that formula, so that stakeholders can 

confirm the logic of the formula as it applies to calculating energy purchase cost. But this derivation is 

itself not simple, and verifying the Commission’s derivation is significantly more complex than calculating 

the energy purchase cost using the Commission’s approach. 

In our view, the alternative methodology that we suggest is likely to have a clearer intuition for 

stakeholders. While this alternative methodology cannot be reduced to a simple equation, the approach 

and calculations can be, in our view, clearly explained with relatively simple examples. Also, under this 

alternative methodology an interested stakeholder should be able to calculate the energy purchase cost 

independently of the Commission. 

8.4 An alternative approach 

While the scope of this review does not extend to the detailed development of an alternative 

methodology, we nevertheless make recommendations on an alternative to the Commission’s energy 

purchase cost model that we consider is more appropriate for the estimation of energy purchase costs. 

This alternative approach has the following features: 

• Rather than assuming a retailer’s contract position is based only on base swap contracts, the 

alternative approach assumes a retailer’s contract position is based on a mix of base swap contracts, 

peak swap contracts and cap contracts. 

• Rather than estimating the cost of the assumed contract position based on all observed historical 

relationships between spot prices and load over the period since 2003/04, the alternative approach 

would forecast one or more specific set of load and price outcomes, and determine the energy 

purchase cost by calculating half-hourly settlement payments and difference payments based on 

those forecasts. 

At a high level, the alternative approach would consist of the steps outlined below. As should be clear, 

this alternative approach would make use of essentially the same input assumptions as the 

Commission’s current approach. 

Step 1: Determine a contract position 

We would recommend that the Commission develop an heuristic for determining the volume of quarterly 

base swaps, peak swaps and caps, similar to the approach that the Commission already follows and 

ACIL Allen follows. We recommend that this heuristic determine contract volumes in a way that is linked 

to the NSLP, so that the contract position will naturally adjust to any changes in forecast load. 

As discussed, the heuristic that ACIL Allen applies is as follows: 

• The base swap volume is set to equal the 70th percentile of the off-peak period hourly demands for 

the quarter. 

• The peak swap contract volume is set to equal the 90th percentile of the peak period hourly demands 

minus the base contract volumes for the quarter. 

• The cap contract volume is set at 105 per cent of the median of the annual peak demands minus the 

base and peak contract volumes for the quarter. 

Expressed in equivalent terms, the contract position from the conservative point determined by STRIKE 

is summarised in Table 5. 
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Table 5: Contract volumes for the conservative point on the efficient frontier 

QUARTER 

BASE SWAPS 

(PERCENTILE OF OFF-

PEAK LOAD) 

PEAK SWAPS 

(PERCENTILE OF PEAK 

LOAD) 

CAPS 

(PERCENTILE OF PEAK 

LOAD) 

1 0.94   0.98 

2 0.76   0.92 

3 0.95 0.88 1.01 

4 0.67 0.86 1.01 

Source: Frontier Economics 

These outcomes, along with consultation with stakeholders, could be used as the basis for developing 

an appropriate heuristic for the Commission’s determinations. 

The alternative of undertaking MVP modelling, using STRIKE for instance, would better capture the 

effect of changes in load or prices over time on the efficient contract position, but would add to the cost 

and the time required for each determination. 

Step 2: Determine contract prices 

We would recommend that contract prices be based on ASXEnergy prices. The preferred approach to 

averaging these contract prices over time (40-day average, 23-month average, or something else) can 

be chosen to reflect the Commission’s regulatory objectives. 

Step 3: Develop forecasts for the half-hourly profile of the NSLP and of spot prices 

We would recommend developing forecasts for the half-hourly profile of the NSLP and of spot prices 

based on historical half-hourly data.  

Currently, the Commission’s approach makes use of half-hourly data for every year since 2003/04. 

However, for reasons discussed above, there is reason to expect that changes in the energy market will 

mean that outcomes in more recent years are likely to be a better predictor of outcomes in future years. 

