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Executive Summary 

Power and Water Corporation (PWC), as the network service provider for the Northern Territory (NT), is 
obligated under the National Electricity Law and Northern Territory National Electricity Rules (NEL and NT NER) 
to ensure their system and supply of electricity is run efficiently, safely, reliably, and securely whilst maintaining 
quality and minimising the price impacts to electricity consumers1.  

As part of this obligation, PWC must provide system demand forecasts, which satisfy the Australian Energy 
Regulator’s (AER’s) regulations surrounding network planning, capital expenditure and pricing2. Additionally, 
these forecasts serve internal business requirements for finance, pricing and network planning business units3. 

Demand itself and the ability to forecast it is impacted by a variety of evolving demand forecast drivers. These 
include the rapid growth of behind-the-meter (BTM) solar PV and battery storage, as well as continued 
electrification of buildings and the emergence of electric vehicle (EV) transportation, and the COVID-19 global 
pandemic. As a result, industry forecasting practices are changing. 

PWC engaged Energeia to produce system forecasts of annual minimum and maximum demand for each region 
in PWC’s network to 2031-32. These regions are Darwin-Katherine, Alice Springs, and Tennant Creek. The 
forecasts were to be accompanied by sufficient documentation (i.e., this report) to withstand AER scrutiny, and in 
particular were to demonstrate that the forecasts satisfy PWC’s key NT NER obligations, namely that they 
present a realistic expectation of demand. 

Scope and Approach 

Energeia worked closely with PWC to develop the following scope and approach for this project: 

1. Document Requirements – Energeia reviewed the regulatory framework, recent regulatory 
determinations and engaged with stakeholders to define the key forecasting requirements  

2. Identify Industry Best Practices – Energeia benchmarked peer-Distributed Network Service Provider 
(DNSP) forecasting methodologies from recent regulatory cycles to identify industry best practices. 

3. Develop Procedure – Based on the outcomes from steps 1 and 2, Energeia developed a best practice, 
fit-for-purpose procedure for producing demand forecasts. 

4. Gather Inputs – Energeia gathered the most recent inputs from PWC, as well as a variety of external 
inputs from reputable sources, for use in the forecasting methodology optimisation and forecasts. 

5. Forecast Demand – Energeia implemented the developed forecasting methodology to produce 
forecasts to 2031-32 of maximum and minimum system demand for each region in PWC’s network. 

6. Model Validation – Energeia worked closely with PWC subject matter experts (SMEs) to validate the 
methodology, inputs, and outputs of the demand forecasting model. 

7. Documentation – Energeia provided documentation for the produced forecasts, including presentation 
materials and this report. 

Key Requirements 

The NT NER covers the key regulatory requirements for PWC in regard to minimum and maximum demand 
forecasting. NT NER Section 6.5.7 requires capital expenditure forecasts to be provided for the relevant 
regulatory period in building block proposals. These proposals must meet or manage expected demand, and the 
AER must accept the capital expenditure forecasts if they reflect a realistic expectation of demand4.  

 

1 National Electricity (South Australia) Act 1996, Part 1, Section 7 – National Electricity Objective 

2 See Sections 1.1.1, 1.1.2, and 1.1.3 

3 See Section 1.2 

4 National Electricity Rules as In Force in the Northern Territory Version 96 – Section 6.5.7(a) and 6.5.7(c) 
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NT NER Section 6.18.5 covering Network Pricing Principles requires expected tariff revenue to reflect the 
efficient cost of serving the customer5, which require an accurate minimum and maximum demand forecast to 
achieve. 

Energeia worked with PWC to identify the key business requirements for minimum and maximum demand 
forecasts. System minimum and maximum demand forecasts are a key component of PWC’s finance, pricing, 
and network planning functions. They are one of the key forecasts used in capital and operating expenditure 
program development and are also used to reconcile demand forecasts PWC produce at levels below the system 
(i.e., sub-transmission, zone substation and feeder levels). 

