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[bookmark: _Toc408210739]Introduction
This report provides the ActewAGL Distribution (AAD) peak demand forecast developed for the period 2015-2024. The forecast includes both a system forecast and Zone Substation forecast. 

The report covers the following areas:
· A review of the previous 2013 forecasts. 
· A description of the new method used to develop the forecast, 
· Detail on the modelling/forecasting principles adhered to, methodology and important notes/recommendations on the model.
· The data used in the modelling and their sources.
· Forecast outcomes – the system and Zone Substation forecast numbers and graphs.

[bookmark: _Toc408210740] Comparison of 2014 Actual Demand to Forecast Data
The previous demand forecast for AAD was prepared in December 2013. A review of the ‘actual’ 2014 demand versus the ‘forecast’ for the system and Zone Substation forecasts is presented in this section.
[bookmark: _Toc408210741]Introduction of Model Control Colour Threshold

	Colour Code
	Definition
	Action

	Green
	Absolute Variance <  5%
	No action – Good fitted Model 

	Amber
	Absolute Variance between  5% and 8%
	Close Monitoring   ? Future redevelopment

	Red
	Absolute Variance > 8%
	Immediate model diagnostic and remodelling    

	Yellow
	Zone Substation Structure Change occurred
	Model Reconstruction


 Threshold benchmarks (5% and 8%) need to be reviewed. 
Absolute Variance Formula: | |Red Model
Amber Model 
Green Model
Yellow Model



[bookmark: _Toc408210742]Compare previous forecast to actual peak demand

[bookmark: _Toc408210743]Summary table

Table 1.1 Actual Peak Load vs. Forecast Peak Load (including block loads)
	System Level/Zone Substations
	Summer Demand 2014
	Winter Demand 2014

	
	

Actual (MVA)
	Forecast (MVA)
	Difference
	

Actual (MVA)
	Forecast (MVA)
	Difference

	
	
	50% PoE 

	10% PoE

	50% PoE 

	10% PoE

	
	50% PoE 

	10% PoE

	50% PoE 

	10% PoE


	System Level
	634.9
	667.1
	735.4
	5%
	16%
	623.5
	643.1
	653.8
	3%
	5%

	Belconnen
	58.1
	59.5
	63.7
	2%
	10%
	54.8
	56.8
	57.2
	4%
	4%

	City East
	77.5
	78.7
	84.1
	2%
	9%
	70.3
	70.5
	70.8
	0%
	1%

	Civic*
	59.6
	60.4
	62.7
	1%
	5%
	51.6
	56.0
	56.5
	9%
	9%

	East Lake
	8.2
	NA
	NA
	NA
	NA
	16.7
	NA
	NA
	NA
	NA

	Fyshwick
	31.7
	40.5
	42.7
	28%
	35%
	26.1
	34.2
	34.6
	31%
	32%

	Gilmore
	26.3
	22.2
	23.1
	-16%
	-12%
	29.5
	26.8
	26.8
	-9%
	-9%

	Gold Creek**
	53.7
	49.2
	52.2
	-8%
	-3%
	56.9
	55.6
	55.7
	-2%
	-2%

	Latham
	55.6
	54.5
	58.5
	-2%
	5%
	68.1
	70.8
	71.2
	4%
	5%

	Telopea Park***
	99.7
	101.4
	106.7
	2%
	7%
	93.9
	96.0
	96.7
	2%
	3%

	Theodore
	28.0
	29.8
	31.0
	6%
	11%
	28.4
	30.4
	30.6
	7%
	8%

	Wanniassa
	71.2
	73.4
	79.1
	3%
	11%
	79.1
	80.2
	80.6
	1%
	2%

	Woden
	77.9
	81.7
	85.4
	5%
	10%
	74.9
	79.9
	80.8
	7%
	8%


*Civic zone summer model under Green Threshold and winter model under Red Threshold.
**Gold Creek Zone Substation summer model under Red Threshold and winter model under Green Threshold.
*** Adjustment made as permanent load transfer from Telopea Park Zone to East Lake Zone. The load adjustment is calculated by following equation:

                                                                                                                                 Coincidence Factor = 0.9

[bookmark: _Toc408210744]Colour Threshold Analysis and Actions:

Yellow Threshold Model 
· Impacted Model: East Lake Zone Substation and  Fyshwick Zone Substation

· East Lake Zone Substation established at December 2013. The following loads were transferred between Fyshwick and East Lake Zone Substations in 2014 on a permanent basis. According to AAD’s future planning, East Lake Zone Substation and Fyshwick Zone Substation will remain connected via the 11kV Distribution Network to provide N-1 support and provide capacity for the future load growth of Fyshwick area. 

Table 1.2 Permanent Load Transfers to East Lake Zone Substation
	From
	
	To
	
Est. Max Demand

	Zone Sub
	Feeder
	Date
	Zone Sub
	Feeder
	

	Fyshwick
	Domayne
	15/07/2014
	East Lake ZS
	Cessnock
	3.0MVA

	Fyshwick
	Barrier
	09/07/2014
	East Lake ZS
	Isa
	2.0MVA

	Fyshwick
	Collie
	13/08/2014
	East Lake ZS
	Lyell
	3.7MVA



· Aim: Produce load forecast for East Lake and Fyshwick Zone Substations

· Assumption: As East Lake Zone Substation does not have any historical data and it will share the load growth in Fyshwick area with the Fyshwick Zone Substation, AAD has assumed the historical trend growth from the new Fyshwick demand forecast (see Appendix 9.1.6 for details) will be equally shared between East Lake Zone Substation (50%) and Fyshwick Zone Substation (50%).

· Solutions:

1. Construct a new forecast model for Fyshwick Zone Substation with consideration of the permanent load transfers.
2. Calculate the trend growth* from Step 1. (*the trend growth variable is the co-efficient equal to 1 year’s growth in a linear model)
3. Split 50% of the load demand trend growth to East Lake Zone Substation and other 50% to Fyshwick Zone Substation.
4. Adjust the East Lake Zone Substation load forecast based on the allocated trend growth from Step 3 by using the 2014 actual maximum demand as base year.
5. Adjust the Fyshwick Zone Substation load forecast from Step 1 with the allocated trend growth from Step 3.

Red Threshold Model 

· Impacted Model: Civic Zone Substation (winter), Gilmore Zone Substation and Gold Creek Zone Substation (summer)

· Aim: Build new models for above Zone Substations

· Possible Reasons:
· Missing 2013 winter peak load data for Civic Zone Substation from trendSCADA due to disruption of installation work of third transformer may have had a major impact on the overestimation of the 2014 winter load forecast.
· The zones served by Gilmore and Gold Creek Zone Substations contain accelerated levels of land development. This development results in block loads which have not yet been fully modelled. The incomplete modelling, together with an underestimation of the historic trend, accounts for the negative variance in the demand estimate for these zone substations..  

· Solutions:

· Revisit and run model selection procedures for the above Zone Substations and then choose best fit models that is the best explanative to its historical experience. Not only make sure the predictor variables are significant at 5% level, but also assess that the differences between the actual demand and back fit forecast for 2014 are within +/- 5% error range, which is the main purpose of redesigning a model.
· 
· Assist the Customer Connections Branch to enhance their short term 18 month Block Load forecasting model and develop a long term 10 year block load forecast model to be consistent with the peak demand forecasting report.

Amber Threshold Model (Watch List)
· Impacted Model: Models for Theodore Zone Substation and Woden Zone Substation are currently under Amber Threshold and have been placed into the “close monitoring watch list”.
· Assumption: N/A

· Solutions: No action needs to be taken in 2014 demand forecast. However, when the above models are due for review next year in 2015, if the Amber Threshold is maintained or worsened, the model redevelopment procedure should be followed.
[bookmark: _Toc408210745]Review of Forecasting Performance 

[bookmark: _Toc408210746]Overall Performance

Overall, the 2013 peak demand forecasting performance is reasonable:
· Twenty-four models were developed at System and Zone Substation level, including summer and winter load demands.
·  75% of the forecasting models are under Green (58%) and Amber (17%) Threshold.
· Four or 17 % of the models fall under the Red Threshold. (see 1.2.2.2 for reasons)

	Threshold
	Green
	Amber
	Red
	Yellow
	Total

	Count
	14
	4
	4
	2
	24

	Percentage 
	58%
	17%
	17%
	8%
	100%



[bookmark: _Toc408210747]Performance Measure Benchmark

On 13 November 2014, Aaron Settineri, from Ausgrid had discussion with AAD about comparing the performance of demand forecasts and both parties agreed that +/-5% is a common and industry standard performance measure benchmark adopted by many other distribution companies. The Colour Threshold system has been established for the first time in this report and has made the demand forecasting performance measure more visual and easier to interpret.
The future demand projection is a complicated and difficult task, because there are unforeseeable future uncertainties that introduce inaccuracies into the forecast results.  Achieving a 40% - 60% accuracy for statistical modelling of this nature is recognised as being an industry standard.





[bookmark: _Toc408210748]Review of Forecast Modelling

The demand forecast models chosen for the 2013 System and Zone Substation forecasts are based on linear regression. This year (2014), other methods such as time series modelling like ARMA model, ARMA-GARCH model and time series regression model were also reconsidered and attempted, but were all ultimately rejected. For example, time series analysis performs well in sample modelling with a big full data set, but the forecast results were poor as the time series’ stationary characteristics drives the forecast to an average result rather than extreme result like peak demand values. Thus, the models chosen for the 2014 System and Zone Substation level forecast remain based on linear regression, with the same methodology as previous years being followed.

[bookmark: _Toc408210749]Review of Forecasting Scope 

The 2013 Demand Forecast Report covered both summer and winter demand for the System Level and twelve Zone Substations. The East Lake, Molonglo and West Belconnen Zone Substations’ load demand were not forecast and were excluded from the 2013 report. Therefore, those three Zone Substations plus Angle Crossing Mobile Substation have been added into the 2014 report to better reflect the reality and the potential of the ACT electricity demand growth.
[bookmark: _Toc408210750]Review of Weather conditions 10%PoE and 50%PoE forecast method


This is the first year an updated weather correction model has been used to provide more accurate estimates of the 10% and 50% PoEs. A summary of the previous and revised methods is provided in clauses 2.6.1 and 2.6.2 below.

[bookmark: _Toc408210751]2013 Demand Forecast: 10%PoE and 50%PoE Projection Method

The previous weather correction model depended on maximum and minimum annual temperatures, as far back as the 1990’s. These data were applied uniformly across all zone substations to determine the effect of temperature on expected summer and winter demands, and subsequently calculate the 50% and 10% PoEs. This model suffers from the following inadequacies:
1. Maximum and minimum temperatures do not necessarily correlate with maximum demands
2. Applying general weather data in the same way over all zone substations is not the most efficient way to predict the behaviour or individual substations.
3. Using temperature data so far into the past will have a distorting effect as customer behaviour with respect to temperature extremes will have changed over time.

[bookmark: _Toc408210752]New Projection Method for 10%PoE and 50%PoE forecast in 2014

After consultation with Dr Yanlin Shi[footnoteRef:1], AAD has adopted the following: [1:  Dr Yanlin Shi currently works as lecturer at ANU School of Actuarial Studies, Applied Statistic and Finance and has a PHD in statistic and specialises in time series analysis and regression modelling.] 

· The 2013 10%PoE and 50%PoE weather condition forecast method was general, not explanative and not representative to the sample data;
· The “In Sample Bootstrapping*” Forecasting Method is an appropriate model, which has been used frequently in Dr Shi’s own statistical research.

The Sample Bootstrapping Model is applied as follows:
1. Select significant explanatory variable
2. Calculate the in sample 50th percentile and 90th percentile of this variable
3. Bootstrap this value 2,000 times (By using “R” “boost” package)
4. Use the mean value of 2,000 bootstrapping results as the projection of 50%PoE and 10%PoE for that variable
For the weather correction model, only 33 observations were selected, (3 peak points each year for the last 11 years), The Bootstrapping results were close to the “In Sample” 50th percentile and 90th percentile results, therefore it was considered satisfactory to use the direct calculation of “In Sample” 50th percentile and 90th percentiles as explanatory variables for the weather correction model.
* Bootstrapping is a method of simulating more repeated observations from sparse data.





[bookmark: _Toc408210753]Modelling/Forecasting Recommendations for 2015 Demand Forecast

The following are the key development areas that are identified from the 2014 Demand Forecasting exercise and need to be considered in improving the future 2015 demand forecast.
[bookmark: _Toc408210754]Weather data
Current Condition: Maximum and minimum daily temperature data are currently used as explanatory variables for the model selection procedure, but peak demand data arecaptured instantaneously at every five minute interval. This may explain why model variables MaxTemp and MinTemp were not significant for most of models.
Recommendation: Use instantaneous weather data to predict instantaneous peak demand load. Instantaneous half hourly weather data can be purchased from Bureau of Meteorology (BOM). 

[bookmark: _Toc408210755]Number of Zone Customers
Current Condition: No data source is variable.
Recommendation: Seek the data source within AAD. Eventually, use Zone Customer as a variable to replace current Year variable as the trend growth factor. Zone Customer trend growth is more appropriate than simply using Year variable which is not the best indicator to explain the future Zone Substation load demand growth.      

[bookmark: _Toc408210756]Electricity Price / Tariffs or Price Elasticity
Current Condition: No data source is variable. 
Recommendation:  Seek contacts in the ActewAGL Retail Division to obtain Tariff data for the future 2015 Demand Forecasting. 






