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Meeting date: 28 June 2018 

Date prepared: 14 June 2018 

Winter Security of Supply Standards 

1 Recommendations 
1.1 It is recommended the Board:  

(a) note that staff have completed a review of the Winter Security of Supply Standards
(the review), attached in Appendix A

(b) direct staff to close the project to review the security of supply standards, as listed
in the 2017/18 work programme.

2 Rationale 
2.1 The target for the 2017/18 work programme was to “Complete a review of the Code 

mandated security margins and the SSAD”. The review attached in Appendix A satisfies 
this target.  

2.2 The Board can approve recommendation 1.1(b) because: 

(a) the recalculated winter energy margin for New Zealand is largely unchanged from
the current margin in the Code

(b) while a winter energy margin for the South Island is unnecessary, there is little
adverse effects with maintaining it

(c) the winter capacity margin for the North Island is, in effect, largely unchanged from
the current margin in the Code  While it has flaws that likely misleads stakeholders,
these can largely be overcome with improved communication

(d) removing this project from the 2018/19 work programme is aligned with the Board’s
desire to focus on fewer, higher priority projects.

3 Next steps 
3.1 Staff will: 

(a) inform the system operator that the Authority will not go to consultation for the
reasons outlined in 2.2

(b) prepare a Market Brief article which communicates to stakeholders that a review has
been completed and the Authority is satisfied with the current standards. If practical,
this will be coordinated with any other communication regarding re-prioritisation of
the 2018/19 work programme.

4 Background to the security of supply standards 
4.1 The winter energy margin (WEM) and winter capacity margin (WCM) security of supply 

standards are key parts of the framework for monitoring medium-term security of supply. 

(a) The WEM security of supply standards are used to assess whether there will be an
efficient level of reserve generation and south-flowing transmission capacity to
manage extended dry sequences.
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6 There are risks with closing the project early 
6.1 The standards are about six years old. As such, failing to update the current standards: 

(a) may portray that the Authority has lost interest in promoting security of supply

(b) may create reputational risk given the government policy focus on an orderly
transition to a low-carbon future means stakeholders will be increasingly focused on
understanding generation.

6.2 The current standards include unnecessary and misleading margins. 

(a) The review has shown the SI-WEM is unnecessary. Retaining it will:

(i) force the system operator to continue to expend effort to undertake analysis

(ii) mean some readers will continue to mistakenly draw meaning from it.

(b) The review has found that the WCM is misleading. Retaining it in its current form
means that:

(i) some readers of the system operator’s annual assessments will still
misinterpret the results

(ii) if there are changes to the amount of reserves actually procured by the
system operator, or changes to the proportion of those reserves provided by
interruptible load, the system operator’s annual assessments will be unable to
adjust as those factors are ‘baked in’ to the current standards.

6.3 As the project is 65 per cent complete (by timeframe, and more than that by effort) and on 
track for delivery in November 2018, closing the project now forgoes an opportunity for the 
Authority to be seen as completing work it starts. 

6.4 Staff planned a more fulsome examination of the standards framework in the next few 
years. Closing the project now may: 

(a) accelerate the need for the future review of the standards framework, by retaining
standards that cannot adjust for actual uptake of distributed generation and actual
performance of grid-scale wind generation

(b) compromise that future review by not seeking submissions on the future of the
standards framework.

7 Attachments 
7.1 The following item is attached to this paper: 
   (a) Draft information paper “Winter Security of Supply Standards"
   (b) Concept "Review of security margins modelling"
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Meeting date: 28 June 2018 

Appendix A Draft information paper “Winter Security of 
Supply Standards” 
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Meeting date: 28 June 2018 

Appendix B Concept review of security margins modelling 
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www.concept.co.nz 

Review of security margins modelling 

Prepared for Electricity Authority 

Version 1.3 
6 June 2018 
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About Concept 

Concept Consulting Group Ltd (Concept) specialises in providing analysis and advice on energy-related 
issues. Since its formation in 1999, the firm’s personnel have advised clients in New Zealand, Australia, 
the wider Asia-Pacific region and Europe. Clients have included energy users, regulators, energy 
suppliers, governments, and international agencies. 

Concept has undertaken a wide range of assignments, providing advice on market design and 
development issues, forecasting services, technical evaluations, regulatory analysis, and expert 
evidence. 

Further information about Concept can be found at www.concept.co.nz. 