Industry Best Practice 

Energeia reviewed over 53 documents from AEMO and Australian DNSPs regarding their network forecasting 
methodologies including connections and min/max demand. This was completed to ensure that the demand 
forecasting methodology selected for this project are considered best practice based on previous regulator 
feedback to DNSPs. 

Energeia’s research found that the industry appears to be moving from a trend-based forecasting approach for 
connections and demand to a more sophisticated approach using multifactor regression, and more novel 
techniques, including agent-based simulation. AEMO has updated its demand forecasting methodology to now 
be based on a combination of a machine learning model for hourly loads and an extreme value model. 

Other key trends in demand forecasting include: 

• Consideration of electric vehicle, battery and demand management forecasts; 

• The emergence of using spatial forecasts to improve connection and demand forecast accuracy; 

• The inclusion of minimum demand forecasting; and 

• Accounting for demand shocks, e.g. COVID, temporary / permanent mine shutdowns. 

Energeia considered the above key findings when developing and implementing a best practice, fit-for-purpose 
regional system min/max demand forecasting methodology for PWC. 

Methodology 

The methodology that Energeia developed and implemented utilised dynamically optimised, multi-factor 
regression as the core forecasting technique, consisting of the following key steps: 

1. Develop Demand Forecasting Procedure – Energeia developed a fit-for-purpose demand forecasting 
procedure that satisfied the key requirements and reflected industry best practice 

2. Data Gathering and Processing – Energeia processed load profiles provided by PWC for outages, 
historical spot loads and weather normalisation. 

3. Forecast Model Optimisation – Energeia identified the optimal model parameters given fitness, sign 
and p-value, then post-processed spot and EV loads and adjusted to FY22 actuals. 

4. Validate Optimised Results – Energeia reviewed the technically optimised forecasts against historical 
trends and validated them with comparisons to published forecasts6 and sharing with PWC stakeholders 
prior to finalisation. 

A detailed discussion of the above steps and key inputs is presented in Section 3 and Section 4. 

  

 

5 Ibid. Section 6.18.5(g) 

6 AEMO for NT Utilities Commission, 2022 Northern Territory Electricity Outlook Report Data  
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Disclaimer 

While all due care has been taken in the preparation of this report, in reaching its conclusions Energeia has 
relied upon information and guidance from Power and Water Corporation, and other publicly available 
information. To the extent these reliances have been made, Energeia does not guarantee nor warrant the 
accuracy of this report. Furthermore, neither Energeia nor its Directors or employees will accept liability for any 
losses related to this report arising from these reliances. While this report may be made available to the public, 
no third party, with the exception of the Australian Energy Regulator, should use or rely on the report for any 
purpose. 

 
For further information, please contact: 

Energeia Pty Ltd 

Level 1, 1 Sussex St 
Barangaroo NSW 2000 

T: +61 (0)2 8097 0070  
E: info@energeia.com.au W: www.energeia.com.au
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1. Background 

Power and Water Corporation (PWC), as the network service provider for the Northern Territory (NT), must 
maintain their network infrastructure so that they are able to provide their customers with access to electricity7. 
For the prudent, efficient and reliable8 supply of electricity, the network must have the capacity to support the 
peak demand of its customers at all levels of the network. Minimum demand can additionally put strain on the 
network, particularly with the continued growth of behind-the-meter PV electricity exports which PWC are 
required to support9. 

As a result, forecasting the reasonably likely minimum and maximum demand in the network over the next 
regulatory period is essential for informing prudent and efficient infrastructure planning and expenditure. 

1.1. Regulatory Requirements 

PWC are regulated by the Australian Energy Regulator (AER) under the NT National Electricity Rules (NT NER). 
The NT NER sets out the regulations governing network forecasts, which are detailed in the following sections. 