[bookmark: _Toc408210757]Demand side solution or Project: Royalla Solar Farm
Background
Royalla solar farm project was completed and commissioned in 2014, and the first registered meter reading was recorded on 15/08/2014. The solar farm is operating on a 24 hour, 7 day a week basis, but is only generating energy into the Theodore Zone Substation 11kV bus during daylight hours. Outside daylight hours, the solar farm is consuming an average of 39.65 kW per 15 minute interval.
Demand Load Impact on Theodore Zone Substation
Impact on Winter Load Demand: During winter the solar farm reaches its peak output between 11am and 1 pm Australian Eastern Time, at approximately 20.3 MVA, but did not materially contribute to any reduction on the peak winter loading on Theodore zone substation, as sunset is typically before 6pm, while the peak winter load is between 6pm and 7pm.
Impact on Summer Load Demand: The solar farm’s output in summer will have some impact on Theodore zone substation peak summer demand, due to the longer daylight hours, and the effect of daylight saving, however the magnitude of the impact is yet to be determined due to no historical summer metering data available at its first year of service. 
Recommendation
· Quantify the Royalla Solar Farm load output while the 2015 peak summer load reaches at Theodore Zone Substation. 
· Incorporate this load impact/output into 2015 Theodore Zone Substation Summer Demand Forecast.












[bookmark: _Toc408210758]Method for Development of Forecast
This section is a brief summary of the approach taken to forecasting the peak demand. More details are in the following sections.
[bookmark: _Toc408210759]Method – Bottom up (trend) demand forecast
Forecasts for each Zone Substation were developed using a bottom-up / trend forecast. Multiple linear regressions were used to determine the underlying trend as well as the effect of various weather factors, particularly temperature. Known upcoming new customer block loads were also added into the Zone Substation forecasts.
[bookmark: _Toc408210760]Method – Top down (econometric) demand forecast
The development of the System demand forecast followed a similar method as for the Zone Substation demand forecasts, with the addition of various econometric / demographic variables. It was established that the only statistically significant variables were weather factors and population. Block loads were not considered for the top-down forecast.
[bookmark: _Toc408210761]Reconciliation of demand and energy forecasts
[bookmark: _Toc408210762]Reconciliation between bottom-up and top-down forecasts

A bottom-up System demand forecast was obtained by applying a diversity factor to the individually forecasted Zone Substation demand peaks. This bottom-up System demand forecast was then compared against the top-down System demand forecast. The results of the reconciliation can be found in Appendix 10.3.

[bookmark: _Toc405465719][bookmark: _Toc408210763]Reconciliation between top-down forecast with energy forecasts
The energy forecast (24 Dec 2013 version) was compared to the summer peak demand forecast, using the system annual average load factor. There are no step changes between the historic load factor and the forecast load factor. This indicates that there is sufficient consistency between the methodologies used for the energy and the demand forecasts.


	Year
	Energy Actual/Forecast (GWh)
	Summer Demand Actual/Forecast 50%PoE (MVA)
	System Annual Average Load Factor (Wh/VAh)

	2003/04
	2621
	577
	0.52

	2004/05
	2681
	579
	0.53

	2005/06
	2729
	648
	0.48

	2006/07
	2864
	643
	0.51

	2007/08
	2885
	624
	0.53

	2008/09
	2873
	711
	0.46

	2009/10
	2896
	682
	0.48

	2010/11
	2910
	707
	0.47

	2011/12
	2891
	555
	0.59

	2012/13
	2904
	656
	0.51

	2013/14
	2874
	635
	0.52

	2014/15
	2781
	666
	0.48

	2015/16
	2756
	673
	0.47

	2016/17
	2788
	680
	0.47

	2017/18
	2814
	687
	0.47

	2018/19
	2824
	695
	0.46



[image: ]
[bookmark: _Toc408210764]Modelling/Forecasting Principles followed

The best-practice modelling/forecasting principles that AAD adheres to are described in the table below.

	Principle
	Description

	1
	Data
	Obtain reliable and unbiased data from reputable sources, conduct data checks to remove/repair erroneous data and manage data effectively.

	2
	Model calibration
	Use appropriate statistical estimation methods.

	3
	Parsimony
	Use only as many parameters as necessary to fit the model, to minimise unnecessary complexity and allow model to be easily replicable.

	4
	Fit to theory
	Choose models which are supported by relevant theory.

	5
	Fit to evidence
	Show that the model adequately accounts for history used in calibration (conduct back-testing).

	6
	Logical model
	Explanatory variables in the model should have theoretical basis, and have theoretically correct signs.

	7
	Model validation
	Analyse the statistical significance of variables, goodness of fit, diagnostic checking of residuals etc.

	8
	Model documentation
	Detailed and thorough documentation of modelling process to ensure transparency and repeatability.

	9
	Version source control
	Track changes made to models.


1) 
[bookmark: _Toc408210765]Modelling/Forecasting Methodology
[bookmark: _Toc408210766]Detailed Methodology
[bookmark: _Toc408210767]Statistical modelling method

The models chosen for the System and Zone Substation level forecasts are based on linear regression. All statistical modelling and forecasting was performed using the R statistical program.
[bookmark: _Toc408210768]Segmentation of Summer / Winter scenarios
Summer and winter forecasts (corresponding to the calendar year seasons) are developed. The other seasons (spring / autumn) are disregarded in the modelling. This methodology is used because peak demands usually occur in summer and winter when severe weather conditions are prevalent. Moreover, summer and winter demands are modelled separately, as they are observed to have different drivers / patterns of demand.  
[bookmark: _Toc408210769]Determine potential explanatory variables 

	Forecast Type
	Potential explanatory variables

	System Level
	Economic / demographic variables such as Gross Domestic Product (GDP), Gross State Product (GSP) growth, unemployment rate, population etc.

	Zone Substation Level
	Time trend (implicitly factors in the various possible causes of a change in demand over time), temperature variables: maximum daily temperature, cooling degree days etc. 



This follows the industry best practice load forecasting process which advocates the analysis of top-down econometric variables at the System level, while conducting trend analysis at the Zone Substation, feeder and distribution substation levels 

[bookmark: _Toc408210770]Steps taken to develop model/forecast
Steps to develop Zone Substation level forecast
Step 1: Collect historical data 
This step involves the collection and verification of historical data – peak demand data from internal databases, as well as historical data for the potential explanatory variables. All external data is obtained from reputable sources such as the Australian Bureau of Statistics (ABS), BIS Shrapnel and BOM. For additional detail on the precise data sources used for each variable, refer to Section 8.

Step 2: Adjusting for load transfers/switching
ADD has limited data on load transfers/switching. Nevertheless, effects of load transfers/switching are approximated and accounted for when deemed material, e.g.  Abnormal historical maximum demands caused by temporary switching are eliminated, and permanent load transfers are factored into the models.

Step 3: Develop demand forecast model (Model selection)
Three daily peak demand points from each year’s summer/winter are extracted for the last 10 years for each of the Zone Substations. Historical data for potential explanatory variables corresponding to the dates of the peak demand are also obtained. For example, if a peak demand of 50 MVA occurred at the Fyshwick Zone Substation on 20/01/2008, then the maximum temperature/Cooling Degree Days (CDD) for that day is also used.  
Using the above data, with peak demand as the dependent variable and the other variables as explanatory variables, separate possible regression models (each with different explanatory variables) are fitted. The model that fits the data “best” is then selected to be the final model used in subsequent forecasting. The way the “best” model is determined is described in the table below.

	Model Selection: 2 main approaches

	1. All subsets approach
	Fit all possible models and compare them. This is done with consideration given to the principle of parsimony: “Fit the smallest possible model while making the most possible explanation”. Compare the models based on various criteria: R-squared adj., PRESSp, Cp. Make value judgment after considering all of the factors.
· R-squared adj. is the proportion of variability in response that is explained by the model, penalized by number of variables. A good model has high R-squared adj.
· PRESSp is the Prediction Sum of Squares – based on cross-validation. Good models have small PRESSp.
· Mallow’s Cp - checks if the model is “right” – models that are too small (underfitting) are biased compared with the true model, while models that are too big (overfitting) results in models with inflated variances. GOAL: Values of Cp near p with p as small as possible achieve a satisfactory “bias-variance” trade off. 
*p refers to the number of explanatory variables in model

	2. Stepwise (sequential) procedures
	Goal: to find “good” models without necessarily having to check all the bad models. Forward stepwise regression – ensures that the model only includes variables which are significant – meeting a certain F-stat cut-off.



In AAD’s demand forecast model selection criteria, Method 2 is mainly used, checked against Method 1 to ensure that the right variables are in the model.
*Note 1: Model selection is conducted for each Zone Substation across different seasons. The implication of this is that each Zone Substation could have a different model, which only contains the most significant variables specific to it.
*Note 2: It may be noted that no explicit weather correction is conducted prior to model fitting and regression. This is due to the fact that multiple linear regression is conducted with temperature variables in the model, implicitly correcting for weather. 

Step 3: Obtain 10% and 50% PoE weather condition data
In order to forecast the future peak demand, 10% and 50% PoE weather condition data are required to be input into the model. This would allow the model to produce the forecast demand given “1 in 10 year”, and “1 in 2 year” weather conditions. This is obtained by analysing In Sample peak demand point temperature data, and picking out the 10th and 50th percentile. 

Step 4: Model validation/derivation of initial forecast (excludes any future block loads) 
After an appropriate model has been determined, an initial forecast can be derived. At this point, various checks are conducted on the model to ensure that the model is valid and a good fit for historical data. These checks are described below:



A. Visual check – A graph with the historical demands as well as the 50% and 10% PoE forecasts (including back-fit) shows what the maximum demand would have been in the past if 50% and 10% PoE weather conditions had occurred instead of the actual temperatures. To some extent, this graph provides a visual confirmation as to whether the model forecast is reasonable.  

B. Statistical model diagnostics are scrutinized to ensure that the model is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF etc. are used.

C. A back-fit (goodness of fit) analysis is conducted to check the model’s fit for predicting historical demand. Basically, this involves “forecasting” historical demand using the model, given the historical data of the explanatory variables. A graph, as well as a table which shows the % deviation of the back-fit from actual is used to verify the viability of the model. 

Step 5: Develop final forecast (factoring in possible future block loads)
After the model has been determined to be a good fit in Step 4, a final forecast can then be developed. This step involves adjusting the initial forecast for expected future block loads. 
*Note: AAD currently does not have sufficient data to isolate the effect of historical block customer loads. It is not possible to remove the effect of the embedded historical block loads from the historical trend. An overestimated forecast would therefore result if expected future block loads are simply added on top of the trend. However, it would not be prudent if future block loads are not accounted for. To minimize the overestimation effect, only the effects of block loads ABOVE the trend are added to the forecast.
In this step, 10% and 50% PoE forecasts are developed. This corresponds to the “1 in 10 year”, and “1 in 2 year” weather conditions.
Finally, 90% Prediction Intervals (PI) for each of the 10% and 50% PoE forecasts are generated statistically. This provides the user with a band within which they are 90% confident that demand would fall. For example, the 90% PI for the 50% PoE forecasts is the range within which we can be 90% confident that demand will fall given “1 in 2 year” weather conditions.

Step 6: Produce final graph, forecast numbers and document model used
The final step in the modelling/forecasting process is to produce the final graph and generate the forecast numbers. The model is also documented (e.g. model coefficients), so that it can be easily replicable in the future.

Steps to develop system level forecast
The development of the System demand forecast followed a similar method as for the Zone Substation demand forecasts, with the addition of various econometric / demographic variables. It was established that the only statistically significant variables were weather factors and population.
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Modelling/Forecasting Methodology
AAD’s Zone Substation demand forecasts use linear regression to model the historical trend of demand growth, and to forecast future peak demand. 
Two separate forecast scenarios are produced for summer and winter peak demands, while the other seasons (spring and autumn) are disregarded in the modelling. This methodology is used because peak demands usually occur in summer and winter when severe weather conditions are prevalent.. Also, summer and winter demands are modelled separately as they are observed to have different drivers/patterns of demand.
The steps in developing the Zone Substation forecasts are as follows:
1) Determine potential explanatory variables to be analysed – it was decided that at the Zone Substation level, only the time trend (which implicitly factors in the various possible causes of a change in demand over time) and temperature variables would be included. This follows the industry best practice load forecasting process which advocates the analysis of top-down econometric variables at the System level, while conducting trend analysis at the Zone Substation level and network elements between Zone Substations and the customer. 
2) Collect historical data – peak demand data from internal databases, as well as historical data for temperature variables from the Bureau of Meteorology. 
3) Adjusting for load transfers/switching – AAD has limited data on load transfers/switching. Nevertheless, effects of load transfers/switching are approximated and accounted for when deemed material, e.g.  Abnormal historical maximum demands caused by temporary switching are eliminated, and permanent load transfers are factored into the models.
4) Develop model (Model selection) – 3 daily peak demand points from each year’s summer/winter are extracted for the last 10 years for each of the Zone Substations. Historical data for potential explanatory variables corresponding to the peak demand days are also obtained. Subsequently, using the peak demand as the dependent variable, various possible regression models are fitted. The model that fits the data “best” based on stepwise regression and other statistical criteria is then selected to be the final model used in subsequent forecasting.
5) Obtain 10% and 50% PoE weather condition data – analyse individual model’s historical In Sample temperature data, and pick out the 10th and 50th percentile to allow the model to produce the forecast demand given “1 in 10 year” and “1 in 2 year” weather conditions.
6) Model validation/derivation of initial forecast (excludes any future block loads) – scrutinize statistical model diagnostics and conduct goodness of fit analysis.
7) Develop final forecast (factoring in possible future block loads) – adjust the initial forecast for expected future block loads. Note that only the effects of block loads above the historical trend will be added to the forecast, to minimize the overestimation effect brought about by it being impossible to isolate the effect of historical block customer loads from the historical trend. The final forecast includes 10% and 50% PoE forecasts, which correspond to the “1 in 10 year” and “1 in 2 year” weather conditions, and a 90% prediction interval for each of these forecasts.
8) Produce final graphs, forecast numbers and document model used.
Modelling/Forecasting Notes
1) The 10% and 50% PoE demand forecasts are based on the 90th percentile and median weather variables respectively. In winter, the difference between the 90th percentile and the median weather variables is small, and as such there is an inconsequential difference between the two forecasts. It is prudent to consider the upper bound of the prediction interval for the 50% PoE forecast as the 1 in 10 year demand. 
2) Data on block loads is only available and accounted for in the forecasts for approximately the next 18 months. Longer term projects/developments are not accounted for in the forecasts. This has the potential to introduce an underestimation of peak demand in the longer term.
3) The forecasts are based on the historical/current state of the network, i.e. they do not factor in planned work. For example, the Fyshwick Zone Substation forecast does not account for possible future transfers to East Lake Zone Substation, which could reduce the Fyshwick peak demand. 
4) The effect of Photovoltaic (PV) is not directly accounted for in the forecasts. This is analysed separately – currently it has been established that PV has an inconsequential effect on peak demand.
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1) The 10% and 50% PoE demand forecasts are based on the 90th percentile and median weather variables respectively. In winter, the difference between the 90th percentile and the median weather variables is small, and as such there is an inconsequential difference between the two forecasts. It is prudent to consider the upper bound of the prediction interval for the 50% PoE forecast as the 1 in 10 year demand. 
2) In relation to point 1, a recommendation is to ‘name’ the forecast corresponding to 10% and 50% PoE weather conditions the “High” and “Base” forecasts respectively instead of the 10% PoE and 50% PoE forecasts. With this naming system, AAD can then have the Base 10, 50 and 90% PoE forecasts (the base forecast and the prediction interval around it) and the High 10, 50 and 90% PoE forecasts (the high forecast and the prediction interval around it). 
3) Data on future block loads is only available and accounted for in the forecasts for approximately the next 18 months. Longer term projects/developments are not accounted for in the forecasts. This has the potential to introduce an underestimation of peak demand in the longer term. 
4) Historical block loads were not able to be removed from the historical trend because there was no system in place to capture block load transfers between Zone Substations. In the future, a record of block loads coming onto the network should be kept, in order to follow the Best Industry Practices of removing block loads from the historical trend before modelling for the future.
5) There is currently no system in place which records information on load transfers/switching. In the forecasts, it is only possible to visually spot the material anomalies and then manually adjust for them. This might affect the accuracy of the forecasts – in the future a record of any temporary/permanent load transfers should be kept.
6) The effect of PV is not directly accounted for in the forecasts. This is analysed separately – currently it has been established that PV has an inconsequential effect on peak demand.
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The explanatory variables used in the modelling, along with their sources of historical/forecast data, are listed in the table below. 