Disclaimer 

While Concept has used its best professional judgement in compiling this report, Concept and its staff 
shall not, and do not, accept any liability for errors or omissions in this report or for any consequences 
of reliance on its content  conclusions or any material, correspondence of any form or discussions, 
arising out of or associated with its preparation. 

© Copyright 2018 

Concept Consulting Group Limited 

All rights reserved 
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Executive summary 

The system operator publishes an annual assessment against the energy security of supply standard 
(energy standard) and capacity security of supply standard (capacity standard).  

The purpose of the assessment is to determine whether New Zealand has enough generation to 
provide an efficient level of reliability – both in terms of managing dry-year risk and meeting peak 
demand. 

The standards indicate the average level of spare generation on the system, both in terms of capacity 
and energy, that is desirable to cover contingencies such as power station breakdowns. 

At present: 

• the energy standard is a winter energy margin for New Zealand of 14-16% over expected
national demand and a winter energy margin for the South Island of 25.5-30% over expected
South Island demand

• the capacity standard is a winter capacity margin for the North Island of 630-780 MW over
expected North Island peak demand.

The Electricity Authority (Authority) is currently reviewing these energy and capacity standards. 
As part of its review, it has used modelling to determine proposed new values for the standards.  

The Authority has retained Concept to review the Authority’s modelling. This report sets out the 
findings of Concept’s review.  

The Authority’s work is not yet complete. So far, the main focus has been on the key modelling task 
of determining a ‘threshold scenario’ (i.e. the optimised scenario on which the margin is based). 
Accordingly, Concept’s review focuses mainly on this task. 

With regard to the modelling for the energy standards, Concept: 

• considers that the formulation of the DOASA model used is fit for purpose

• has not been asked to check the code of the DOASA model

• agrees with the input assumptions, except where noted, and has checked that the inputs
actually used in the modelling are consistent with the stated inputs

• has repeated one DOASA run and obtained identical results to the Authority

• raises some ssues relating to the model formulation and assumptions, for consideration.

The Authority proposes to remove the South Island energy standard, leaving only the national energy 
standard. Concept agrees that this appears reasonable. Concept has inspected the supporting analysis 
at a high level and found no errors.  

With regard to the modelling for the capacity standard, Concept: 

• considers that the formulation of the R model used is fit for purpose

• has found no errors in the code or input assumptions

• has successfully reproduced the Authority’s results

• raises some minor issues relating to the model assumptions, for consideration.
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1 Introduction 

Under Clause 7.3 of the Electricity Industry Participation Code 2010 (Code), the system operator 
publishes an annual assessment against the energy security of supply standard (energy standard) and 
capacity security of supply standard (capacity standard), where: 

• the energy standard is a winter energy margin for New Zealand (NZ-WEM) of 14-16% over 
expected national demand and a winter energy margin for the South Island (SI-WEM) of 25.5-
30% over expected South Island demand 

• the capacity standard is a winter capacity margin for the North Island (WCM) of                        
630-780 MW over expected North Island peak demand. 

These standards were last set in 2012.1 The 2012 analysis was based on the following assumptions: 

• the national energy standard was the level of NZ-WEM at which the marginal cost of adding dry-
year backup generation equalled its marginal benefit in terms of reducing energy shortfall  

• the South Island energy standard was the level of SI-WEM at which the marg nal cost of adding 
dry-year backup generation in the South Island equalled its marginal benefit in terms of reducing 
South Island energy shortfall (assuming a surplus of North Island generation) 

• the capacity standard was the level of WCM at which the marginal cost of adding thermal peaking 
generation equalled its marginal benefit in terms of reducing North Island capacity shortfall  

• each standard consisted of a range of values, rather than a single value – reflecting that there was 
a range of scenarios over which the conditions above approximately hold. 

The Electricity Authority (Authority) is currently reviewing the values of these standards. As part of its 
review, the Authority has used modelling to determine proposed new values for the standards.  

The Authority has retained Concept to review the Authority’s modelling – specifically, to “review the 
methodology and assumptions the Authority proposes to use, to help ensure they are fit for purpose”.  

Concept has not examined the code of the DOASA model. This was placed out of scope by the 
Authority. 

This report sets out the findings of Concept’s review. It is divided into two sections, covering the 
energy and capacity standards respectively. 