1.1.1. Capital Expenditure 

The NT NER Section 6.5.77 states the demand forecasting requirements related to capital expenditure forecast 
justification, which is excepted as follows: 

(a) A building block proposal must include the total forecast capital expenditure for the relevant 
regulatory control period which the Distribution Network Service Provider considers is required in order 
to achieve each of the following (the capital expenditure objectives): 

(1) meet or manage the expected demand for standard control services over that period; 

… 

I The AER must: 

(1) subject to subparagraI(c)(2), accept the forecast of required capital expenditure of a 
Distribution Network Service Provider that is included in a building block proposal if the AER is 
satisfied that the total of the forecast capital expenditure for the regulatory control period 
reasonably reflects each of the following (the capital expenditure criteria): 

… 

(iii) a realistic expectation of the demand forecast and cost inputs required to achieve 
the capital expenditure objectives. 

Energeia defines realistic expectation as being the expectation formed by a reasonable person given the 
circumstances and information available, which was addressed by the application of industry best practice 
methods and appropriate inputs. Appropriate in this case is defined by Energeia as the use of unbiased historical 
inputs consistent with the duration of the output, but also considering major issues in the last five years like 
COVID. 

  

 

7 National Electricity Rules as In Force in the Northern Territory Version 96, Clause 5.2.1(a) 

8 To the extent governed by the value of customer reliability, see https://www.aer.gov.au/system/files/AER%20-
%20Values%20of%20Customer%20Reliability%20Review%20-%20Factsheet%20-%20December%202019.pdf  

9 National Electricity Amendment (Access, Pricing and Incentive Arrangements for Distributed Energy Resources) Rule 2021 
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1.1.2. Pricing 

Forecasts are also used in the Tariff Structure Statement (TSS), which forms part of the IRP. Regarding the use 
of forecasts in the tariff structure statement, the NER state in Section 6.18.510 that: 

(g) The revenue expected to be recovered from each tariff must… 

(17) (1) reflect the Distribution Network Service Provider's total efficient costs of serving the retail 
customers that are assigned to that tariff.  

A reasonably realistic demand forecast is therefore a key input to the development of a NT NER compliant TSS.  

Forecast maximum demand is also a key input to the development of Long-Run-Marginal-Cost (LRMC) 
estimates using the Average Incremental Cost (AIC) methodology. 

1.1.3. Network Planning 

Although not relevant for development of demand forecasts used to drive capex forecasts as part of the Initial 
Regulatory Proposal (IRP), the NT NER also includes forecasting requirements as part of the Distribution Annual 
Planning process, which are listed in NT NER Section 5.13.1:10 

(b) The minimum forward planning period for the purposes of the distribution annual planning review is 5 years 

… 

(d) Each Distribution Network Service Provider must, in respect of its network:  

(1) prepare forecasts covering the forward planning period of maximum demands for:  

(i) sub-transmission lines; 

(ii) zone substations; and  

(iii) to the extent practicable, primary distribution feeders, having regard to: 

(iv) the number of customer connections 

(v) energy consumption; and  

(vi) estimated total output of known embedded generating units. 

Energeia ensured that the proposed forecasting methodology met these requirements and could be applied at 
lower levels of the grid, helping to underpin an internally consistent approach to system and spatial level 
forecasting. 

1.2. Business Requirements 

Energeia worked with PWC to identify the key business requirements for a range of forecasts, including the 
system minimum and maximum forecasts that pertain to this report. Table 1 shows the forecasts needed by 
business function and highlights that system demand forecasts are one of the key forecasts that underpin PWC’s 
system planning, capital and operating expenditure forecasting, finance and pricing. 

  

 

10 National Electricity Rules as In Force in the Northern Territory Version 96 
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1.3. Evolving Forecasting Drivers 

Demand is increasingly being impacted by a variety of emerging drivers which have an effect on both current and 
future regional minimum and maximum demand trends, including: 

• Behind-the-Meter Solar PV – Rooftop PV installations have grown significantly and will continue to 
grow in future11, reducing household consumption and exporting excess generation to the grid. This can 
cause the timing of maximum demand to be shifted outside of daylight hours. Conversely, PV 
generation during peak sunlight hours (where residential demand is typically low) creates falling 
operational demand and can shift the timing of minimum demand to during solar hours. 