	Key Driver
	Explanatory Variable Used
	Source of historical information
	Source of future forecast

	Weather
	MaxTemp
	BOM
	Use in sample MaxTemp Data’s median/ 90th percentile

	Weather
	MinTemp
	BOM
	Use in sample MinTemp Data’s median/ 90th percentile

	Weather
	CDD
	BOM
	Use in sample CDD Data’s median/ 90th percentile

	Weather
	HDD
	BOM
	Use in sample HDD Data’s median/ 90th percentile

	Weather
	3DayCDD
	BOM
	Use in sample 3DayCDD Data’s median/ 90th percentile

	Weather
	3DayHDD
	BOM
	Use in sample 3DayHDD  Data’s median/ 90th percentile

	Economic Growth
	Gross State Product (GSP)
	ABS 5220.0 Table 1 -Released 21/11/2014
	

	Economic Growth
	State Final Demand (SFD)
	ABS 5220.0 Table 9 – Released 28111/2014
	

	Financial influences
	CPI
	ABS 6401.1 – Released 22/10/2014
	

	Demographics
	Population
	ABS 3101.0 Table 4 – Released 25/09/2013
	Projection based on Historical data

	Demographics
	Households
	ABS 3236.0 – Released 8/6/2010
	No historical- this is projected

	Demographics
	Employment
	ABS 6202.0 – Released 6/11/2014
	




[bookmark: _Toc408210774]Forecast Outcomes
[bookmark: _Toc408210775]System Forecast 
[bookmark: _Toc408210776]Summer Forecast
[image: ]
	Final Forecast (Incorporating Block Loads)

	Summer Ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	665.69
	730.95

	2016
	672.75
	738.01

	2017
	679.91
	745.18

	2018
	687.17
	752.44

	2019
	694.54
	759.80

	2020
	702.01
	767.28

	2021
	709.59
	774.85

	2022
	717.27
	782.54

	2023
	725.07
	790.33

	2024
	732.97
	798.24
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	640.6
	650.3

	2016
	640.6
	650.3

	2017
	640.6
	650.3

	2018
	640.6
	650.3

	2019
	640.6
	650.3

	2020
	640.6
	650.3

	2021
	640.6
	650.3

	2022
	640.6
	650.3

	2023
	640.6
	650.3

	2024
	640.6
	650.3
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	Summer
	50% PoE Forecast (MVA)
	Year
	Angle Crossing
	Belconnen
	City East
	East Lake
	Fyshwick
	Gilmore
	Gold Creek
	Telopea Park
	Theodore
	Wanniassa

	
	
	2015
	1.1
	59.5
	80.8
	16.5 
	30.3
	25.3
	55.2
	100.0
	28.4
	73.3

	
	
	2016
	1.1
	60.6
	84.9
	26.7 
	22.1
	26.2
	58.6
	103.3
	29.1
	74.0

	
	
	2017
	1.1
	64.4
	85.1
	27.2 
	22.6
	27.0
	62.1
	104.4
	29.9
	74.7

	
	
	2018
	1.1
	68.6
	85.1
	40.9 
	10.0
	27.9
	65.5
	105.6
	30.6
	75.4

	
	
	2019
	1.1
	69.6
	85.1
	41.4 
	10.6
	28.7
	69.0
	106.8
	31.3
	76.1

	
	
	2020
	1.1
	69.6
	85.1
	41.9 
	11.1
	29.5
	72.4
	107.9
	32.1
	76.8

	
	
	2021
	1.1
	69.6
	85.1
	42.4 
	11.6
	30.4
	75.8
	109.1
	32.8
	77.5

	
	
	2022
	1.1
	69.6
	85.1
	43.0 
	12.2
	31.2
	79.3
	110.3
	33.5
	78.2

	
	
	2023
	1.1
	69.6
	85.1
	43.5 
	12.7
	32.1
	82.7
	111.4
	34.3
	78.9

	
	
	2024
	1.1
	69.6
	85.1
	44.0 
	13.2
	32.9
	86.2
	112.6
	35.0
	79.6

	
	10% PoE Forecast (MVA)
	2015
	1.1
	63.4
	88.3
	16.5 
	32.9
	25.7
	56.6
	103.1
	29.9
	77.4

	
	
	2016
	1.1
	64.5
	92.4
	26.7 
	24.7
	26.5
	60.0
	106.4
	30.6
	78.1

	
	
	2017
	1.1
	68.3
	92.6
	27.2 
	25.2
	27.4
	63.5
	107.5
	31.4
	78.8

	
	
	2018
	1.1
	72.5
	92.6
	40.9 
	12.7
	28.2
	66.9
	108.7
	32.1
	79.5

	
	
	2019
	1.1
	73.5
	92.6
	41.4 
	13.2
	29.1
	70.4
	109.9
	32.8
	80.2

	
	
	2020
	1.1
	73.5
	92.6
	41.9 
	13.7
	29.9
	73.8
	111.0
	33.6
	80.9

	
	
	2021
	1.1
	73.5
	92.6
	42.4 
	14.3
	30.7
	77.2
	112.2
	34.3
	81.6

	
	
	2022
	1.1
	73.5
	92.6
	43.0 
	14.8
	31.6
	80.7
	113.4
	35.0
	82.4

	
	
	2023
	1.1
	73.5
	92.6
	43.5 
	15.3
	32.4
	84.1
	114.5
	35.8
	83.1

	
	
	2024
	1.1
	73.5
	92.6
	44.0 
	15.8
	33.3
	87.6
	115.7
	36.5
	83.8


	Summer
	50% PoE Forecast (MVA)
	Year
	Civic
	Woden
	Molonglo
	Latham
	West Belconnen

	
	
	2015
	59.0
	84.6
	NC
	56.2
	NC

	
	
	2016
	59.0
	87.0
	NC
	57.2
	NC

	
	
	2017
	59.2
	88.9
	NC
	58.2
	NC

	
	
	2018
	60.8
	88.9
	NC
	59.1
	NC

	
	
	2019
	62.3
	88.9
	NC
	60.1
	NC

	
	
	2020
	59.1
	83.5
	10.2
	61.1
	NC

	
	
	2021
	59.1
	83.5
	11.7
	62.1
	NC

	
	
	2022
	59.1
	83.5
	13.3
	63.1
	NC

	
	
	2023
	59.1
	83.5
	15.1
	59.1
	6.5

	
	
	2024
	59.1
	83.5
	16.7
	60.0
	7.5

	
	10% PoE Forecast (MVA)
	2015
	61.7
	88.9
	NC
	57.9
	NC

	
	
	2016
	61.7
	91.3
	NC
	58.9
	NC

	
	
	2017
	61.9
	93.2
	NC
	59.9
	NC

	
	
	2018
	63.5
	93.2
	NC
	60.9
	NC

	
	
	2019
	65.0
	93.2
	NC
	61.9
	NC

	
	
	2020
	61.8
	87.8
	10.2
	62.8
	NC

	
	
	2021
	61.8
	87.8
	11.7
	63.8
	NC

	
	
	2022
	61.8
	87.8
	13.3
	64.8
	NC

	
	
	2023
	61.8
	87.8
	15.1
	60.8
	6.5

	
	
	2024
	61.8
	87.8
	16.7
	61.8
	7.5











	
Winter
	50% PoE Forecast (MVA)
	Year
	Angle Crossing
	Belconnen
	City East
	East
Lake
	Fyshwick
	Gilmore
	Gold Creek
	Telopea Park
	Theodore
	Wanniassa

	
	
	2015
	2.1
	57.1
	72.8
	26.6
	14.4
	29.0
	59.2
	93.9
	29.0
	78.6

	
	
	2016
	2.1
	58.8
	74.6
	26.8
	14.7
	30.0
	62.4
	96.4
	29.1
	77.9

	
	
	2017
	2.1
	63.8
	74.4
	40.2
	1.8
	31.0
	65.5
	97.5
	29.1
	76.8

	
	
	2018
	2.1
	66.3
	74.0
	40.4
	2.1
	32.1
	68.7
	98.6
	29.1
	75.8

	
	
	2019
	2.1
	66.9
	73.6
	40.6
	2.3
	33.1
	71.9
	99.7
	29.1
	74.7

	
	
	2020
	2.1
	66.9
	73.2
	40.9
	2.5
	34.2
	75.0
	100.7
	29.1
	73.7

	
	
	2021
	2.1
	66.9
	72.8
	41.1
	2.8
	35.2
	78.2
	101.8
	29.1
	72.6

	
	
	2022
	2.1
	66.9
	72.4
	41.4
	3.0
	36.2
	81.4
	102.9
	29.1
	71.6

	
	
	2023
	2.1
	66.9
	72.0
	41.6
	3.3
	37.3
	84.6
	104.0
	29.1
	70.5

	
	
	2024
	2.1
	66.9
	71.7
	41.8
	3.5
	38.3
	87.7
	105.1
	29.1
	69.5

	
	10% PoE Forecast (MVA)
	2015
	2.1
	58.3
	73.8
	26.6
	14.4
	29.0
	59.2
	95.0
	30.1
	79.9

	
	
	2016
	2.1
	59.9
	75.6
	26.8
	14.7
	30.0
	62.4
	97.4
	30.2
	79.1

	
	
	2017
	2.1
	64.9
	75.3
	40.2
	1.8
	31.0
	65.5
	98.5
	30.2
	78.1

	
	
	2018
	2.1
	67.5
	75.0
	40.4
	2.1
	32.1
	68.7
	99.6
	30.2
	77.1

	
	
	2019
	2.1
	68.0
	74.6
	40.6
	2.3
	33.1
	71.9
	100.7
	30.2
	76.0

	
	
	2020
	2.1
	68.0
	74.2
	40.9
	2.5
	34.2
	75.0
	101.8
	30.2
	75.0

	
	
	2021
	2.1
	68.0
	73.8
	41.1
	2.8
	35.2
	78.2
	102.9
	30.2
	73.9

	
	
	2022
	2.1
	68.0
	73.4
	41.4
	3.0
	36.2
	81.4
	104.0
	30.2
	72.9

	
	
	2023
	2.1
	68.0
	73.0
	41.6
	3.3
	37.3
	84.6
	105.1
	30.2
	71.8

	
	
	2024
	2.1
	68.0
	72.7
	41.8
	3.5
	38.3
	87.7
	106.2
	30.2
	70.8





	
Winter
	50% PoE Forecast (MVA)
	Year
	Civic
	Woden
	Molonglo
	Latham
	West Belconnen

	
	
	2015
	52.7
	76.5
	NC
	69.6
	NC

	
	
	2016
	52.5
	77.7
	NC
	70.6
	NC

	
	
	2017
	53.3
	77.6
	NC
	71.6
	NC

	
	
	2018
	54.6
	76.5
	NC
	72.6
	NC

	
	
	2019
	51.9
	69.9
	9.5
	73.6
	NC

	
	
	2020
	51.7
	68.8
	11.0
	74.6
	NC

	
	
	2021
	51.5
	67.6
	12.5
	75.6
	NC

	
	
	2022
	51.2
	66.5
	14.2
	70.6
	6.0

	
	
	2023
	51.0
	65.4
	15.9
	70.6
	7.0

	
	
	2024
	50.8
	64.2
	17.5
	70.6
	8.0

	
	10% PoE Forecast (MVA)
	2015
	54.2
	81.1
	NC
	71.1
	NC

	
	
	2016
	54.0
	82.3
	NC
	72.1
	NC

	
	
	2017
	54.7
	82.2
	NC
	73.1
	NC

	
	
	2018
	56.1
	81.1
	NC
	74.1
	NC

	
	
	2019
	53.3
	74.5
	9.5
	75.1
	NC

	
	
	2020
	53.1
	73.4
	11.0
	76.1
	NC

	
	
	2021
	52.9
	72.2
	12.5
	77.1
	NC

	
	
	2022
	52.7
	71.1
	14.2
	72.1
	6.0

	
	
	2023
	52.5
	70.0
	15.9
	72.1
	7.0

	
	
	2024
	52.3
	68.8
	17.5
	72.1
	8.0
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The main function and purpose of the Angle Crossing Mobile Zone Substation is to provide electricity load capability for Actew Water (now Icon Water) to transfer water between dams in summer or to maintain a sustainable water supply for the ACT when drought occurs. 
Table 8.1 Angel Crossing Zone Substation 2014 statistics (from 1/09/2013 to 31/08/2014) 
	Summer Maximum Demand (MVA)
	1.05

	Winter Maximum Demand (MVA)
	2.13

	Number of hours Operating (hours)
	46.42

	Utilisation Factor
	0.53%



[image: ]
Note the winter period operation is mainly for the maintenance of the Zone Substation.
A very low utilisation factor indicates the low operation usage of the zone substation. The current Combined Dam Levels in ACT is 83.98% at time of 10:43 am, 4th December 4, 2014 and the past weather conditions in ACT have been moderate and steady, which indicates steady weather condition forecast in future years with no particular signs of drought. Thus, there is reasonable ground to believe that the summer and winter peak demand for Angle Crossing Zone Substation in the next ten years will be similar to the summer and winter maximum demand in 2014 with the assumption of no catastrophic weather events.