1.1 Materials to review 

The Authority has supplied Concept with the following materials: 

• common to both modelling tasks: 

­ a document setting out modelling assumptions 

­ a slideshow setting out modelling results 

• for the energy modelling task: 

­ a spreadsheet of inputs to the DOASA2 model  

­ code used to prepare some of those inputs 

­ inputs in CSV format, and raw model output, for a series of DOASA model runs  

                                                           
1   Consultation paper: https://www.ea.govt.nz/dmsdocument/13400  
     Decisions and Reasons paper: https://www.ea.govt.nz/dmsdocument/13936  
2   The DOASA model is described later in this report. 
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­ code to convert raw DOASA outputs to summary tables 

­ those summary tables  

• for the capacity modelling task: 

­ a spreadsheet of inputs to the R model  

­ base case inputs to the model in CSV format 

­ all code used to perform the modelling 

­ a spreadsheet of outputs from the R model. 

The Authority has noted that code, model inputs and documentation may change after the conclusion 
of Concept’s review. 

1.2 Terminology 

Energy security refers to the ability to manage the risk of shortage of fuel (in the broad sense, including 
water for hydro generation); capacity security refers to the ability to meet demand on a half-hour by 
half-hour basis. Energy security is typically tested in dry winters (i.e. those when hydro lakes fall to 
relatively low levels, driven at least in part by sustained low inflows), capacity security in winter peak 
demand periods when there are generation and/or transmission outages  

Throughout this report, we distinguish between standards and metrics. The energy and capacity 
standards of 14-16%, 25.5-30% and 630-780 MW are standards, while NZ-WEM, SI-WEM and WCM 
are metrics. A standard is a threshold expressed in terms of a metric. For example, in a sign that says 
“Children must be at least 130 cm tall to use this slide”, the standard is 130 cm, and the metric is 
measuring the child’s height (in centimetres). 

It is the Authority’s role to define the metrics and determine the standards, and the system operator’s 
role to evaluate the metrics for a range of future scenarios and compare them to the standards. 

1.3 Focus of Concept’s review 

In Concept’s view, the determination of each standard comprises four tasks: 

1. using modelling to determine a ‘threshold scenario’ in which the marginal cost of adding 
additional firm generation (or, perhaps, some other form of capacity) is estimated to equal its 
marginal benefit in terms of reducing shortfall 

2. choosing a metric (including defining its units and how it is to be calculated) 

3. calculating a ‘point estimate’ of the standard (e.g. WCM = 720 MW) as the value of the metric 
under the threshold scenario 

4. widening the point estimate into an interval (e.g. WCM = 670 – 770 MW), having regard to the 
range of scenarios for which the marginal cost approximately equals the marginal benefit, the 
uncertainties in the analysis, and the ways in which the power system could develop over the 
next few years. Sensitivity analysis is important here. 

The materials supplied by the Authority to date focus on task 1 above (i.e. using modelling to 
determine a ‘threshold scenario’). Concept understands that the Authority is still considering tasks           
2-4. Task 1 is, therefore, the main focus of Concept’s review. 

In the course of its review, Concept has: 

• commented on the suitability of the models used, with reference to the model structure and 
underlying assumptions 
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• examined the code of the R model used for the capacity analysis (without carrying out a full 
software audit) 

• checked the explicit input assumptions used (e.g. demand, generation, etc) 

• reproduced results for the central, or “base case”, scenario 

• reviewed the methodology for using model results to determine a ‘threshold scenario’ 

• inspected (but not checked in detail) the sensitivity analysis carried out by the Authority. 
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2 The energy standard 

2.1 Summary of the Authority’s analysis 

DOASA is a hydrothermal model of the NZ electricity system. A version of the DOASA model has been 
developed for the Authority by Stochastic Optimization Limited. DOASA documentation is available on 
the internet3, and the Authority intends to allow the public to use the model itself at a later date. 

The Authority has used DOASA to find the ‘threshold scenario’, by iterating over a succession of 
scenarios with progressively increasing amounts of generation capacity. The base case is similar to the 
actual power system but with a large amount of North Island thermal generation removed (resulting 
in substantial energy shortfall). Each successive scenario adds more firm generation (modelled as 
thermal) in one or both islands, until a cost-minimising point is reached. 

Each scenario uses 84 hydro inflow sequences, uses average initial storage levels (as at 1 January),4 
and runs for one calendar year.  

The Authority chooses a NZ-WEM metric and calculates a point estimate of the national energy 
standard, which is 8.5%.5 Presumably the Authority will proceed to broaden this to an interval 
estimate. 