• Building and Transport Electrification – Building electrification has been driven by climate policy (e.g. 
Net Zero by 2050), investor benefits, health and safety benefits, risk reduction, and consumer 
preferences12 causing industrial and household appliances to shift from fossil fuels to electrified power 
sources and adding new building loads to the network. Additionally, new sources of electricity demand 
are emerging in the transportation sector through the uptake of Electric Vehicles (EVs), which adds 
charging loads to the network. 

• COVID-19 Pandemic – The global pandemic has impacted international and domestic economies and 
societal behaviours significantly13, including electricity demand14. Uncertainty remains surrounding how 
long behavioural shifts will last, and the extent to which demand will return to pre-pandemic dynamics. 
This adds an additional challenge to long-term minimum and maximum demand forecasting. 

• Large Customers Losses – Large customers, such as mines, can open, or have temporary or 
permanent shutdowns, which can significantly impact load in PWC’s network. Large loads will impact 
both minimum and maximum demand. 

A reasonably likely to occur forecast therefore needs to consider the above evolving drivers in the demand 
forecasting methodology by explicitly including solar PV, EVs, spot loads and COVID-19 as key inputs.  

1.4. Industry Practice 

Energeia carried out a review of over 53 documents from AEMO and Australian DNSPs on their network 
forecasting methodologies, which included minimum and maximum demand forecasting. This was completed to 
ensure that the demand forecasting methodology selected for this project considered best practice and previous 
regulator feedback. This section details the findings of this review. 

1.4.1. AEMO Forecasting Practice 

Energeia firstly reviewed AEMO’s updated minimum and maximum demand forecasting methodology15, which 
used a combination of two models: 

1. Half-Hourly Model – Simulated future half-hourly demand and the impact of PV, battery storage and 
EV. A Machine Learning (ML) algorithm was used to select the best fitting regression variables to drive 
demand. These variables were time-of-day, month, weekend or weekday, public holiday or not, and 
temperature. 

2. Generalized Extreme Value (GEV) Model – Estimated the half-hourly intervals in which maximum and 
minimum demand were expected to occur for the first forecasted year, based on the distribution of 
extreme operational demand (P10 and P50), excluding large industrial loads. For variables, the GEV 

 

11 AEMO, 2022 Integrated System Plan Inputs and Assumptions, 2021 

12 Green Building Council Australia, A Practical Guide to Electrification: For New Buildings, 2022 

13 ABS, Effects of COVID-19 strains on Australian Economy, 2022 

14 AER, State of The Energy Market 2021 

15 AEMO, Electricity Demand Forecasting Methodology Information Paper (2021) 
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Essential 
Energy 

• Valid and reasonable overall forecasting approach 

• Difficult to understand all underlying assumptions of customer number projections but modelling seemingly 
includes similar demand drivers as AEMO 

• Winter and summer growth rates are consistent with AEMO and historical trends 

• Reasonable forecast results 

Ergon Energy 

• Reasonable overall forecasting approach 

• Similar, but more limited set of demand drivers compared to AEMO 

• Trends broadly in line with AEMO’s 

• Could be improved with model and variable specification and adjustments for DER and spot loads post-
modelling 

Source: Energeia, Various AER and DNSP Sources 

Based on our review of the AER’s findings and conclusions regarding recent DNSP maximum and minimum 
demand forecasts and forecasting methodologies, Energeia ensured that the forecasting methodology and inputs 
reflected methodologies and inputs previously approved by the AER, and avoided issues identified by the AER 
as potentially leading to unlikely to occur forecasts. This included using multi-factor regression and considering 
the appropriateness of the following forecast drivers: 

• Weather and calendar effects;  

• COVID-19 effects; 

• economic growth;  

• population growth;  

• household growth;  

• electricity price effects; 

• other energy price effects;  

• network demand management effects; 

• energy efficiency effects; 

• changes in technology; and  

• Government policies. 

Additionally, Energeia considered the key question of the length of historical data used in the forecast, and how 
consistent the resulting forecast was with historical trends and AEMO’s forecast, where available. Energeia also 
took special care when adding factors as part of post modelling adjustments. 