	Final Forecast 

	Year
	Summer ending Feb
	Winter ending Aug

	2015
	1.05
	2.13

	2016
	1.05
	2.13

	2017
	1.05
	2.13

	2018
	1.05
	2.13

	2019
	1.05
	2.13

	2020
	1.05
	2.13

	2021
	1.05
	2.13

	2022
	1.05
	2.13

	2023
	1.05
	2.13

	2024
	1.05
	2.13
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	59.5
	63.4

	2016
	60.6
	64.5

	2017
	64.4
	68.3

	2018
	68.6
	72.5

	2019
	69.6
	73.5

	2020
	69.6
	73.5

	2021
	69.6
	73.5

	2022
	69.6
	73.5

	2023
	69.6
	73.5

	2024
	69.6
	73.5



Winter Forecast
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	57.1
	58.3

	2016
	58.8
	59.9

	2017
	63.8
	64.9

	2018
	66.3
	67.5

	2019
	66.9
	68.0

	2020
	66.9
	68.0

	2021
	66.9
	68.0

	2022
	66.9
	68.0

	2023
	66.9
	68.0

	2024
	66.9
	68.0



[bookmark: _Toc408210782]City East Zone Forecast
Summer Forecast
[image: ]

	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	80.8
	88.3

	2016
	84.9
	92.4

	2017
	85.1
	92.6

	2018
	85.1
	92.6

	2019
	85.1
	92.6

	2020
	85.1
	92.6

	2021
	85.1
	92.6

	2022
	85.1
	92.6

	2023
	85.1
	92.6

	2024
	85.1
	92.6


Winter Forecast
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	72.8
	73.8

	2016
	74.6
	75.6

	2017
	74.4
	75.3

	2018
	74.0
	75.0

	2019
	73.6
	74.6

	2020
	73.2
	74.2

	2021
	72.8
	73.8

	2022
	72.4
	73.4

	2023
	72.0
	73.0

	2024
	71.7
	72.7
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	                 59.0 
	            61.7 

	2016
	                 59.0 
	            61.7 

	2017
	                 59.2 
	            61.9 

	2018
	                 60.8 
	            63.5 

	2019
	                 62.3 
	            65.0 

	2020
	                 59.1 
	            61.8 

	2021
	                 59.1 
	            61.8 

	2022
	                 59.1 
	            61.8 

	2023
	                 59.1 
	            61.8 

	2024
	                 59.1 
	            61.8 


Winter Forecast
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	52.7
	54.2

	2016
	52.5
	54.0

	2017
	53.3
	54.7

	2018
	54.6
	56.1

	2019
	51.9
	53.3

	2020
	51.7
	53.1

	2021
	51.5
	52.9

	2022
	51.2
	52.7

	2023
	51.0
	52.5

	2024
	50.8
	52.3



[bookmark: _Toc408210784]East Lake Zone Forecast
Summer Forecast
 [image: ]
	Final Forecast (Incorporating  Load Transfers)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	16.5 
	16.5 

	2016
	26.7 
	26.7 

	2017
	27.2 
	27.2 

	2018
	40.9 
	40.9 

	2019
	41.4 
	41.4 

	2020
	41.9 
	41.9 

	2021
	42.4 
	42.4 

	2022
	43.0 
	43.0 

	2023
	43.5 
	43.5 

	2024
	44.0 
	44.0 



Winter Forecast
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	Final Forecast (Incorporating Load Transfers)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	26.6
	26.6

	2016
	26.8
	26.8

	2017
	40.2
	40.2

	2018
	40.4
	40.4

	2019
	40.6
	40.6

	2020
	40.9
	40.9

	2021
	41.1
	41.1

	2022
	41.4
	41.4

	2023
	41.6
	41.6

	2024
	41.8
	41.8



[bookmark: _Toc408210785]Fyshwick Zone Forecast
Summer Forecast
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	Final Forecast (Incorporating Block Loads and Load Transfers)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	30.3
	32.9

	2016
	22.1
	24.7

	2017
	22.6
	25.2

	2018
	10.0
	12.7

	2019
	10.6
	13.2

	2020
	11.1
	13.7

	2021
	11.6
	14.3

	2022
	12.2
	14.8

	2023
	12.7
	15.3

	2024
	13.2
	15.8



Winter Forecast
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	Final Forecast (Incorporating Block Loads and Load Transfers)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	14.4
	14.4

	2016
	14.7
	14.7

	2017
	1.8
	1.8

	2018
	2.1
	2.1

	2019
	2.3
	2.3

	2020
	2.5
	2.5

	2021
	2.8
	2.8

	2022
	3.0
	3.0

	2023
	3.3
	3.3

	2024
	3.5
	3.5



[bookmark: _Toc408210786]Gilmore Zone Forecast
Summer Forecast
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	25.3
	25.7

	2016
	26.2
	26.5

	2017
	27.0
	27.4

	2018
	27.9
	28.2

	2019
	28.7
	29.1

	2020
	29.5
	29.9

	2021
	30.4
	30.7

	2022
	31.2
	31.6

	2023
	32.1
	32.4

	2024
	32.9
	33.3


Winter Forecast
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	29.0
	29.0

	2016
	30.0
	30.0

	2017
	31.0
	31.0

	2018
	32.1
	32.1

	2019
	33.1
	33.1

	2020
	34.2
	34.2

	2021
	35.2
	35.2

	2022
	36.2
	36.2

	2023
	37.3
	37.3

	2024
	38.3
	38.3


[bookmark: _Toc408210787]Gold Creek Zone Forecast
Summer Forecast
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	55.2
	56.6

	2016
	58.6
	60.0

	2017
	62.1
	63.5

	2018
	65.5
	66.9

	2019
	69.0
	70.4

	2020
	72.4
	73.8

	2021
	75.8
	77.2

	2022
	79.3
	80.7

	2023
	82.7
	84.1

	2024
	86.2
	87.6


Winter Forecast
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	59.2
	59.2

	2016
	62.4
	62.4

	2017
	65.5
	65.5

	2018
	68.7
	68.7

	2019
	71.9
	71.9

	2020
	75.0
	75.0

	2021
	78.2
	78.2

	2022
	81.4
	81.4

	2023
	84.6
	84.6

	2024
	87.7
	87.7



[bookmark: _Toc408210788]Latham Zone Forecast
Summer Forecast

[image: ]
	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	56.2
	57.9

	2016
	57.2
	58.9

	2017
	58.2
	59.9

	2018
	59.1
	60.9

	2019
	60.1
	61.9

	2020
	61.1
	62.8

	2021
	62.1
	63.8

	2022
	63.1
	64.8

	2023
	59.1
	60.8

	2024
	60.0
	61.8



Winter Forecast
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	Final Forecast (Incorporating Block Loads)

	Winter ending Aug
	50% PoE (in MVA)
	10% PoE (in MVA)

	2015
	69.6
	71.1

	2016
	70.6
	72.1

	2017
	71.6
	73.1

	2018
	72.6
	74.1

	2019
	73.6
	75.1

	2020
	74.6
	76.1

	2021
	75.6
	77.1

	2022
	70.6
	72.1

	2023
	70.6
	72.1

	2024
	70.6
	72.1



[bookmark: _Toc408210789]Telopea Park Forecast
Summer Forecast
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	100.0
	103.1

	2016
	103.3
	106.4

	2017
	104.4
	107.5

	2018
	105.6
	108.7

	2019
	106.8
	109.9

	2020
	107.9
	111.0

	2021
	109.1
	112.2

	2022
	110.3
	113.4

	2023
	111.4
	114.5

	2024
	112.6
	115.7


Winter Forecast
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	93.9
	95.0

	2016
	96.4
	97.4

	2017
	97.5
	98.5

	2018
	98.6
	99.6

	2019
	99.7
	100.7

	2020
	100.7
	101.8

	2021
	101.8
	102.9

	2022
	102.9
	104.0

	2023
	104.0
	105.1

	2024
	105.1
	106.2



[bookmark: _Toc408210790]Theodore Forecast
Summer Forecast
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	28.4
	29.9

	2016
	29.1
	30.6

	2017
	29.9
	31.4

	2018
	30.6
	32.1

	2019
	31.3
	32.8

	2020
	32.1
	33.6

	2021
	32.8
	34.3

	2022
	33.5
	35.0

	2023
	34.3
	35.8

	2024
	35.0
	36.5


Winter Forecast
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	29.0
	30.1

	2016
	29.1
	30.2

	2017
	29.1
	30.2

	2018
	29.1
	30.2

	2019
	29.1
	30.2

	2020
	29.1
	30.2

	2021
	29.1
	30.2

	2022
	29.1
	30.2

	2023
	29.1
	30.2

	2024
	29.1
	30.2



[bookmark: _Toc408210791]Wanniassa Forecast
Summer Forecast
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	73.3
	77.4

	2016
	74.0
	78.1

	2017
	74.7
	78.8

	2018
	75.4
	79.5

	2019
	76.1
	80.2

	2020
	76.8
	80.9

	2021
	77.5
	81.6

	2022
	78.2
	82.4

	2023
	78.9
	83.1

	2024
	79.6
	83.8


Winter Forecast
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	78.6
	79.9

	2016
	77.9
	79.1

	2017
	76.8
	78.1

	2018
	75.8
	77.1

	2019
	74.7
	76.0

	2020
	73.7
	75.0

	2021
	72.6
	73.9

	2022
	71.6
	72.9

	2023
	70.5
	71.8

	2024
	69.5
	70.8


[bookmark: _Toc408210792]Woden Forecast
Summer Forecast
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	            84.6 
	            88.9 

	2016
	            87.0 
	            91.3 

	2017
	            88.9 
	            93.2 

	2018
	            88.9 
	            93.2 

	2019
	            88.9 
	            93.2 

	2020
	            83.5 
	            87.8 

	2021
	            83.5 
	            87.8 

	2022
	            83.5 
	            87.8 

	2023
	            83.5 
	            87.8 

	2024
	            83.5 
	            87.8 


Winter Forecast
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	            76.5 
	            81.1 

	2016
	            77.7 
	            82.3 

	2017
	            77.6 
	            82.2 

	2018
	            76.5 
	            81.1 

	2019
	            69.9 
	            74.5 

	2020
	            68.8 
	            73.4 

	2021
	            67.6 
	            72.2 

	2022
	            66.5 
	            71.1 

	2023
	            65.4 
	            70.0 

	2024
	            64.2 
	            68.8 



[bookmark: _Toc408210793]Molonglo Forecast

The Molonglo Forecast is based on the dwelling occupations’ data released from ACT Government Land Release Program. ActewAGL has planned the below feeder extension and upgrade projects to use available network capacity in the area mainly from Civic and Woden Zone Substations to meet the initial stage of the Molonglo area’s load demand. According to summer and winter load demand forecasts below, the non-coincidence maximum demand load of three feeders supply will be exceeded at early 2019. Thus, the new Molonglo Zone Substation is estimated to start its commission during Year 2019 base on the forecast.
	Project
	Supply Zone Substation
	Estimated Maximum Demand (MVA)

	Hilder Feeder Extension
	Woden
	2.7

	Streeton Feeder Extension
	Woden
	2.7

	Black Mountain Upgrade
	Civic
	3.2

	Total
	8.6



Summer Forecast 

	Date (Summer ending Feb)
	2013
	2014
	2015
	2016
	2017
	2018
	2019
	2020**
	2021
	2022
	2023
	2024

	No. Dwelling 
	35
	285
	855
	1,538
	2,228
	2,878
	3,478
	4,078
	4,678
	5,328
	6,028
	6,678

	Total (MVA)*
	0.1
	0.7
	2.1
	3.8
	5.6
	7.2
	8.7
	10.2
	11.7
	13.3
	15.1
	16.7


* Estimated 2.5kVA per dwelling 
** First summer after commission (estimated).