The Authority then carries out various sensitivity analyses. 

2.2 Suitability of the model used 

DOASA is fit for purpose, in that it is a hydrothermal model with three nodes, a weekly time step and 
three load blocks. Concept is not aware of any errors in the DOASA formulation. Concept has not seen 
the DOASA code, and reviewing this code was placed out of scope. 

Water valuation is the heart of a hydrothermal model, and contributes most of the complexity and 
run time of DOASA. Concept recommends that the Authority should keep monitoring the water values 
produced by DOASA, to make sure that they are reasonable.  

Concept notes that: 

• DOASA does not appear to model intra-week constraints on generation in much detail. In the
model, both thermal and hydro generation appear to be able to cycle from high output in the
top load block to low output in the bottom load block (or vice versa) relatively freely. Unit
commitment is not considered.

• As currently configured, DOASA does not appear to model the cost structure of thermal
generation in much detail. For each fuel (coal, gas, diesel), a single price (in $/GJ) is used at all
times. In particular, DOASA does not currently reflect that the marginal cost of fuel may at
times be lower than average (e.g. take-or-pay gas) or higher than average (e.g. contracting
additional gas in a dry year).

• In the process of optimising the hydro release policy, DOASA uses an approximate
representation of correlations between inflows from week to week.

3    https://www.emi.ea.govt.nz/Wholesale/Tools/Doasa  
4    In an earlier iteration of the analysis, the Authority had averaged results over a range of six initial storage 

levels. Concept understands, however, the Authority subsequently found that simply using average initial 
storage produced similar results, while delivering a large reduction in computational time.  

5    Concept understands that the Authority went on to make further changes to the definition of the WEM 
metric, which resulted in a numerically different (lower) value for the national energy standard. 
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• DOASA sometimes yields unusual behaviour in weeks 1 and 52 of the simulated year. This
should not have much effect on the modelling, as only results for winter periods are used.

Concept is not aware how these issues may affect the energy standards (if at all). 

2.3 Quality Assurance (QA) of the input assumptions 

Generation 

The Authority makes various assumptions about the generation fleet. 

It is not essential that these assumptions be 100% accurate. Minor to moderate changes to the 
assumptions about the amount of generation and how it is operated would not have a substantial 
effect on the value of the energy standard, providing the assumptions used in DOASA were consistent 
with those used in the Authority’s evaluation of the WEM metric. 

Nevertheless, Concept has checked the generation assumptions and found no obvious errors. 

The methodology removes much of the existing thermal fleet. Concept notes that this means there is 
assumed to be no existing thermal generation with a short-run marginal cost (SRMC) over $100/MWh. 
In contrast, the real power system includes Whirinaki, with an SRMC of very approximately 
$400/MWh, as well as various gas-fired peakers whose fuel costs may also be high if run at unusually 
high load factors during a dry winter (owing to the cost of sourcing additional gas at short notice). 
Additional capacity that is added back in for different scenarios has a modelled SRMC of approximately 
$110/MWh. This may be too high for baseload thermal generation, and too low for peaking thermal 
generation. Concept is unclear how this simplification may affect results. 

The Authority should explain that Hawea and some Pukaki contingent storage is included, and why, 
and that this represents a significant change in the model of the system since the standards were last 
derived in 2012, and what effect this has on the standard. 

Concept notes that Hawea and Pukaki contingent storage is modelled as being accessible at all times 
and at no additional cost. This may result in the contingent storage being used more frequently in the 
model than it would be in reality. Concept is unclear how this simplification may affect results, but 
notes that any error introduced must be less than the difference between the base case and the ‘no 
contingent storage’ sensitivity. One possible solution would be to apply a penalty to the use of 
contingent storage in DOASA s objective function, which would encourage the model to use normal 
storage before contingent storage. 

Demand 

The Authority models demand for generation,6 making assumptions about demand by week, load 
block and node.  

Concept has checked the demand assumptions and considers them broadly reasonable. 
The seasonality of demand, the shape of the load duration curve, and the breakdown between North 
Island and South Island demand are modelled appropriately. The Authority has clearly explained how 
transmission losses and embedded generation have been treated. 

Transmission 

The transmission assumptions appear broadly reasonable, although Concept cannot rule out the 
possibility that the analysis fails to consider some factor that limits inter-island transfer capability. 