A detailed explanation of our fit-for-purpose, best practice forecasting methodology is presented in Section 3. 
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2. Scope and Approach 

PWC engaged Energeia to develop a new system demand forecasting method that reflects industry best practice 
and is fit-for-purpose based on PWC’s business and regulatory requirements and changing forecasting drivers. 

2.1. Scope 

Energeia was required to provide an annual forecast of maximum and minimum demand at the system level for 
each region in PWC’s network (Darwin-Katherine, Alice Springs, and Tennant Creek) to feed into PWC’s 
regulatory documentation and inform future network planning, capital expenditure and pricing decisions. 

The required forecasts were to provide a 10-year outlook to reach the 2031-32 financial year, from the most 
recent year of historical Transmission and Distribution Annual Planning Report (TDAPR) data (i.e., the 2021-22 
financial year)16. Additionally, the forecasts needed to follow the TDAPR style by including P10, P50 and P90 
probabilities of exceedance.17 

In order to ensure forecasts are repeatable and able to withstand regulatory scrutiny, this report also documents 
the methodology, the key inputs and assumptions used. 

2.2. Energeia’s Approach 

Energeia worked closely with PWC to develop the following scope and approach to meet the project objectives: 

1. Document Requirements – Energeia reviewed the regulatory framework, recent regulatory 
determinations and engaged with stakeholders to define the key forecasting requirements  

2. Identify Industry Best Practices – Energeia benchmarked peer-Distributed Network Service Provider 
(DNSP) forecasting methodologies from recent regulatory cycles to identify industry best practices. 

3. Develop Forecast Procedure – Based on the outcomes from steps 1 and 2, Energeia developed a 
best practice, fit-for-purpose procedure for producing demand forecasts. 

4. Gather Inputs – Energeia gathered the most recent inputs from PWC, as well as a variety of external 
inputs from reputable sources, for use in the forecasting methodology optimisation and forecasts. 

5. Forecast Model Optimisation – Energeia implemented the forecasting procedure to produce forecasts 
to 2031-32 of maximum and minimum system demand for each region in PWC’s network. 

6. Model Validation – Energeia worked closely with PWC Subject Matter Experts (SMEs) to validate the 
methodology, inputs, and outputs of the demand forecasting model. 

7. Documentation – Energeia provided documentation for the produced forecasts, including presentation 
materials and this report. 

  

 

16 Note that forecasts were initially produced with FY21 actuals as the final historical year, but post-model adjusted to the FY22 actuals 
once they were approved for use. See Section 3.3.4 

17 Probability of exceedances outline the percentage likelihood that demand will exceed the forecast due to temperature variances. See 
Appendix C – Weather Normalisation 
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3. Methodology 

This section describes the forecasting methodology Energeia used to develop the minimum and maximum 
demand forecasts for all three PWC networks (Darwin-Katherine, Alice Spring and Tennant Creek), which can be 
summarised into the following key stages: 

1. Develop Demand Forecasting Procedure - Energeia developed a fit-for-purpose demand forecasting 
procedure that satisfied the key requirements and reflected industry best practice 

2. Data Gathering and Processing – Energeia processed load profiles provided by PWC for outages, 
historical spot loads and weather normalisation. 

3. Forecast Model Optimisation – Energeia identified the optimal model parameters given fitness, sign 
and p-value, then post-processed spot and EV loads and adjusted to FY22 actuals. 

4. Validate Optimised Results – Energeia reviewed the technically optimised forecasts against historical 
trends and validated them with comparisons to published forecasts18 and sharing with PWC 
stakeholders prior to finalisation. 

Each stage of the methodology is further explained below. 

3.1. Develop Demand Forecasting Procedure 

Energeia’s demand forecasting procedure is informed by the in-depth research and industry benchmarking of 
PWC’s peer DNSPs19. The updated demand forecasting procedure developed for PWC has been aligned with 
industry best practices, with consideration of the data available. Figure 1 shows the weather normalisation and 
regression methodologies, and Figure 2 outlines the treatment of Spot Loads and EVs. 