Winter Forecast
	Date (Winter Ending Aug)
	2013
	2014
	2015
	2016
	2017
	2018
	2019**
	2020
	2021
	2022
	2023
	2024

	No. Dwelling 
	160
	570
	1196.5
	1883
	2553
	3178
	3,778
	4,378
	5,003
	5,678
	6,353
	7,003

	Total (MVA)*
	0.4
	1.4
	3.0
	4.7
	6.4
	7.9
	9.4
	10.9
	12.5
	14.2
	15.9
	17.5


* Estimated 2.5kVA per dwelling 
** First winter after commission (estimated).
[bookmark: _Toc408210794]West Belconnen Forecast

Timing and assumptions for new Zone Substation 
Initial stages of the West Belconnen development can be serviced from the existing Latham Zone Substation which serves existing urban areas of western Belconnen. It is estimated that the new Zone Substation will be required once 2,000 to 3,000 new dwellings are released at West Belconnen. Depending on the rate of new dwelling releases, which could be between 300 and 500 per year, the new Zone Substation would be required within 7 to 10 years.
Therefore, the forecast assumptions are:
· Estimated 2.5kVA per dwelling and 400 dwellings increase per year in the area;
· Latham Zone Substation will take extra 1MVA block load per annum till 1 July 2022 due to the above;
· Supply from new West Belconnen Zone Substation required from 1 July 2022;
· New Zone Substation will take existing load of 2,000 x 2.5kVA (5MVA) from Latham Zone Substation;
· New Zone Substation will take additional load of 400 x 2.5kVA (1MVA) per annum;
Summer Forecast
	Date (Summer ending Feb)
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	2021
	2022
	2023
	2024

	Total (MVA)
	NC
	NC
	NC
	NC
	NC
	NC
	NC
	NC
	NC
	6.5
	7.5





Winter Forecast

	Date (Winter Ending Aug)
	2014
	2015
	2016
	2017
	2018
	2019
	2020
	2021
	2022
	2023
	2024

	Total (MVA)
	NC
	NC
	NC
	NC
	NC
	NC
	NC
	NC
	6.0
	7.0
	8.0







[bookmark: _Toc408210795]Appendix
[bookmark: _Toc408210796]Details of Models/Forecasts
[bookmark: _Toc408210797]System Forecast
System Summer Forecast
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Model Details:	Demand = -150.7 + 32.63*MaxCDD + 0.001278 * Population

	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	-150.7
	179.3
	-0.841
	0.42501

	MaxCDD
	32.63
	6.072
	5.374
	0.00067

	Population
	0.001278
	0.0004277
	2.988
	0.01738

	Residual standard error: 26.1 on 8 degrees of freedom

	Multiple R-squared:  0.7961,

	F-statistic: 15.62 on 2 and 8 DF,  p-value: 0.001729



	Year
	System Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	577.4
	604.27
	5%
	5%

	2005
	579.2
	558.37
	-4%
	4%

	2006
	648.2
	639.18
	-1%
	1%

	2007
	642.7
	648.14
	1%
	1%

	2008
	623.5
	625.99
	0%
	0%

	2009
	711.2
	701.43
	-1%
	1%

	2010
	681.5
	708.36
	4%
	4%

	2011
	707.1
	658.72
	-7%
	7%

	2012
	555.0
	574.06
	3%
	3%

	2013
	656.0
	663.29
	1%
	1%

	2014
	634.9
	654.95
	3%
	3%

	
	
	Average
	0%
	3%



	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE (in MVA)
	10% PoE (in MVA)

	2015
	665.69
	730.95

	2016
	672.75
	738.01

	2017
	679.91
	745.18

	2018
	687.17
	752.44

	2019
	694.54
	759.80

	2020
	702.01
	767.28

	2021
	709.59
	774.85

	2022
	717.27
	782.54

	2023
	725.07
	790.33

	2024
	732.97
	798.24



	
	50% PoE
	10% PoE

	Year
	Lower Bound
	50% PoE
	Upper Bound
	Lower Bound
	10% PoE
	Upper Bound

	2015
	608.1262
	665.6888
	723.2514
	668.4458
	730.9535
	793.4613

	2016
	613.0261
	672.7496
	732.4730
	673.0783
	738.0143
	802.9503

	2017
	617.7546
	679.9106
	742.0666
	677.5736
	745.1753
	812.7770

	2018
	622.3303
	687.1734
	752.0164
	681.9478
	752.4381
	822.9284

	2019
	626.7718
	694.5395
	762.3072
	686.2163
	759.8042
	833.3921

	2020
	631.0968
	702.0104
	772.9241
	690.3937
	767.2751
	844.1566

	2021
	635.3219
	709.5876
	783.8532
	694.4935
	774.8523
	855.2111

	2022
	639.4626
	717.2724
	795.0823
	698.5282
	782.5371
	866.5461

	2023
	643.5328
	725.0665
	806.6002
	702.5091
	790.3312
	878.1534

	2024
	647.5454
	732.9714
	818.3975
	706.4466
	798.2361
	890.0257





System Winter Forecast

[image: ]



Model Details:	Demand = 491.78 + 11.36*MaxHDD

	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	491.781
	66.239
	7.424
	0.00004

	MaxHDD
	11.363
	4.972
	2.286
	0.04810

	Residual standard error: 16.41 on 9 degrees of freedom

	Multiple R-squared:  0.3673,    Adjusted R-squared:  0.2969 

	F-statistic: 5.224 on 1 and 9 DF,  p-value: 0.04812



	Year
	System Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	627.6
	650.29
	4%
	4%

	2005
	628.5
	622.45
	-1%
	1%

	2006
	677.0
	656.54
	-3%
	3%

	2007
	671.0
	647.45
	-4%
	4%

	2008
	636.6
	638.93
	0%
	0%

	2009
	655.6
	656.54
	0%
	0%

	2010
	645.0
	641.77
	-1%
	1%

	2011
	656.3
	647.45
	-1%
	1%

	2012
	626.3
	635.52
	1%
	1%

	2013
	622.9
	623.02
	0%
	0%

	2014
	623.5
	650.29
	4%
	4%

	
	
	Average
	0%
	2%



	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE (in MVA)
	10% PoE (in MVA)

	2015
	640.6
	650.3

	2016
	640.6
	650.3

	2017
	640.6
	650.3

	2018
	640.6
	650.3

	2019
	640.6
	650.3

	2020
	640.6
	650.3

	2021
	640.6
	650.3

	2022
	640.6
	650.3

	2023
	640.6
	650.3

	2024
	640.6
	650.3



	
	50% PoE
	10% PoE

	Year
	Lower Bound
	50% PoE
	Upper Bound
	Lower Bound
	10% PoE
	Upper Bound

	2015
	609.1603
	640.6330
	672.1057
	618.2878
	650.2913
	682.2948

	2016
	609.1603
	640.6330
	672.1057
	618.2878
	650.2913
	682.2948

	2017
	609.1603
	640.6330
	672.1057
	618.2878
	650.2913
	682.2948

	2018
	609.1603
	640.6330
	672.1057
	618.2878
	650.2913
	682.2948

	2019
	609.1603
	640.6330
	672.1057
	618.2878
	650.2913
	682.2948

	2020
	609.1603
	640.6330
	672.1057
	618.2878
	650.2913
	682.2948

	2021
	609.1603
	640.6330
	672.1057
	618.2878
	650.2913
	682.2948

	2022
	609.1603
	640.6330
	672.1057
	618.2878
	650.2913
	682.2948

	2023
	609.1603
	640.6330
	672.1057
	618.2878
	650.2913
	682.2948

	2024
	609.1603
	640.6330
	672.1057
	618.2878
	650.2913
	682.2948



[bookmark: _Toc408210798]Belconnen Zone 
Belconnen Zone Summer Forecast

Model Selection: Model with variable CDD selected based on stepwise procedures and checking against other statistical criteria. 

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.
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Model Details:	Demand = 40.76 + 1.92 * CDD

	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	40.7555
	4.0825
	9.983
	1.00E-10

	CDD
	1.9194
	0.4431
	4.331
	0.000172

	Residual standard error: 3.762 on 28 degrees of freedom

	Multiple R-squared:  0.4012,    Adjusted R-squared:  0.3798 

	F-statistic: 18.76 on 1 and 28 DF,  p-value: 0.0001718


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
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2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.
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	Year
	Belconnen Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	53.9
	59.4
	10%
	10%

	2005
	53.1
	56.0
	5%
	5%

	2006
	57.3
	62.3
	9%
	9%

	2007
	59.2
	62.3
	5%
	5%

	2008
	59.1
	57.4
	-3%
	3%

	2009
	65.6
	64.2
	-2%
	2%

	2010
	62.8
	63.1
	1%
	1%

	2011
	69.0
	60.6
	-12%
	12%

	2012
	51.3
	55.1
	7%
	7%

	2013
	57.3
	59.6
	4%
	4%

	2014
	58.1
	58.4
	1%
	1%

	
	
	Average
	2.3%
	5.4%



Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads). 
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	59.5
	63.4

	2016
	60.6
	64.5

	2017
	64.4
	68.3

	2018
	68.6
	72.5

	2019
	69.6
	73.5

	2020
	69.6
	73.5

	2021
	69.6
	73.5

	2022
	69.6
	73.5

	2023
	69.6
	73.5

	2024
	69.6
	73.5



4) Graph used in reports/for presentation (incorporating potential future block loads)
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Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Residential 
	Baldwin
	Belconnen
	0.02
	1/10/2014
	90%

	Residential 
	Cameron South
	Belconnen
	0.78
	1/10/2014
	100%

	Commercial 
	Haydon 
	Belconnen
	0.0025
	31/05/2014
	100%

	Commercial 
	Swinden
	Belconnen
	0.32
	1/01/2016
	100%

	Community
	Swinden
	Belconnen
	0.22
	15/09/2014
	100%

	Commercial 
	William Slim
	Belconnen
	0.4
	1/07/2015
	100%

	Commercial
	Swinden
	Belconnen
	0.19
	1/09/2015
	50%

	Commercial 
	Latham 3
	Belconnen
	0.05
	1/01/2016
	100%

	Lawson South Stage 1
	Chuculba & Baldwin
	Belconnen
	2.58
	31/12/2015
	10%

	Lawson South Stage 1
	Maribyrnong
	Belconnen
	2.58
	31/12/2016
	70%

	Lawson South Stage 1
	Maribyrnong
	Belconnen
	2.58
	31/12/2017
	20%

	Lawson South Stage 2
	NA
	Belconnen
	5.20
	31/12/2016
	10%

	Lawson South Stage 2
	NA
	Belconnen
	5.20
	31/12/2017
	70%

	Lawson South Stage 2
	NA
	Belconnen
	5.20
	31/12/2018
	20%

	UC Hospital Expansion
	NA
	Belconnen
	3.00
	31/12/2016
	50%




Belconnen Zone Winter Forecast

Model Selection: Model with variable HDD, selected based on stepwise procedures and checking against other statistical criteria. 

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = 50.80 + 0.437 * HDD


	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	50.8035
	1.5059
	33.735
	< 2e-16

	HDD
	0.4368
	0.1364
	3.202
	0.00315

	Residual standard error: 1.655 on 31 degrees of freedom

	Multiple R-squared:  0.2485,    Adjusted R-squared:  0.2243 

	F-statistic: 10.25 on 1 and 31 DF,  p-value: 0.003151


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]


2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]
	Year
	Belconnen Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	54.7
	56.2
	3%
	3%

	2005
	54.5
	55.8
	2%
	2%

	2006
	56.7
	57.1
	1%
	1%

	2007
	58.3
	56.8
	-3%
	3%

	2008
	56.1
	55.7
	-1%
	1%

	2009
	58.7
	57.1
	-3%
	3%

	2010
	58.6
	56.5
	-4%
	4%

	2011
	58.0
	56.2
	-3%
	3%

	2012
	53.9
	56.3
	5%
	5%

	2013
	53.0
	55.1
	4%
	4%

	2014
	54.8
	56.9
	4%
	4%

	
	
	Average
	0.5%
	2.8%



Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	57.1
	58.3

	2016
	58.8
	59.9

	2017
	63.8
	64.9

	2018
	66.3
	67.5

	2019
	66.9
	68.0

	2020
	66.9
	68.0

	2021
	66.9
	68.0

	2022
	66.9
	68.0

	2023
	66.9
	68.0

	2024
	66.9
	68.0



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]
Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Residential
	Baldwin
	Belconnen
	0.02
	1/10/2014
	90%

	Residential
	Cameron South
	Belconnen
	0.78
	1/10/2014
	100%

	Commercial
	Swinden
	Belconnen
	0.32
	1/01/2016
	100%

	Community
	Swinden
	Belconnen
	0.22
	15/09/2014
	100%

	Commercial
	William Slim
	Belconnen
	0.40
	1/07/2015
	100%

	Commercial
	Swinden
	Belconnen
	0.19
	1/09/2015
	50%

	Commercial
	Latham 3
	Belconnen
	0.05
	1/01/2016
	100%

	Lawson South Stage 1
	Chuculba & Baldwin
	Belconnen
	2.58
	30/06/2016
	45%

	Lawson South Stage 1
	Maribyrnong
	Belconnen
	2.58
	30/06/2017
	45%

	Lawson South Stage 1
	Maribyrnong
	Belconnen
	2.58
	31/12/2017
	10%

	Lawson South Stage 2
	NA
	Belconnen
	5.20
	30/06/2017
	45%

	Lawson South Stage 2
	NA
	Belconnen
	5.20
	30/06/2018
	45%

	Lawson South Stage 2
	NA
	Belconnen
	5.20
	31/12/2018
	10%

	UC Hospital Expansion
	NA
	Belconnen
	3.00
	31/12/2016
	50%




[bookmark: _Toc408210799]City East Zone 
City East Zone Summer Forecast

Model Selection: Model with variable CDD selected based on stepwise procedures and checking against other statistical criteria. Originally chosen model with variables Year and CDD was rejected because the coefficients were unreasonable.
.

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = 57.26 + 2.56 * CDD

	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	57.2648
	4.2599
	13.443
	1.79E-14

	CDD
	2.5552
	0.4745
	5.385
	7.11E-06

	Residual standard error: 4.515 on 31 degrees of freedom

	Multiple R-squared:  0.4833,    Adjusted R-squared:  0.4667 

	F-statistic:    29 on 1 and 31 DF,  p-value: 7.113e-06


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 

[image: ]

2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.