6    i.e. demand plus transmission and distribution losses. Throughout this report, ‘demand’ refers to demand 
for generation. 
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Transpower will be best placed to provide further comment on the validity of assumptions on usable 
transfer capacity from Bunnythorpe to Haywards and Haywards to Benmore under dry conditions. 

Shortage costs 

The energy standard is sensitive to the assumptions about shortage costs. Concept understands that 
the Authority plans to review its shortage cost assumptions in future. Concept recommends that, 
when doing so, the Authority breaks down the shortage cost curve into tranches labelled as: 

• voluntary demand reductions resulting from exposure to high prices 

• official conservation campaigns (if these are modelled – they may be deliberately excluded) 

• rolling outages 

• load shedding under grid emergency provisions. 

This distinction will make it easier to assess whether the assumed shortage costs are reasonable. 

Concept further recommends that: 

• voluntary demand reductions and official conservation campaigns (if modelled) combined 
should make up no more than 10% of mass-market load (based on past experience)7  

• even shallow rolling outages should be priced in excess of $10,000/MWh. The Authority 
should not assume that rolling outages would only affect low-value loads; an examination of 
participant rolling outage plans will show that some medium- to high-value loads would also 
be shed.8 

2.4 Reproducing the Authority’s results 

Concept has repeated one of the Authority’s DOASA runs and obtained the same results as the 
Authority did. This includes both the “policy” step, which determines optimal hydro release policy, 
and the “simulation” step, which uses the optimal hydro release policy to simulate operation of the 
power system. 

2.5 Methodology for using model results to determine a ‘threshold scenario’  

The threshold scenario is the scenario minimising (shortage costs + fixed costs of added generation + 
operating cost of all existing thermal generation + operating costs of added generation), considered 
over a range of different amounts of reserve generation. This approach is analogous to finding the 
scenario where the marginal cost of building and operating new generation (modelled as thermal) 
equals the marginal benefit in terms of reducing shortage.  

Concept has checked this calculation and detected no errors. 

At first glance, it might be supposed that the threshold scenario should simply minimise (shortage 
costs + fixed costs of added generation + operating cost of added generation), leaving out the 
operating cost of existing thermal generation. This approach would be incorrect, however. The 
approach of including the full operating cost of the entire thermal fleet is correct, because it takes into 
account the effect of added generation on the operating costs of existing thermal generation. 

Concept recommends, however, that the cost measure to be minimised should also include reductions 
in end-of-period hydro storage. If expended thermal fuel is costed in, then expended hydro ‘fuel’ 
(water) should also be costed in. 

                                                           
7    See paras 3.4.8-20 of https://www.ea.govt.nz/dmsdocument/8138 
8    https://www.transpower.co.nz/system-operator/security-supply/rolling-outage-plans  
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The Authority assumes that the fixed cost of added generation is $88/kW/year (including FOM). This 
is notably lower than was used in the derivation of the energy and capacity standards in 2012.  

The above value is based on the capital costs and fixed operating and maintenance costs of an open 
cycle gas turbine (OCGT) from MBIE’s “Electricity Demand and Generation Scenarios 2016” (EDGS)9. 
Assumptions about lifespan, tax rate, inflation and weighted average cost of capital (WACC) are used 
to convert the capital cost to an annual cost. The analysis assumes: 

• the capital life expectancy (capexLife) of 30 years 

• the weighted average cost of capital (WACC) of 6%.  

It is Concept’s view that a life expectancy of 30 years is too long for an OCGT on the margin.  In 
Concept’s experience, investors in peaking plant would typically assume a shorter economic 
timeframe (approx. 20 years).  

Concept also considers that a WACC of 6% appears relatively low. In the Commerce Commission’s 
latest WACC publication, the mid-point “vanilla” WACC for Transpower was estimated at 5.29% based 
on an asset beta of 0.34.10 We consider investment in peaking generation to be riskier than investing 
in regulated monopolies, and so would expect a higher asset beta and WACC to apply. A point of 
comparison is material published by the Competition and Markets Authori y in Great Britain – which 
estimated the asset beta for generation to be 0.5-0.6 and the WACC to be 7.9-9.7%.11 

The annualised capital cost is relatively sensitive to the lifetime and WACC assumptions. For example, 
a lifespan of 20 years and a WACC of 8.5% would produce an annualized capital cost of $120kW/yr 
(including FOM). However, we note that the WEM threshold scenario is relatively insensitive to the 
annualized capital cost of peaking generation. 