Figure 1 – Weather Normalisation and Regression Methodology Overview 

 

Source: Energeia 

 

18 AEMO for NT Utilities Commission, 2022 Northern Territory Electricity Outlook Report Data  

19 See Appendix F – Industry Practice for a detailed summary of the findings 
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Spot loads are typically treated separately from the rest of the minimum and maximum demand forecast due to 
differences in the level of specific knowledge regarding their future timing and impact compared to other growth-
related factors. This approach is also consistent with industry best practice.20 

3.2.3. Weather Normalisation 

Energeia weather normalised historical half hourly network load data in order to produce 3 levels of probability of 
exceedance (POE or P): P10, P50 and P90 which indicate the temperature assumed during the forecast 
minimum and maximum demand. This temperature is calculated to ensure the percent of intervals which are 
expected to exceed this normalised temperature value are 10%, 50% and 90% respectively. 

The process Energeia used to weather normalise operational demand is described in detail in Appendix C – 
Weather Normalisation. 

3.3. Forecast Model Optimisation 

The resulting outage, spot load and weather corrected minimum and maximum demands for each historical year 
were then used in a multi-factor regression model optimisation procedure to identify the optimal parameters and 
data history to reasonably and accurately forecast network minimum and maximum demand over the forecast 
period. 

3.3.1. Regression Overview 

All possible regression drivers identified by Energeia’s best practice review and desktop research were 
considered as potential independent variables into the multi-factor maximum and minimum demand forecasting 
models, as outlined in detail below. Each variable was assessed to determine regression statistics and the most 
statistically significant regression equation with the correct signs and lowest p-values.  

External forecasts of the statistically significant independent variables with the correct sign were used as 
potential inputs into the regression equations to forecast the maximum and minimum demand for the 
corresponding hour and region. 

Both 5- and 7-year regressions were considered, with up to two independent variables. In addition to these 
regressions, simple linear trends (5- and 7-year) were considered to cover instances where regression results 
were statistically insignificant or deemed unsuitable based on trend analysis. 

3.3.2. Data History Length 

The load profiles and historic spot load additions and subtractions provided had 7 years of complete history, and 
hence 7-year regressions and trends were produced to include these histories in their entirety. 5-year 
regressions and trends were also produced to provide a greater focus on the most recent years of historical data, 
whilst still maintaining a sufficient number of data points for a reasonable regression. 

3.3.3. Number of Independent Variables 

There were 9 total potential independent variables considered to drive regressions, with up to two variables per 
regression model. Energeia chose to test no more than two independent variables to avoid overfitting, based on 
experience developing system minimum and maximum demand forecasts for other DNSPs and TNSPs. 

3.3.4. Types of Independent Variables (Drivers) 

Table 5 lists the independent variables tested in the regression analyses by category and their definitions. 
Energeia used a variety of categories to cover a reasonably broad range of potential minimum and maximum 
demand drivers, without biasing a particular category, e.g., having only economic indicators drive the regression. 

 

20 See Appendix F – Industry Practice 
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The outcome of the study were two adjustment factors (one for maximum demand, one for minimum demand) 
that were multiplied by PWC’s spot load capacity forecast to estimate additions to the selected minimum and 
maximum demand forecasts. 

3.4.3. EV Forecasts 

Forecast EV charging demand was added to produce the final minimum and maximum demand forecasts. As no 
EV forecasts for the NT are available in the public domain, these forecasts came from Energeia’s 2020 EV 
uptake forecasts for the Department of Industry, Science, Energy and Resources.21 

3.4.4. Post-Model Adjustment to FY22 Actuals 

An important note is that, at the time the regressions were produced, FY21 actuals were the most recent 
historical data-point that could be used to produce forecasts. However, FY22 actuals were approved for use 
during production of these forecasts. 