For this reason, we would recommend the Commission undertake some analysis of historical outcomes 

to determine which historical years are good candidates for representing future years. 

When it comes to patterns of half-hourly load, some of the data that we have analysed in the past for 

this purpose includes the following: 

• Trends in the historical NSLP, to determine whether the NSLP is tending to become peakier or flatter 

over time, as represented by the example in Figure 7, which shows annual load factors for the MRIM 

(which is analogous to the NSLP) for the 5 distribution areas in Victoria. A load that is becoming 

significantly peakier is likely to be more expensive for a retailer to supply, suggesting that the forecast 

profile should also be peakier. 

• Trends in the daily profile of the NSLP, to determine whether the daily pattern of demand is changing 

over time due to increased air conditioning load, increased rooftop PV installations or other factors, 

as represented by the example in Figure 8. If the evidence suggests that daily patterns of demand 

are trending in a particular manner, this suggests that more recent historical years are likely a better 

predictor of future years. Figure 8 shows that there has been a trend towards reduced load during 

the middle of the day, but that the changes have been relatively small. 
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Figure 7: Example of historical trends in load factor 

 

Source: Frontier Economics 

Figure 8: Example of historical trends in normalised daily demand profiles 

 

Source: Frontier Economics 

When it comes to patterns of half-hourly prices, some of the data that we have analysed in the past for 

this purpose includes the following: 

• Trends in the average annual spot price, to determine whether historical average annual spot prices 

are likely to be reasonably consistent with expectations of future annual spot prices (as indicated by 

ASXEnergy contract prices, adjusted to account for an assumed 5% contract premium). 

• Trends in the daily profile of spot prices, to determine whether the daily pattern of prices is changing 

over time due to increased solar PV installations or other factors, as represented by the example in 

Figure 9 and Figure 10 (which also shows the time of highest average prices during the day). If the 
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evidence suggests that daily patterns of prices are trending in a particular manner, this suggests that 

historical years that exhibit similar patterns are likely a better predictor of future years. 

• Trends in the frequency and timing of high price events, to determine whether patterns in the volatility 

of prices (which are an important driver of energy purchase costs) are changing over time, as 

represented by the example in Figure 11. If the evidence suggests that patterns in the volatility of 

prices are trending in a particular manner, this suggests that historical years that exhibit similar 

patterns are likely a better predictor of future years. 

Figure 9: Example of historical trends in daily spot prices 

 

Source: Frontier Economics 

Figure 10: Example of historical trends in normalised daily spot prices – with time of highest average 

price 

 

Source: Frontier Economics 
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Note: since these prices have been normalised we have removed the scale on the Y-axis to ensure that the level of prices is not 

misinterpreted. 

Figure 11: Example of historical count of high price events 

 

Source: Frontier Economics 

There is no doubt that assessing the historical data in order to find historical years that have patterns of 

half-hourly load and half-hourly prices that are likely to reasonably reflect outcomes over the regulatory 

period involves the exercise of judgement. To inform this judgement it may be useful to calculate the 

load premium for historical years (which we define as the load-weighted price divided by the time-

weighted price). The load premium is a key driver of energy purchase costs, so assessing historical 

years according to this load premium is likely to be informative. 

It is also possible to assess historical patterns of half-hourly prices to determine whether these patterns 

are reasonably consistent with observed ASXEnergy forward prices. ASXEnergy forward prices do 

provide some information about the market’s expectations of the relative prices in each quarter, the 

market’s expectations of the relative prices in peak and off-peak periods and the market’s expectations 

of the incidence of prices above $300/MWh. 