[image: ]
	Year
	City East Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	80.56
	82.05
	2%
	2%

	2005
	78.92
	77.58
	-2%
	2%

	2006
	84.35
	85.88
	2%
	2%

	2007
	87.35
	82.31
	-6%
	6%

	2008
	83.70
	79.37
	-5%
	5%

	2009
	88.55
	88.44
	0%
	0%

	2010
	85.51
	87.03
	2%
	2%

	2011
	83.99
	83.71
	0%
	0%

	2012
	66.90
	76.30
	14%
	14%

	2013
	75.48
	82.31
	9%
	9%

	2014
	77.53
	81.92
	6%
	6%

	
	
	Average
	1.9%
	4.3%


Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	80.8
	88.3

	2016
	84.9
	92.4

	2017
	85.1
	92.6

	2018
	85.1
	92.6

	2019
	85.1
	92.6

	2020
	85.1
	92.6

	2021
	85.1
	92.6

	2022
	85.1
	92.6

	2023
	85.1
	92.6

	2024
	85.1
	92.6



4) Graph used in reports/for presentation (incorporating potential future block loads)
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Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Residential 
	Braddon
	CityEast
	0.25
	1/09/2016
	70%

	Commercial
	Aero Park
	CityEast
	0.90
	1/01/2016
	80%

	Commercial
	Cooyong
	CityEast
	0.65
	15/08/2014
	100%

	Commercial/Residential
	Ferdinand
	CityEast
	1.30
	1/01/2016
	90%

	Commercial/Residential
	Haig Feeder
	CityEast
	0.17
	1/01/2016
	90%

	Commercial/Residential 
	Lonsdale
	CityEast
	0.50
	1/08/2014
	100%

	Commercial 
	Lonsdale
	CityEast
	0.13
	15/07/2014
	100%

	Commercial 
	Mackenzie
	CityEast
	0.55
	15/02/2015
	50%

	Greenfield (Small)
	Mackenzie
	CityEast
	0.26
	15/03/2015
	70%

	Residential
	Mackenzie
	CityEast
	0.41
	1/06/2015
	70%

	Commercial/Restaurant
	Northbourne
	CityEast
	0.10
	1/01/2016
	90%

	Residential
	Mackenzie
	CityEast
	0.39
	1/02/2015
	100%

	Commercial/Residential 
	Lonsdale
	CityEast
	0.43
	1/04/2014
	100%

	Commercial 
	Aero Park
	CityEast
	1.50
	1/06/2015
	100%



City East Zone Winter Forecast

Model Selection: Model with variable HDD, selected based on stepwise procedures and checking against other statistical criteria. 

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = 839.27 – 0.385 * Year + 0.427HDD


	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	839.2662
	215.1677
	3.901
	0.000502

	Year
	-0.3847
	0.1072
	-3.587
	0.00117

	HDD
	0.4267
	0.1897
	2.249
	0.031991

	Residual standard error: 1.933 on 30 degrees of freedom

	Multiple R-squared:   0.35,     Adjusted R-squared:  0.3067 

	F-statistic: 8.078 on 2 and 30 DF,  p-value: 0.001561


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]

2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.
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	Year
	City East Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	72.1
	73.6
	2%
	2%

	2005
	70.1
	72.8
	4%
	4%

	2006
	76.1
	73.8
	-3%
	3%

	2007
	76.2
	73.0
	-4%
	4%

	2008
	73.8
	71.6
	-3%
	3%

	2009
	74.9
	72.6
	-3%
	3%

	2010
	70.8
	71.7
	1%
	1%

	2011
	71.1
	71.1
	0%
	0%

	2012
	69.5
	70.7
	2%
	2%

	2013
	69.0
	69.7
	1%
	1%

	2014
	70.3
	70.5
	0%
	0%

	
	
	Average
	-0.3%
	2.1%



Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	72.8
	73.8

	2016
	74.6
	75.6

	2017
	74.4
	75.3

	2018
	74.0
	75.0

	2019
	73.6
	74.6

	2020
	73.2
	74.2

	2021
	72.8
	73.8

	2022
	72.4
	73.4

	2023
	72.0
	73.0

	2024
	71.7
	72.7



4) Graph used in reports/for presentation (incorporating potential future block loads)
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Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Residential 
	Braddon
	CityEast
	0.25
	1/09/2016
	70%

	Commercial
	Aero Park
	CityEast
	0.90
	1/01/2016
	80%

	Commercial
	Cooyong
	CityEast
	0.65
	15/08/2014
	100%

	Commercial/Residential
	Ferdinand
	CityEast
	1.30
	1/01/2016
	90%

	Commercial/Residential
	Haig Feeder
	CityEast
	0.17
	1/01/2016
	90%

	Commercial/Residential 
	Lonsdale
	CityEast
	0.50
	1/08/2014
	100%

	Commercial 
	Mackenzie
	CityEast
	0.55
	15/02/2015
	50%

	Greenfield (Small)
	Mackenzie
	CityEast
	0.26
	15/03/2015
	70%

	Residential
	Mackenzie
	CityEast
	0.41
	1/06/2015
	70%

	Commercial/Restaurant
	Northbourne
	CityEast
	0.10
	1/01/2016
	90%

	Residential
	Mackenzie
	CityEast
	0.39
	1/02/2015
	100%

	Commercial 
	Aero Park
	CityEast
	1.50
	1/06/2015
	100%



[bookmark: _Toc408210800]Civic Zone 
Civic Zone Summer Forecast

Model Selection: Model with variable CDD selected based on stepwise procedures and checking against other statistical criteria. Note: Civic Zone is missing 2013 data due to some work on the transformers being completed. The forecast is based on 2004-2012 and 2014.

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = 49.614 + 1.06 * CDD

	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	49.6144
	1.5598
	31.809
	< 2e-16

	CDD
	1.06
	0.1774
	5.975
	1.96E-06

	Residual standard error: 2.255 on 28 degrees of freedom

	Multiple R-squared:  0.5604,    Adjusted R-squared:  0.5447 

	F-statistic:  35.7 on 1 and 28 DF,  p-value: 1.958e-06


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
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2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.
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	Year
	Civic Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	58.4
	56.8
	-3%
	3%

	2005
	58.6
	57.7
	-2%
	2%

	2006
	59.3
	61.5
	4%
	4%

	2007
	62.9
	61.5
	-2%
	2%

	2008
	56.9
	58.8
	3%
	3%

	2009
	62.9
	62.5
	-1%
	1%

	2010
	60.6
	62.0
	2%
	2%

	2011
	65.3
	60.6
	-7%
	7%

	2012
	52.5
	55.2
	5%
	5%

	2013
	NA
	59.7
	NA
	NA

	2014

	59.6
	59.8
	0%
	0%

	
	
	Average
	0.1%
	2.6%


Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	                 59.0 
	            61.7 

	2016
	                 59.0 
	            61.7 

	2017
	                 59.2 
	            61.9 

	2018
	                 60.8 
	            63.5 

	2019
	                 62.3 
	            65.0 

	2020
	                 59.1 
	            61.8 

	2021
	                 59.1 
	            61.8 

	2022
	                 59.1 
	            61.8 

	2023
	                 59.1 
	            61.8 

	2024
	                 59.1 
	            61.8 



4) Graph used in reports/for presentation (incorporating potential future block loads)
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Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Residential
	Miller
	Civic
	0.07
	1/05/2014
	90%

	Commercial
	Black Mountian
	Civic
	0.005
	31/05/2014
	100%

	Residential
	Miller
	Civic
	0.01
	1/01/2016
	90%

	Residential
	Miller
	Civic
	0.07
	30/12/2014
	100%

	Molonglo Development
	Black Mth
	Civic
	0.17
	1/02/2017
	100%

	Molonglo Development
	Black Mth
	Civic
	1.63
	1/02/2018
	100%

	Molonglo Development
	Black Mth
	Civic
	1.5
	1/02/2019
	100%

	Molonglo Development
	Black Mth
	Civic
	-3.200
	1/7/2019
	100%




Civic Zone Winter Forecast

Model Selection: Model with variables Year and HDD, selected based on stepwise procedures and checking against other statistical criteria. Note: Civic Zone is missing 2013 data due to some work on the transformers being completed. The forecast is based on 2004-2012 and 2014.

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = 472.13 – 0.212 * Year + 0.64 * HDD
	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	472.1302
	138.44415
	3.41
	0.002056

	MinTemp
	-0.21181
	0.06887
	-3.076
	0.004769

	3DayHDD
	0.6382
	0.14269
	4.473
	0.000126

	Residual standard error: 1.144 on 27 degrees of freedom

	Multiple R-squared:  0.5378,    Adjusted R-squared:  0.5035 

	F-statistic: 15.71 on 2 and 27 DF,  p-value: 2.989e-05


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]


2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Civic Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	54.08
	55.51
	3%
	3%

	2005
	53.08
	54.69
	3%
	3%

	2006
	58.51
	56.49
	-3%
	3%

	2007
	55.42
	55.77
	1%
	1%

	2008
	54.57
	53.93
	-1%
	1%

	2009
	55.65
	55.85
	0%
	0%

	2010
	54.27
	54.81
	1%
	1%

	2011
	54.84
	54.28
	-1%
	1%

	2012
	52.78
	53.56
	1%
	1%

	2013
	NA
	NA
	NA
	NA

	2014
	51.63
	53.14
	3%
	3%

	
	
	Average
	0.6%
	1.6%



Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	52.7
	54.2

	2016
	52.5
	54.0

	2017
	53.3
	54.7

	2018
	54.6
	56.1

	2019
	51.9
	53.3

	2020
	51.7
	53.1

	2021
	51.5
	52.9

	2022
	51.2
	52.7

	2023
	51.0
	52.5

	2024
	50.8
	52.3



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]
Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Residential
	Miller
	Civic
	0.010
	1/01/2016
	90%

	Residential
	Miller
	Civic
	0.070
	30/12/2014
	100%

	Molonglo Development
	Black Mth
	Civic
	0.985
	1/08/2017
	100%

	Molonglo Development
	Black Mth
	Civic
	1.565
	1/08/2018
	100%

	Molonglo Development
	Black Mth
	Civic
	-2.550
	1/7/2019
	100%




[bookmark: _Toc408210801]East Lake Zone
East Lake Zone Summer Forecast

· Historical Fyshwick Summer Demand Trend Growth is 1.057 MVA per annum;
· East Lake Zone Substation summer trend growth = 50% × Historical Fyshwick Trend Growth = 0.528 MVA per annum;
· Base Year = 2014 summer peak demand load = 8.15 MVA 
· Peak Demand Forecast (MVA) = Base Year + Cumulated Trend Growth + Cumulated Load Transfer 


	Final Forecast 

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	16.5 
	16.5 

	2016
	26.7 
	26.7 

	2017
	27.2 
	27.2 

	2018
	40.9 
	40.9 

	2019
	41.4 
	41.4 

	2020
	41.9 
	41.9 

	2021
	42.4 
	42.4 

	2022
	43.0 
	43.0 

	2023
	43.5 
	43.5 

	2024
	44.0 
	44.0 



Supporting Document: Permanent Load Transfers
	
From
	
	To
	
Coincidence Factor
	
Est. Max Demand

	Zone Sub
	Feeder
	Date
	Zone Sub
	Feeder
	
	

	
Fyshwick
	
Domayne
	
15/07/2014
	
East Lake
	
Cessnock
	
90%
	
3.00 MVA

	
Fyshwick
	
Barrier
	
09/07/2014
	
East Lake
	
Isa
	
90%
	
2.00 MVA

	
Fyshwick
	
Collie
	
13/08/2014
	
East Lake
	
Lyell
	
90%
	
3.70 MVA

	
Fyshwick
	
NA
	
01/07/2015
	
East Lake
	
NA
	
100%
	
9.67 MVA

	
Fyshwick
	
NA
	
01/07/2017
	
East Lake
	
NA
	
100%
	
13.10 MVA





East Lake Zone Winter Forecast

· Historical Fyshwick Winter Demand Trend Growth is 0.479 MVA per annum;
· East Lake Zone Substation Winter trend growth = 50% × Historical Fyshwick Trend Growth = 0.24 MVA per annum;
· Base Year = 2014 winter peak demand load = 16.7 MVA
· Peak Demand Forecast (MVA) = Base Year + Cumulated Trend Growth + Cumulated Load Transfer

	Final Forecast 

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	26.6
	26.6

	2016
	26.8
	26.8

	2017
	40.2
	40.2

	2018
	40.4
	40.4

	2019
	40.6
	40.6

	2020
	40.9
	40.9

	2021
	41.1
	41.1

	2022
	41.4
	41.4

	2023
	41.6
	41.6

	2024
	41.8
	41.8




Supporting Document: Permanent Load Transfers

	
From
	
	To
	
Coincidence Factor
	
Est. Max Demand

	Zone Sub
	Feeder
	Date
	Zone Sub
	Feeder
	
	

	
Fyshwick
	
NA
	
01/07/2015
	
East Lake
	
NA
	
100%
	
9.67 MVA

	
Fyshwick
	
NA
	
01/07/2017
	
East Lake
	
NA
	
100%
	
13.10 MVA
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Fyshwick Zone Summer Forecast

Model Selection: Model with variables Year and CDD selected based on stepwise procedures and checking against other statistical criteria. Note: permanent switching configurations have been accounted for in this Fyshwick forecast.