We recommend the Authority: 

• carry out, and publish, sensitivities on the fixed cost of added generation 

• seek feedback on its assumed capital recovery factor in the consultation process. 

2.6 Draft work on the WEM metric and energy standard 

The Authority proceeds to choose a NZ-WEM metric and calculate a point estimate of the national 
energy standard. Concept understands this work should still be treated as provisional, and has only 
one comment at this stage. 

The metric includes a term “expected total hydro energy cleared from week 14 to 39 estimated by the 
market simulation over 84 inflow sequences”. This term is somewhat onerous to calculate as it 
requires a hydrothermal model, and the result of the calculation depends on what model is used and 
what assumptions are made. If the Authority considered it important to have a metric that could be 
calculated quickly and easily (i.e. on the proverbial back of an envelope), then it should use a measure 
of potential hydro generation that did not require hydrothermal modelling.  

Concept appreciates, however, that enabling ‘back-of-an-envelope’ calculation may not be a priority 
for the Authority. 

                                                           
9    Capital cost of $1,165/kW, fixed operating and maintenance costs of $16.4/kW/year 
10   See www.comcom.govt.nz/dmsdocument/15656  
11   See www.assets.publishing.service.gov.uk/media/54edfe9340f0b6142a000001/Cost of capital.pdf. The 

estimates for Great Britain will not be directly comparable for New Zealand because of differences in risk 
free rates, tax rates etc. However, the asset beta estimates are directly comparable. 
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2.7 Sensitivity analysis 

A good range of sensitivities is provided.  

As previously mentioned, the result should also be sensitised against higher/lower fixed costs of added 
generation. It could also be useful to test sensitivity to an increase in the probability of a dry hydro 
sequence. 

The result of the ‘50% reduction in VoLL’ sensitivity appeared counter-intuitive, in that it yielded a 
higher energy standard – we would have expected the standard would fall if the cost of unserved load 
was reduced. However, Concept understands that subsequent work, using a more sophisticated 
method of finding the lowest cost scenario, did in fact find a lower standard for this sensitivity. 

2.8 The national energy standard has changed 

The new national energy standard determined by the Authority (8.5% above expected demand)12 is 
markedly different from the standard currently set out in the Code (14-16%). The reasons for the 
difference are not well understood – e.g. it has not been established that “the standard has fallen by 
X% for reason Y, despite a rise of A% for reason B”. However, the difference may be due to some 
combination of the following factors: 

• the way in which the NZ-WEM metric is calculated has changed  

• the input assumptions used in the modelling have changed 

• the model itself has changed. 

As the Authority has changed all three of the above factors simultaneously, it is not clear which 
factor(s) are the main drivers of the change in the standard. This could be established by changing the 
three factors one at a time, sequentially, and observing which change had the greatest impact. 

Concept appreciates, however, that the Authority is more focused on setting efficient standards for 
use going forwards than on making comparisons with a historical benchmark. 

2.9 No South Island energy standard  

Concept understands that the A thority proposes to remove the South Island energy standard, leaving 
only a national energy standard. Concept agrees that this appears reasonable.  

The Authority has carried out modelling to demonstrate that if there was a South Island energy 
standard, it would be very implausible that the South Island WEM would fall below the standard, 
without the national WEM also falling below the national standard. Concept has inspected this analysis 
at a high level and found no errors. 

 

  

 

 

                                                           
12   Concept understands that the Authority has subsequently changed the definition of WEM, and hence the 

numerical value of the energy standard has fallen below 8.5%. The remarks in this section still hold. 
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3 The capacity standard 

3.1 Summary of the Authority’s analysis 

The Authority has prepared a new model using the R programming language.13 This model covers the 
top N winter trading periods in a year. For each trading period, it compares demand to the generation 
stack (considering random outages and inter-island transmission capacity) and determines the 
amount of capacity shortfall (if any). The model does not consider market dynamics such as unit 
commitment. 

The Authority has used this model to find the ‘threshold scenario’, by iterating over a succession of 
scenarios with progressively increasing amounts of firm capacity. The base case has 1000 MW less 
capacity than the actual power system. Each successive scenario increases firm capacity in the North 
Island, until a cost-minimising point is reached. 

The Authority chooses a WCM metric and calculates a point estimate of the capacity standard, which 
is 690 MW14. Presumably the Authority will proceed to broaden this to an interval. 

The Authority then carries out various sensitivity analyses. 