We would recommend that the Commission seek to identify a number of candidate historical years. This 

would enable the Commission to apply a Monte Carlo approach to develop a large number of potential 

future patterns of half-hourly load and half-hourly prices (making sure to use the Monte Carlo to 

randomly draw common historical days for load and prices, in order to maintain the correlation between 
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load and prices). The Commission can then chose one or more of these future years to determine energy 

purchase costs, based on the Commission’s regulatory objectives and the way that risk is accounted for 

elsewhere in the Commission’s determination. For instance, each of the future years generated using 

the Monte Carlo approach could be ranked according to load premium, and the median year selected 

as the basis for determining energy purchase cost. 

On whatever basis a half-hourly pattern of spot prices is developed, we would recommend that the 

selected half-hourly pattern is scaled to the ASXEnergy forward price (adjusted to account for an 

assumed 5% contract premium). 

The alternative of undertaking wholesale market modelling of future spot price outcomes, using some 

form of electricity market model, would likely provide better information about likely changes in the 

wholesale market in future years, but would add to the cost and the time required for each determination. 

Step 4: Calculate settlement payments and difference payments to determine energy purchase 

costs 

Based on these inputs, half-hourly settlement payments and difference payments can be calculated in 

a spreadsheet in a relatively straightforward way. An example of these calculations could be provided 

quite readily, and the spreadsheet itself could be published. In this way, despite the need to undertake 

calculations on a half-hourly basis, we think that the alternative approach can meet the objective of 

simplicity and transparency. 
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 A APPENDIX A – PORTFOLIO THEORY 
 

Standard portfolio theory provides a robust framework for evaluating the trade-off between risk and 

return. Portfolio theory was developed as a response to the adage that “putting all your eggs in one 

basket” is not a sensible investment strategy in a risky environment. However, since the returns on 

different assets are correlated in various ways, it is not obvious how a business might best diversify its 

assets when attempting to balance risk and return. In a paper published in 1952, Markowitz solved this 

problem for assets that have normally distributed returns. Markowitz’s solution has become known as 

the MVP. 

To understand Markowitz’s approach to obtaining the MVP, consider a collection of n possible assets. 

We assume that we can characterise each asset by two measures: 

• Expected return: the average level of return expected from the asset. 

• Variance: a measure of risk that captures how much actual returns might deviate from the expected 

return in any period. 

In addition, we require information on the correlations between the returns. 

Given information on the expected returns of the n assets, the variances of the returns and the 

correlations, it is possible to calculate the expected return and variance for any portfolio consisting of a 

mix of the assets. By varying the mix of assets, one obtains portfolios with different expected returns 

and variances (risk levels). 

In general, a portfolio with a higher expected return also involves greater risk, so that expected return 

needs to be traded off against risk. Markowitz showed how, for any desired level of expected return, we 

can construct the mix of the n assets that has the least risk as measured by the variance. 

By solving this problem for different expected returns, and graphing the solutions, we can map out a so-

called MVP frontier. It has become common to plot the MVP frontier by placing the standard deviation 

of the portfolio returns on the X-axis,2 and the expected return on the Y-axis. 

Figure 12 shows such a frontier for combinations of two assets, A and B. Portfolio R is obtained by 

having a mix of 67.5% of asset A and 32.5% of asset B, while portfolio C has a mix of 35% of asset A 

and 65% of asset B. 

Note that for any portfolio on the lower (red) arm of the MVP frontier, there is a corresponding portfolio 

with exactly the same risk on the top (blue) arm that has a higher expected return. Thus, even though 

points on the lower branch of the frontier are minimum variance portfolios for their specified level of 

expected return, there is always a preferable portfolio with a higher return and the same risk. For this 

reason, the top branch of the frontier, starting at portfolio C, is called the ‘efficient’ portfolio frontier. 