A post-model adjustment was made to account for these FY22 actuals to prevent any sudden “jumps” up or 
down between the final year of historical data and the first year of forecasts. This was done by shifting the 
forecast to align with FY22 actuals (i.e., without rerunning regressions), with FY23 being the first year of forecast. 

A complete refresh of forecasts using FY22 actuals, including rerunning the regression methodology presented 
here, will be completed after submission of the Initial Regulatory Proposal. 

3.5. Validate Optimised Results 

Energeia engaged PWC stakeholders throughout the forecasting process to provide an opportunity for feedback 
on the validity of the recommended system demand forecasts. Additionally, solar PV uptake – as a key driver of 
demand reduction – was compared to NT Outlook Report for the Utilities Commission – see Section 4.1.5. 

Upon carrying out the described methodology, the minimum demand forecast for Tennant Creek did not pass 
subject matter expert validation with PWC stakeholders. As a result, the methodology was rerun with updated 
input datapoints (incl. FY22) included as part of the regressions and trends produced. 

  

 

21 Energeia recommends that for future iterations, PWC commissions an updated EV charging demand forecast. 
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Figure 9 – NT Back-Cast, Historical and Forecast Total Gross Commercial Connections 

Source: PWC Category Analysis RIN Response, Energeia Analysis 

4.1.5. Solar PV 

Energeia used its PV uptake model to forecast cumulative installed distributed PV capacities in the NT. The 
model considers financial drivers of PV uptake for consumers. First-year return-on-investment (ROI) is used as 
the primary driver in a regression based forecast of customer uptake of PV.  

Curtailment reduces the level of PV capacity exporting during times of minimum demand, alleviating some stress 
on the network caused by low demand. For minimum demand forecasts, PV curtailment was estimated based on 
recent Australian studies which considered the average level of curtailment of solar PV as market penetration 
increases. The estimated level of curtailment expected at various levels of PV penetration is shown in Figure 10. 

Figure 10 – Curtailment Estimates 

 

 

Source: Energeia, L. Ochoa and A. Procopiou, (2019), Increasing PV Hosting Capacity: Smart Inverters and Storage, Webinar 

Figure 11 displays the historical and forecast PV capacities, both pre- and post-curtailment. Historical capacity 
grew rapidly, and forecasts are expected to see continue growth. Continuing growth in solar PV uptake will likely 
continue to be a key driver in reducing maximum and minimum demands occurring during solar hours. 
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Appendix B – Spot Load Case Study 

This appendix covers the purpose, method, and outcome of the spot load case study. 

Purpose 

The spot load case study was used to estimate the contribution of future spot load requested additional capacity 
to forecast minimum and maximum demand in each of PWC’s three networks. 

Method 

The case study was produced using historical data provided from PWC. The subdivisions analysed were 
Johnston and Zuccoli East/North, connected to the Archer zone substation, and the  

, connected to the Palmerston zone substation. 

Energeia took this data and used it to find the following ratios: 

𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝐹𝑒𝑒𝑑𝑒𝑟 𝑀𝑖𝑛/𝑀𝑎𝑥 𝐷𝑒𝑚𝑎𝑛𝑑

𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙 𝑆𝑝𝑜𝑡 𝐿𝑜𝑎𝑑 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑
∗ 100% 

𝐹𝑒𝑒𝑑𝑒𝑟 𝐷𝑒𝑚𝑎𝑛𝑑 𝑎𝑡 𝑍𝑜𝑛𝑒 𝑆𝑢𝑏𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑀𝑖𝑛/𝑀𝑎𝑥 𝐷𝑒𝑚𝑎𝑛𝑑

𝐹𝑒𝑒𝑑𝑒𝑟 𝐴𝑛𝑛𝑢𝑎𝑙 𝑀𝑖𝑛/𝑀𝑎𝑥 𝐷𝑒𝑚𝑎𝑛𝑑
∗ 100% 

These two ratios were then multiplied to provide a minimum and maximum demand adjustment factor that 
describes the following ratio: 