3.2 Suitability of the model used 

The Authority’s new R model is similar, but superior, to the convolution model used in the process of 
determining the capacity standard in 2012. The main difference is that the 2012 convolution model 
used Monte Carlo simulation, whereas the Authority’s new model is deterministic. The deterministic 
approach is superior because the results do not depend on the choice of random number seed. 

As such, Concept considers that the Authority’s new R model is fit for purpose. 

A minor issue is that the Authority’s new R model covers only 500 winter trading periods per year 
(c.f. the modelling used in 2012 which covered the entire year). This approach misses small amounts 
of shortfall occurring outside the top 500 periods, as a result of multiple simultaneous generation / 
HVDC outages. However, the Authority’s sensitivity analysis shows that this issue is not material –             
i.e. moving to 1000 periods would not substantially increase the standard.  

A previous review of the security standards carried out in 2008 used not only an R model, but also a 
‘chronological model’, which could model the operation of the power system over the course of an 
outage. The take-away from the chronological model was that some hydro schemes (Waikato, 
Matahina, Patea, Tokaanu  should be de-rated in the calculation of WCM, because they are unable to 
operate at full output for the duration of extended thermal generation and/or HVDC outages. In 2012, 
and again in the Authority’s current review of the security standards, this finding was incorporated 
into the R modelling. Accordingly, further chronological modelling is not needed. 

3.3 QA of the model code 

Concept has: 

• checked the R code on a line-by-line basis 

• traced selected key parameters from input assumptions, to intermediate workings, to output 
quantities. 

                                                           
13   R is a general-purpose programming language, often used for statistical analysis –                                                  

see https://www.r-project.org/  
14    Concept understands that the Authority went on to make further changes to the definition of the WCM 

metric, which resulted in a numerically different (lower) value for the capacity standard. 
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No errors were detected. 

Caveat: this QA does not represent a full software audit. 

3.4 QA of the input assumptions 

Generation 

The Authority makes various assumptions about generation capacity, which are split between the 
input data files and the R code.  

It is not essential that these assumptions be 100% accurate. Minor to moderate changes to the 
generation assumptions would not have a substantial effect on the value of the capacity standard, 
providing the assumptions used in the R model were consistent with those used in the Authority’s 
evaluation of the WCM metric. 

Nevertheless, Concept has checked the generation assumptions and found no obvious errors.  

The convolution approach assumes all different types of uncontrollable generation15 are independent 
from each other, while generation of the same type is correlated according to historical output. This 
approach may not pick up some correlation between different types of generation, and Concept 
suggests investigating this further with a sensitivity where all uncontro lable generation combined is 
modelled according to historical output. 

The R model applies a 60 MW derating to the maximum output of the Waikato system, reflecting that 
the scheme may not be able to continue operating at maximum output for the duration of an extended 
generation outage. However, the R model assumes that the Lower Waitaki and Clutha schemes can 
deliver maximum output whenever needed, subject only to a 2% forced outage rate applied to each 
unit. Concept considers these assumptions are broadly reasonable.  

Demand 

The Authority makes assumptions abou  demand for generation in the top 500 trading periods per 
year.  

As with generation, it is not essential that these assumptions be 100% accurate. (The Authority’s 
sensitivity analysis shows that an upward or downward shift in assumed demand does not have a 
substantial effect on the value of the standard.)  

Nevertheless, Concept has checked the demand assumptions and considers them broadly reasonable. 
The shape of the load duration curve, and the correlation between North Island and South Island 
demand, are modelled appropriately. The Authority has clearly explained how transmission losses and 
embedded generation have been treated. 

Inter-island transmission 

The inter island transmission assumptions appear broadly reasonable. Transpower will be best placed 
to provide further comment on the validity of assumptions on (usable) HVDC capacity, losses, and 
monopole and bipole outage rates. 

Ancillary services 

Assumptions on instantaneous reserve (IR) requirements and interruptible load availability appear 
broadly reasonable. 

                                                           
15   ‘Uncontrollable generation’ includes wind generation, run of river hydro, geothermal, co-generation plant 

and miscellaneous ‘small stations’ 
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Frequency keeping does not appear to be modelled – the Authority should briefly set out the reason 
for this omission. 