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = -2108.2 + 1.0568 * Year + 1.074CDD
	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	-2108.1765
	390.1303
	-5.404
	7.45E-06

	Year
	1.0568
	0.1941
	5.446
	6.62E-06

	CDD
	1.0739
	0.29
	3.703
	0.000857

	Residual standard error: 3.51 on 30 degrees of freedom

	Multiple R-squared:  0.571,     Adjusted R-squared:  0.5425 

	F-statistic: 19.97 on 2 and 30 DF,  p-value: 3.063e-06


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]


2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Fyshwick Peak (MVA)*
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	16.3
	20.2
	24%
	24%

	2005
	18.3
	19.3
	5%
	5%

	2006
	21.4
	23.9
	12%
	12%

	2007
	21.4
	23.4
	10%
	10%

	2008
	24.7
	23.0
	-7%
	7%

	2009
	29.9
	28.1
	-6%
	6%

	2010
	32.0
	28.6
	-11%
	11%

	2011
	32.5
	28.3
	-13%
	13%

	2012
	24.3
	23.9
	-2%
	2%

	2013
	27.2
	29.8
	10%
	10%

	2014
	23.9
	30.7
	29%
	29%

	
	
	Average
	5%
	11%



Final Model/Forecast (including block loads, future load transfer and trend growth adjustment):
3) Historical summer trend growth is 1.057 MVA per annum, as this growth is assumed to be equally shared with East Lake Zone Substation. Therefore, the adjusted new trend growth is 0.5284 MVA per annum (50% of historical trend growth). Graph and table showing the final forecast (incorporating potential future block loads and load transfer).
[image: ]

	Final Forecast (Incorporating Block Loads & Load Transfer)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	30.3
	32.9

	2016
	22.1
	24.7

	2017
	22.6
	25.2

	2018
	10.0
	12.7

	2019
	10.6
	13.2

	2020
	11.1
	13.7

	2021
	11.6
	14.3

	2022
	12.2
	14.8

	2023
	12.7
	15.3

	2024
	13.2
	15.8



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]
Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Commercial
	Gladstone
	Fyshwick
	0.05
	15/12/2014
	90%

	Commercial
	Abattoir
	Fyshwick
	0.15
	3/03/2014
	90%

	Commercial
	Abattoir
	Fyshwick
	0.06
	10/07/2014
	90%

	Temporary Supply 
	Abattoir
	Fyshwick
	0.16
	26/05/2014
	100%

	Commercial 
	Newcastle
	Fyshwick
	0.0025
	31/05/2014
	100%

	commercial
	Pialligo
	Fyshwick
	0.75
	1/06/2014
	100%

	Commercial 
	Lyell 2
	Fyshwick
	1.5
	1/06/2015
	100%





Fyshwick Zone Substation Winter Forecast

Model Selection: Model with variables Year and HDD, selected based on stepwise procedures and checking against other statistical criteria. Note: permanent switching configurations have been accounted for in this Fyshwick Zone Substation forecast.

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = -942.1 + 0.479 * Year 

	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	-942.097
	301.326
	-3.127
	-942.097

	Year
	0.479
	0.15
	3.194
	0.479

	Residual standard error: 2.725 on 31 degrees of freedom

	Multiple R-squared:  0.2476,    Adjusted R-squared:  0.2233 

	F-statistic:  10.2 on 1 and 31 DF,  p-value: 0.003218


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]


2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Fyshwick Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	15.4
	17.8
	16%
	16%

	2005
	16.7
	18.3
	10%
	10%

	2006
	19.9
	18.8
	-5%
	5%

	2007
	19.5
	19.3
	-1%
	1%

	2008
	21.6
	19.7
	-9%
	9%

	2009
	22.7
	20.2
	-11%
	11%

	2010
	22.8
	20.7
	-9%
	9%

	2011
	27.2
	21.2
	-22%
	22%

	2012
	23.3
	21.7
	-7%
	7%

	2013
	20.5
	22.1
	8%
	8%

	2014
	18.3
	22.6
	24%
	24%

	
	
	Average
	-1%
	11%



Final Model/Forecast (including block loads, load transfers and trend growth adjustment):
3) Historical winter trend growth is 0.479 MVA per annum, as this growth is assumed to be equally shared with East Lake Zone Substation. Therefore, the adjusted new trend growth is 0.24 MVA per annum (50% of historical trend growth). Graph and table showing the final forecast (incorporating potential future block loads and load transfers).
 [image: ]

	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	14.4
	14.4

	2016
	14.7
	14.7

	2017
	1.8
	1.8

	2018
	2.1
	2.1

	2019
	2.3
	2.3

	2020
	2.5
	2.5

	2021
	2.8
	2.8

	2022
	3.0
	3.0

	2023
	3.3
	3.3

	2024
	3.5
	3.5



4) Graph used in reports/for presentation (incorporating potential future block loads and load transfers)
[image: ]
Supporting Document: Block Load Data

	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Commercial
	Gladstone
	Fyshwick
	0.05
	15/12/2014
	90%

	Commercial 
	Lyell 2
	Fyshwick
	1.5
	1/06/2015
	100%
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Gilmore Zone Substation Summer Forecast

Model Selection: Model with variables Year, MaxTemp and 3DayCDD selected based on stepwise procedures and checking against other statistical criteria. 

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = -1690 + 0.845 * Year + 0.244*MaxTemp + 0.0953 * 3DayCDD

	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	-1689.65
	172.70
	-9.7840
	1.08E-10

	Year
	0.84493
	0.0859
	9.8340
	9.63E-11

	MaxTemp
	0.24402
	0.0871
	2.8020
	0.00895

	3DayCDD
	0.09530
	0.0477
	1.9990
	0.05511

	Residual standard error: 1.56 on 29 degrees of freedom

	Multiple R-squared:  0.7991,    Adjusted R-squared:  0.7784 

	F-statistic: 38.46 on 3 and 29 DF,  p-value: 3.096e-10


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]
2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Gilmore Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	15.66
	14.63
	-7%
	7%

	2005
	15.77
	15.48
	-2%
	2%

	2006
	17.43
	16.71
	-4%
	4%

	2007
	16.03
	17.38
	8%
	8%

	2008
	16.03
	17.38
	8%
	8%

	2009
	18.66
	20.91
	12%
	12%

	2010
	19.87
	20.88
	5%
	5%

	2011
	22.52
	20.15
	-11%
	11%

	2012
	18.91
	19.61
	4%
	4%

	2013
	22.69
	22.98
	1%
	1%

	2014
	26.30
	24.16
	-8%
	8%

	
	
	Average
	0.7%
	6.4%


Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
[image: ]

	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	25.3
	25.7

	2016
	26.2
	26.5

	2017
	27.0
	27.4

	2018
	27.9
	28.2

	2019
	28.7
	29.1

	2020
	29.5
	29.9

	2021
	30.4
	30.7

	2022
	31.2
	31.6

	2023
	32.1
	32.4

	2024
	32.9
	33.3



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]
Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Commercial 
	Monaro
	Gilmore
	0.07
	15/04/2014
	100%

	Commercial 
	Tralee
	Gilmore
	0.62
	1/01/2016
	100%

	Commercial 
	Tralee
	Gilmore
	0.3
	1/11/2014
	100%

	Commercial 
	Tralee
	Gilmore
	0.07
	1/12/2014
	90%

	Commercial 
	Tralee
	Gilmore
	0.06
	10/10/2014
	100%




Gilmore Zone Substation Winter Forecast	

Model Selection: There is an obvious increasing trend in winter demand at Gilmore Zone Substation over the most recent 6 years. Hence, the previous years are disregarded when modelling. Only the variable Year was found to be significant in the model, leading to the 50% and 10% PoE forecasts being the same (since there are no weather variables).

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = -2065.37 + 1.039 * Year
	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	-2065.372738
	1.35E+02
	-15.29
	3.93E-12

	Year
	1.039167
	6.72E-02
	15.47
	3.20E-12

	Residual standard error: 0.6157 on 19 degrees of freedom

	Multiple R-squared:  0.9264,    Adjusted R-squared:  0.9226 

	F-statistic: 239.3 on 1 and 19 DF,  p-value: 3.195e-12


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]


2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Gilmore Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	 
	 
	 
	 

	2005
	 
	 
	 
	 

	2006
	 
	 
	 
	 

	2007
	 
	 
	 
	 

	2008
	21.8
	21.3
	-3%
	3%

	2009
	22.4
	22.3
	0%
	0%

	2010
	23.3
	23.4
	0%
	0%

	2011
	24.8
	24.4
	-1%
	1%

	2012
	25.5
	25.4
	0%
	0%

	2013
	26.2
	26.5
	1%
	1%

	2014
	29.5
	27.5
	-7%
	7%

	
	
	Average
	-1.4%
	1.7%


Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	29.0
	29.0

	2016
	30.0
	30.0

	2017
	31.0
	31.0

	2018
	32.1
	32.1

	2019
	33.1
	33.1

	2020
	34.2
	34.2

	2021
	35.2
	35.2

	2022
	36.2
	36.2

	2023
	37.3
	37.3

	2024
	38.3
	38.3



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]
Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Commercial 
	Tralee
	Gilmore
	0.62
	1/01/2016
	100%

	Commercial 
	Tralee
	Gilmore
	0.3
	1/11/2014
	100%

	Commercial 
	Tralee
	Gilmore
	0.07
	1/12/2014
	90%

	Commercial 
	Tralee
	Gilmore
	0.06
	10/10/2014
	100%
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Gold Creek Zone Substation Summer Forecast

Model Selection: Model with variables Year, MaxTemp and 3DayCDD selected based on stepwise procedures and checking against other statistical criteria. 

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = -6902.5 + 3.44 * Year + 0.382 * MaxTemp + 0.179 * 3DayCDD

	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	-6902.5
	238.0
	-29.004
	< 2e-16

	Year
	3.4436
	0.1196
	28.794
	< 2e-16

	CDD
	0.3818
	0.1632
	2.339
	0.02729

	3DayCDD
	0.1791
	0.0589
	3.042
	0.00531

	Residual standard error: 1.913 on 26 degrees of freedom

	Multiple R-squared:  0.9764,    Adjusted R-squared:  0.9737 

	F-statistic: 359.3 on 3 and 26 DF,  p-value: < 2.2e-16


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]

2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Gold Creek Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	16.4
	17.7
	8%
	8%

	2005
	17.8
	19.7
	11%
	11%

	2006
	24.8
	24.0
	-3%
	3%

	2007
	26.4
	26.9
	2%
	2%

	2008
	28.2
	29.1
	3%
	3%

	2009
	38.8
	37.3
	-4%
	4%

	2010
	37.3
	39.1
	5%
	5%

	2011
	43.9
	40.3
	-8%
	8%

	2012
	36.3
	40.8
	12%
	12%

	2013
	48.5
	47.5
	-2%
	2%

	2014
	53.7
	52.7
	-2%
	2%

	
	
	Average
	2.0%
	5.5%



Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	55.2
	56.6

	2016
	58.6
	60.0

	2017
	62.1
	63.5

	2018
	65.5
	66.9

	2019
	69.0
	70.4

	2020
	72.4
	73.8

	2021
	75.8
	77.2

	2022
	79.3
	80.7

	2023
	82.7
	84.1

	2024
	86.2
	87.6



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]
Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Commercial
	Boulevard North
	GoldCreek
	0.19
	12/05/2014
	90%

	Commercial
	West 2
	GoldCreek
	0.08
	28/02/2014
	90%

	Residential 
	Nona
	GoldCreek
	0.22
	1/02/2015
	90%

	Residential & Commercial 
	Gurrang
	GoldCreek
	0.20
	1/02/2015
	90%

	Rural Residential
	Lander 2
	GoldCreek
	0.16
	1/01/2016
	90%

	Residential 
	Meacham
	GoldCreek
	0.15
	1/01/2016
	100%

	Residential 
	Anthony Rolf 
	GoldCreek
	0.50
	1/01/2015
	100%

	Commercial
	West 
	GoldCreek
	0.23
	1/08/2015
	90%

	Temporary Supply 
	Nona
	GoldCreek
	0.11
	15/06/2014
	100%

	Residential 
	Nona 
	GoldCreek
	0.16
	1/01/2015
	100%

	Residential 
	Nona 
	GoldCreek
	0.10
	1/06/2015
	100%

	Commercial/Residential
	Gurrang 
	GoldCreek
	0.90
	1/01/2016
	90%

	Commercial
	Anthony Rolf 
	GoldCreek
	0.11
	15/10/2014
	90%

	Commercial
	Nona
	GoldCreek
	1.00
	1/06/2015
	90%

	Commercial
	Maribyrnong 4
	GoldCreek
	0.09
	1/01/2016
	90%



Gold Creek Zone Substation Winter Forecast

Model Selection: Model with variables Year and 3DayHDD, selected based on stepwise procedures and checking against other statistical criteria. 3DayHDD is marginally significant.

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = -6328 + 3.168 * Year + 0.085 * 3DayHDD 


	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	-6328.159
	1.48E+02
	-42.708
	<2e-16

	Year
	3.16836
	7.36E-02
	43.05
	<2e-16

	3DayHDD
	0.085074
	4.50E-02
	1.889
	0.0686

	Residual standard error: 1.291 on 30 degrees of freedom

	Multiple R-squared:  0.9848,    Adjusted R-squared:  0.9838 

	F-statistic: 972.7 on 2 and 30 DF,  p-value: < 2.2e-16


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]

2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Gold Creek Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	26.0
	24.0
	-8%
	8%

	2005
	27.6
	26.3
	-5%
	5%

	2006
	28.6
	30.5
	7%
	7%

	2007
	34.9
	33.8
	-3%
	3%

	2008
	36.4
	36.9
	1%
	1%

	2009
	37.7
	39.0
	3%
	3%

	2010
	42.6
	42.7
	0%
	0%

	2011
	47.1
	46.1
	-2%
	2%

	2012
	48.2
	48.9
	1%
	1%

	2013
	53.1
	52.5
	-1%
	1%

	2014
	56.9
	55.3
	-3%
	3%

	
	
	Average
	-0.8%
	3.2%



Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	59.2
	59.2

	2016
	62.4
	62.4

	2017
	65.5
	65.5

	2018
	68.7
	68.7

	2019
	71.9
	71.9

	2020
	75.0
	75.0

	2021
	78.2
	78.2

	2022
	81.4
	81.4

	2023
	84.6
	84.6

	2024
	87.7
	87.7



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]
Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Residential 
	Nona
	GoldCreek
	0.22
	1/02/2015
	90%

	Residential & Commercial 
	Gurrang
	GoldCreek
	0.20
	1/02/2015
	90%

	Rural Residential
	Lander 2
	GoldCreek
	0.16
	1/01/2016
	90%

	Residential 
	Meacham
	GoldCreek
	0.15
	1/01/2016
	100%

	Residential 
	Anthony Rolf 
	GoldCreek
	0.50
	1/01/2015
	100%

	Commercial
	West 
	GoldCreek
	0.23
	1/08/2015
	90%

	Residential 
	Nona 
	GoldCreek
	0.16
	1/01/2015
	100%

	Residential 
	Nona 
	GoldCreek
	0.10
	1/06/2015
	100%

	Commercial/Residential
	Gurrang 
	GoldCreek
	0.90
	1/01/2016
	90%

	Commercial
	Anthony Rolf 
	GoldCreek
	0.11
	15/10/2014
	90%

	Commercial
	Nona
	GoldCreek
	1.00
	1/06/2015
	90%

	Commercial
	Maribyrnong 4
	GoldCreek
	0.09
	1/01/2016
	90%
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Latham Zone Substation Summer Forecast

Model Selection: Model with variables Year and CDD, selected based on stepwise procedures and checking against other statistical criteria.