𝐹𝑒𝑒𝑑𝑒𝑟 𝐷𝑒𝑚𝑎𝑛𝑑 𝑎𝑡 𝑍𝑜𝑛𝑒 𝑆𝑢𝑏𝑠𝑡𝑎𝑡𝑖𝑜𝑛 𝑀𝑎𝑥/𝑀𝑖𝑛 𝐷𝑒𝑚𝑎𝑛𝑑

𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡 𝑆𝑝𝑜𝑡 𝐿𝑜𝑎𝑑 𝐴𝑑𝑑𝑖𝑡𝑖𝑜𝑛
∗ 100% 

This adjustment factor was multiplied by PWC’s forecast spot load additions to provide an estimate of their load 
contribution at times of minimum and maximum demand. 

Outcome 

Minimum Demand Adjustment Factor 

Figure B1 plots feeder minimum demand against additional spot load capacity. Useable datapoints were scarce 
for this analysis. The ratio found from this relationship was 36.57%.  

Figure B1 – Case Study Change in Feeder Minimum Demand vs. Additional Spot Load Capacity 

 
Source: PWC, Energeia 

Figure B2 feeder demand at zone substation minimum demand against feeder annual minimum. There were 
more datapoints in this ratio calculation, but no strong relationship. The ratio was found to be 33.75%. 
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Appendix C – Weather Normalisation 

This appendix covers the purpose, method, and outcome of the weather normalisation methodology. 

Purpose 

Energeia performed weather normalisation on the outage-corrected historical demand to adjust for the impacts of 
temperature conditions, such as inducing greater space conditioning loads. Exceptionally high or low 
temperatures in a historical year of data can shift demand in a way that makes it unreasonable to compare to 
other historical years which may have had more ‘normal’ weather conditions. Thus, it was important to normalise 
the temperature impacts on demand to improve regression outcomes. 

Method 

PWC provided historic daily maximum, minimum temperatures for each network region for all years considered in 
the forecast inputs. Energeia then calculated daily average temperature as the midpoint between the maximum 
and minimum temperature. 

These daily maximum, minimum and average temperatures were used in regressions with the top and bottom 
10% of demand days, by each hour of the day. Note that only hours 12-22 (12pm to 10pm) were considered for 
maximum demand and hours 0-15 (12am to 3pm) were considered for minimum demand. The regression and 
normalisation process are detailed in the below steps: 

• Determining weather-dependent load – The hourly demand was regressed against the minimum, 
average and maximum observed daily temperature24 for each hour, by network region. The regression 
coefficients indicate the % of demand which was strongly correlated with an increase or decrease in 
temperature. 

• Selecting regression coefficients –. For each hourly interval, the best regression values were 
selected, where they were statistically significant (i.e., minimising p-value (<0.05) whilst maximising R2). 
If neither were statistically significant, the time interval was treated as uncorrelated to temperature and 
was excluded from the weather normalisation process.  

• Applying regression coefficients – Normalising demand for weather variation occurred by removing 
weather dependent demand from total demand and scaling the demand using regression coefficients to 
the same temperature (either the P10, P50 or P90 temperature). The final normalised demand was 
found as the sum of the weather insensitive load and the weather normalised, weather sensitive load. 

The following definition of P10, P50 and P90 temperatures were used: 

• P10: Defined as the temperature during a day where a 10% probability of exceedance occurs, i.e. - the 
threshold of the warmest 10% of temperatures. 

• P50: Defined as the temperature during a day where a 50% probability of exceedance occurs. 

• P90: Defined as the temperature during a day where a 90% probability of exceedance occurs, i.e. - the 
threshold of the coolest 10% of temperatures. 

  

 

24 Weather normalisation could account for other measurements of weather such as humidity and solar irradiance to improve accuracy. At 
the time of this analysis, other weather data was not available at the required granularity. 
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Figure D2 – Historical Government GSP Forecasts Compared to Actuals 

Source: Energeia, NT Government Budget Papers 

As with population, Energeia’s hypothesis appears to be correct for the researched GSP forecasts, as only a 
single 4-year lookahead forecast was an underestimate – which can be explained by the 2020 GSP being an 
outlier.  
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