                                                      

2  Using the standard deviation as the risk measure, instead of the variance, leads to algebraically identical solutions, and 
is easier to interpret. 
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Figure 12: Risk-return curve for investment in assets A and B for correlation coefficient, ρ = 0 

 

Source: Frontier Economics 

Figure 12 assumes that there is no correlation between the returns on the two assets. Figure 13 shows 

a number of MVP frontiers for different levels of correlation between the two assets. We can see that as 

the correlation between the returns on assets A and B become more negative, the risk associated with 

a portfolio of these assets becomes smaller. Hence the benefits associated with diversification, called 

the portfolio effect, increases as the correlation between the assets decreases. 
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Figure 13: Risk-return frontiers for investment in assets A and B with different levels of correlation, ρ 

 

Source: Frontier Economics 

The situation illustrated in Figure 12 and Figure 13, with only two assets, is in fact somewhat artificial, 

since every mix of the two assets lies on the MVP frontier. The situation with more than two assets is 

illustrated in Figure 14. By plotting the expected return against the standard deviation for all the possible 

portfolios of the assets, we obtain the so-called feasible region. The left-hand edge of that region is the 

MVP frontier. As before, the upper arm (green in this case) represents the ‘efficient’ portfolio frontier. 
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Figure 14: Feasible region and the efficient frontier when there are more than two assets 

 

Source: Frontier Economics 

Algebraically, we can formulate the MVP portfolio problem as follows using matrix notation. Let the 

vector w denote the set of proportions that each of the n assets constitutes within the portfolio (these 

must add up to 1); let μ denote the vector of n expected returns, and let Σ denote the n by n matrix of 

the variances and covariances of the returns.  

Then for a specified level of expected return for the portfolio as a whole, say r, the minimum variance 

portfolio with expected return r can be found by solving the following constrained minimisation problem:  

(1) min{w′Σw }    w.r.t the w vector.  (ie find the w that minimises w′ Σ w ) 

subject to: 

w′ μ  = r  

and w′ι =  1 

where ι = (1,1,…,1)′ 

The MVP frontier is obtained by solving this problem for different levels of expected return r. The vector 

w associated with the solution for any given expected return r, tells us how to construct the portfolio on 

the frontier that has that expected return. If there are no other constraints on the w the above 

optimisation problem has a closed-from solution.3 

STRIKE adopts the basic structure of the MVP approach, but has adapted it to incorporate the types of 

assets that are typical in the electricity industry, rather than just shares. STRIKE also generalises the 

MVP approach by allowing for different measures of risk, in addition to variance, and by allowing for 

arbitrary distributions of returns, in addition to normality. 

                                                      

3  See Campbell. Lo and McKinley (1997), The Econometrics of Financial. Markets, p. 184 
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STRIKE determines the efficient mix of hedging products to meet a particular load profile, and the cost 

of that mix of hedging products. Instead of assessing the expected return and associated risk for each 

asset in isolation, STRIKE applies the concepts of portfolio theory to evaluate the contribution of each 

asset to the risk of the portfolio as a whole. 

STRIKE adapts the MVP efficient frontier approach to suit the specific context of the electricity industry. 

The MVP methodology was developed in the context of portfolios of traded shares. By contrast, 

electricity industry assets are more varied and include physical assets such as generating plant, different 

classes of customers with particular load characteristics, short and long-term supply contracts, and 

hedging contracts. Many of these assets involve quantity constraints. 

STRIKE uses a slightly different, but equivalent, formulation of the optimisation problem. For any value 

of k, the ‘risk-adjusted’ expected return of the portfolio can be defined as: 

(2) rA =  r  – kγ 

where γ is the chosen risk criterion, such as variance, or the value-at-risk, or profit-at-risk, and  k is an 

indicator of the level of risk. If γ is equal to the variance then maximisation of (2) is equivalent to the 

minimisation problem in (1).4 

In practice, given the nature of the assets and the quantity constraints, there is no closed solution to this 

maximisation problem. Hence STRIKE solves the problem using quadratic mixed integer programming 

(QMIP) techniques. By maximising (2) for different values of k, STRIKE is able to map out the ‘expected-

return risk’ frontier. This can be done not only when γ is the portfolio variance, but also for other 

measures of risk. 

  

                                                      

4  This formulation is equivalent to the Lagrangian formulation of the minimisation problem in (1). 
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