Shortage costs 

The capacity standard is sensitive to the assumptions about shortage costs. Concept understands that 
the Authority plans to review its shortage cost assumptions in future. Concept recommends that, 
when doing so, the Authority breaks down the shortage cost curve into tranches labelled as: 

• voluntary energy demand response

• involuntary energy curtailment

• potentially, IR shortfall (having regard to the amount of IR shortfall that can be permitted when
there is a high level of northwards HVDC transfer).

This distinction will make it easier to assess whether the assumed shortage costs are reasonable. 

Published studies of the value of lost load (VoLL) may be informative about the cost structure of the 
second tranche above (involuntary energy curtailment). This tranche could be split into several sub-
tranches of increasing marginal cost. 

3.5 Reproducing the Authority’s results 

Concept has rerun the R model and successfully reproduced the Authority’s base case results. 

3.6 Methodology for using model results to determine a ‘threshold scenario’ 

The Authority determines the threshold scenario as the scenario minimising (shortage costs + fixed 
cost of added generation + variable cost of added generation in periods where there is shortfall), 
considered over a range of different amounts of added generation. This approach is analogous to 
finding the scenario where the marginal cost of adding new generation equals its marginal benefit in 
terms of reducing shortage (as per Section 1)   

Concept has checked this calculation and detected no errors. 

The Authority assumes that the f xed cost of added generation is $144/kW/year. This is a different 
value from that used in the energy modelling, because it is based on a different type of generation 
(reciprocating diesel units)  Concept agrees that it is appropriate to use different cost assumptions for 
the two analyses, given that dry-year reserve capacity could operate rather differently from peaking 
capacity. 

The capacity standard is sensitive to the assumed fixed cost of added generation. Concept considers 
that this assumption, based on the cost of a reciprocating diesel unit, is broadly appropriate for this 
purpose. Notwithstanding this, Concept’s comments on capital recovery factors in Section 2.5 also 
apply here. 

3 7 Draft work on the WCM metric and capacity standard 

The Authority proceeds to choose a WCM metric and calculate a point estimate of the capacity 
standard. Concept understands this work should still be treated as provisional, and has only two 
comments at this stage: 

• the Authority should consider what capacity factor to use for new wind in the WCM metric
(in other words, how much perfectly reliable thermal peaking generation would be needed to
provide the same capacity benefit as 100 MW of new wind generation?)

• the calculation of HVDC contribution in the WCM metric is a little onerous, as it requires
convolving South Island net supply with HVDC outages. It cannot be carried out ‘on the back
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of an envelope’. Concept appreciates, however, that enabling ‘back-of-an-envelope’ 
calculation may not be a priority for the Authority. 

3.8 Sensitivity analysis 

A good range of sensitivities is provided. 

VoLL could perhaps be varied by more than +/-10%. The sensitivities titled ‘10pct_DC_outage’, 
‘5pct_DC_outage’ and ‘Wind_only’ seem unrealistic and could perhaps be omitted.  

The result of the ‘840 MW HVDC limit’ scenario (a decrease in the capacity standard) may be counter-
intuitive to some readers, who might reason that a lower HVDC limit would reduce North Island 
capacity security, resulting in a higher security standard being required. We consider, however, that 
it makes sense upon reflection – given that a change to the HVDC limit acts to reduce the WCM metric 
as well as the standard. This sensitivity would benefit from further explanation. 

Some sensitivities seem to be affected by a small ‘random’ error of up to about 10 MW. 
We understand this is a result of discretisation in the method. 

3.9 The capacity standard has not changed much in numerical terms 

The new capacity standard determined by the Authority (690 MW)16 falls within the standard currently 
set out in the Code (630-780 MW). Nonetheless, the level of generation surplus represented by the 
standard may have changed, because the new WCM metric is different from the status quo WCM 
metric. The difference between the two metrics is not fundamental – both are measures of WCM, 
both are driven by the gap between winter peak supply and demand in MW terms – but nevertheless 
the two metrics are calculated in different ways and therefore take different values.17 

If the Authority wanted to establish whether the meaning of the standard had changed, it could be 
helpful to calculate what the value of the new standard would have been if the status quo WCM metric 
had been retained. 

Concept appreciates, however, that the Authority is more focused on setting efficient standards for 
use going forwards than on making comparisons with a historical benchmark. 

16   Concept understands that the Authority has subsequently changed the definition of WCM, and hence the 
numerical value of the capacity standard has fallen below 690 MW. The remarks in this section still hold. 

17   For instance, the new metric assigns a higher value to existing wind generation than the status quo metric. 
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