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = -1932.7 + 0.98 * Year + 1.298 * CDD

	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	-1932.7141
	300.2426
	-6.437
	6.74E-07

	Year
	0.9811
	0.1499
	6.546
	5.09E-07

	CDD
	1.298
	0.347
	3.74
	0.000876

	Residual standard error: 2.504 on 27 degrees of freedom

	Multiple R-squared:  0.7356,    Adjusted R-squared:  0.716 

	F-statistic: 37.55 on 2 and 27 DF,  p-value: 1.591e-08


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]


2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Latham Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	42.81
	45.89
	7%
	7%

	2005
	43.47
	45.90
	6%
	6%

	2006
	49.12
	49.86
	2%
	2%

	2007
	49.9
	49.03
	-2%
	2%

	2008
	46.57
	48.26
	4%
	4%

	2009
	55.56
	54.23
	-2%
	2%

	2010
	54.69
	53.98
	-1%
	1%

	2011
	56.69
	51.46
	-9%
	9%

	2012
	45.51
	50.88
	12%
	12%

	2013
	52.58
	54.91
	4%
	4%

	2014
	55.64
	55.44
	0%
	0%

	
	
	Average
	1.7%
	4.5%



Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
[image: ]

	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	           56.2 
	           57.9 

	2016
	           57.2 
	           58.9 

	2017
	           58.2 
	           59.9 

	2018
	           59.1 
	           60.9 

	2019
	           60.1 
	           61.9 

	2020
	           61.1 
	           62.8 

	2021
	           62.1 
	           63.8 

	2022
	           63.1 
	           64.8 

	2023
	           59.1 
	           60.8 

	2024
	           60.0 
	           61.8 



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]
Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Commercial
	Tilyard Feeder
	Latham
	0.23
	1/02/2014
	90%

	Residential 
	Conley  Feeder
	Latham
	0.03
	1/08/2014
	90%

	Community
	Lhotsky  Feeder
	Latham
	0.07
	1/02/2015
	70%

	Residential 
	Macrossan Feeder
	Latham
	0.02
	1/01/2016
	90%

	West Belconnen development
	NA
	Latham
	-5.00
	1/07/2022
	100%




Latham Zone Substation Winter Forecast

Model Selection: Model with variable 3DayHDD, selected based on stepwise procedures and checking against other statistical criteria.

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = 62.984+ 0.2075 * 3DayHDD


	Model Coefficients

	 
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	62.98406
	1.97175
	31.943
	< 2e-16

	3DayHDD
	0.20751
	0.07278
	2.851
	0.00768

	Residual standard error: 1.967 on 31 degrees of freedom

	Multiple R-squared:  0.2078,    Adjusted R-squared:  0.1822 

	F-statistic: 8.131 on 1 and 31 DF,  p-value: 0.007678


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]


2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Latham Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	68.4
	68.5
	0%
	0%

	2005
	69.9
	67.6
	-3%
	3%

	2006
	73.3
	70.1
	-4%
	4%

	2007
	73.2
	70.4
	-4%
	4%

	2008
	69.6
	70.3
	1%
	1%

	2009
	68.0
	67.7
	0%
	0%

	2010
	70.9
	69.0
	-3%
	3%

	2011
	69.8
	69.5
	0%
	0%

	2012
	66.3
	69.5
	5%
	5%

	2013
	69.0
	69.7
	1%
	1%

	2014
	68.1
	68.9
	1%
	1%

	
	
	Average
	-0.6%
	2.1%


Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Winter ending Aug
	50% PoE (in MVA)
	50% PoE (in MVA)

	2015
	69.6
	71.1

	2016
	70.6
	72.1

	2017
	71.6
	73.1

	2018
	72.6
	74.1

	2019
	73.6
	75.1

	2020
	74.6
	76.1

	2021
	75.6
	77.1

	2022
	70.6
	72.1

	2023
	70.6
	72.1

	2024
	70.6
	72.1




4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]
Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Residential 
	Conley  Feeder
	Latham
	0.03
	1/08/2014
	90%

	Community
	Lhotsky  Feeder
	Latham
	0.07
	1/02/2015
	70%

	Residential 
	Macrossan Feeder
	Latham
	0.02
	1/01/2016
	90%

	West Belconnen development
	NA
	Latham
	1.00
	1/07/2015
	100%

	West Belconnen development
	NA
	Latham
	1.00
	1/07/2016
	100%

	West Belconnen development
	NA
	Latham
	1.00
	1/07/2017
	100%

	West Belconnen development
	NA
	Latham
	1.00
	1/07/2018
	100%

	West Belconnen development
	NA
	Latham
	1.00
	1/07/2019
	100%

	West Belconnen development
	NA
	Latham
	1.00
	1/07/2020
	100%

	West Belconnen development
	NA
	Latham
	1.00
	1/07/2021
	100%

	West Belconnen development
	NA
	Latham
	-5.00
	1/07/2022
	100%



[bookmark: _Toc405809701][bookmark: _Toc405809972][bookmark: _Toc408210806]Telopea Park Zone Substation
Telopea Park Zone Substation Summer Forecast

Model Selection: Model with variables Year, CDD and 3DayCDD selected based on stepwise procedures and checking against other statistical criteria. 

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = -2263.92 + 1.167 * Year + 1.374 * CDD 

	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	-2263.91970
	515.662
	-4.390
	0.000157

	Year
	1.16700
	0.257
	4.537
	0.000106

	CDD
	1.37350
	0.529
	2.598
	0.015016

	Residual standard error: 4.358 on 27 degrees of freedom

	Multiple R-squared:  0.5557,    Adjusted R-squared:  0.5227 

	F-statistic: 16.88 on 2 and 27 DF,  p-value: 1.755e-05


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]
2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Telopea Park Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	88.1
	88.1
	0%
	0%

	2005
	87.3
	86.9
	0%
	0%

	2006
	95.0
	92.5
	-3%
	3%

	2007
	91.8
	93.8
	2%
	2%

	2008
	88.6
	91.4
	3%
	3%

	2009
	99.7
	97.4
	-2%
	2%

	2010
	94.7
	97.8
	3%
	3%

	2011
	107.0
	97.2
	-9%
	9%

	2012
	83.3
	91.4
	10%
	10%

	2013
	97.5
	98.8
	1%
	1%

	2014
	99.7
	99.7
	0%
	0%

	
	
	Average
	0.5%
	3.1%


Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	100.0
	103.1

	2016
	103.3
	106.4

	2017
	104.4
	107.5

	2018
	105.6
	108.7

	2019
	106.8
	109.9

	2020
	107.9
	111.0

	2021
	109.1
	112.2

	2022
	110.3
	113.4

	2023
	111.4
	114.5

	2024
	112.6
	115.7



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]


Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Residential 
	Mundaring 
	TelopeaPark
	0.26
	1/03/2015
	90%

	Commercial
	Mundaring
	TelopeaPark
	0.05
	1/03/2014
	90%

	Residential
	Belmore 2
	TelopeaPark
	0.19
	30/06/2014
	100%

	Commercial
	Dairy South
	TelopeaPark
	0.12
	30/06/2015
	90%

	Residential
	Jardine
	TelopeaPark
	0.12
	1/01/2016
	90%

	Residential 
	Mundarin
	TelopeaPark
	0.45
	1/01/2016
	90%

	Commercial / Residential
	STURT
	TelopeaPark
	0.18
	1/01/2016
	90%

	Residential
	Ovens
	TelopeaPark
	0.41
	1/01/2016
	70%

	Residential
	Ovens
	TelopeaPark
	0.31
	1/01/2016
	70%

	Residential
	Ovens
	TelopeaPark
	0.13
	1/01/2016
	70%

	Residential
	Ovens
	TelopeaPark
	0.41
	1/01/2016
	70%

	Residential 
	Throsby 
	TelopeaPark
	0.45
	10/04/2015
	90%

	Commercial / Residential
	Young
	TelopeaPark
	0.79
	1/01/2016
	100%

	Commercial
	Telopea Park East
	TelopeaPark
	0.11
	1/01/2016
	90%

	Embassy 
	Empire 2
	TelopeaPark
	0.11
	25/04/2015
	70%




Telopea Park Zone Substation Winter Forecast

Model Selection: Model with variables Year and 3DayHDD, selected based on stepwise procedures and checking against other statistical criteria. 

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = -2115.62 + 1.09 * Year + 0.338 * 3DayHDD 


	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	-2115.6229
	369.7447
	-5.722
	3.04E-06

	Year
	1.0914
	0.1832
	5.959
	1.57E-06

	3DayHDD
	0.3381
	0.1321
	2.56
	0.0157

	Residual standard error: 2.935 on 30 degrees of freedom

	Multiple R-squared:  0.5426,    Adjusted R-squared:  0.5121 

	F-statistic: 17.79 on 2 and 30 DF,  p-value: 8.038e-06


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]


2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Telopea Park Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	81.7
	83.4
	2%
	2%

	2005
	79.8
	83.0
	4%
	4%

	2006
	90.9
	86.5
	-5%
	5%

	2007
	89.0
	86.9
	-2%
	2%

	2008
	85.7
	86.3
	1%
	1%

	2009
	86.3
	87.5
	1%
	1%

	2010
	90.8
	89.3
	-2%
	2%

	2011
	89.7
	88.9
	-1%
	1%

	2012
	89.4
	89.8
	0%
	0%

	2013
	88.2
	90.5
	3%
	3%

	2014
	93.9
	92.2
	-2%
	2%

	
	
	Average
	0.0%
	2.1%



Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	93.9
	95.0

	2016
	96.4
	97.4

	2017
	97.5
	98.5

	2018
	98.6
	99.6

	2019
	99.7
	100.7

	2020
	100.7
	101.8

	2021
	101.8
	102.9

	2022
	102.9
	104.0

	2023
	104.0
	105.1

	2024
	105.1
	106.2



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]
Supporting Document: Block Load Data

	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Residential 
	Mundaring 
	TelopeaPark
	0.26
	1/03/2015
	90%

	Commercial
	Dairy South
	TelopeaPark
	0.12
	30/06/2015
	90%

	Residential
	Jardine
	TelopeaPark
	0.12
	1/01/2016
	90%

	Residential 
	Mundarin
	TelopeaPark
	0.45
	1/01/2016
	90%

	Commercial / Residential
	STURT
	TelopeaPark
	0.18
	1/01/2016
	90%

	Residential
	Ovens
	TelopeaPark
	0.41
	1/01/2016
	70%

	Residential
	Ovens
	TelopeaPark
	0.31
	1/01/2016
	70%

	Residential
	Ovens
	TelopeaPark
	0.13
	1/01/2016
	70%

	Residential
	Ovens
	TelopeaPark
	0.41
	1/01/2016
	70%

	Residential 
	Throsby 
	TelopeaPark
	0.45
	10/04/2015
	90%

	Commercial / Residential
	Young
	TelopeaPark
	0.79
	1/01/2016
	100%

	Commercial
	Telopea Park East
	TelopeaPark
	0.11
	1/01/2016
	90%

	Embassy 
	Empire 2
	TelopeaPark
	0.11
	25/04/2015
	70%



[bookmark: _Toc408210807]Theodore Zone Substation
Theodore Zone Substation Summer Forecast 

Model Selection: Model with variables Year and 3DayCDD selected based on stepwise procedures and checking against other statistical criteria. 

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = -1455.15 + 0.7342 * Year + 0.2133 * 3DayCDD

	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	-1455.00
	281.20
	-5.176
	1.42E-05

	Year
	0.7342
	0.1398
	5.25
	1.15E-05

	3DayCDD
	0.2133
	0.0591
	3.608
	0.00111

	Residual standard error: 2.478 on 30 degrees of freedom

	Multiple R-squared:  0.5304,    Adjusted R-squared:  0.4991 

	F-statistic: 16.94 on 2 and 30 DF,  p-value: 1.19e-05


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]


2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Theodore Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	18.5
	22.2
	20%
	20%

	2005
	18.9
	21.4
	13%
	13%

	2006
	22.8
	23.2
	2%
	2%

	2007
	23.8
	22.5
	-6%
	6%

	2008
	26.6
	22.8
	-14%
	14%

	2009
	29.2
	27.1
	-7%
	7%

	2010
	27.2
	26.1
	-4%
	4%

	2011
	28.3
	24.8
	-12%
	12%

	2012
	22.9
	23.8
	4%
	4%

	2013
	25.8
	28.0
	9%
	9%

	2014
	28.0
	29.1
	4%
	4%

	
	
	Average
	0.7%
	8.6%


Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	28.4
	29.9

	2016
	29.1
	30.6

	2017
	29.9
	31.4

	2018
	30.6
	32.1

	2019
	31.3
	32.8

	2020
	32.1
	33.6

	2021
	32.8
	34.3

	2022
	33.5
	35.0

	2023
	34.3
	35.8

	2024
	35.0
	36.5



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]
Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Fire Station
	Callister
	Theodore
	0.1
	1/01/2016
	90%

	Residential 
	Chippindall
	Theodore
	0.5
	1/02/2015
	90%




Theodore Zone Substation Winter Forecast

Model Selection: Model with variables 3DayHDD, selected based on stepwise procedures and checking against other statistical criteria. 

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = 26.726 + 0.099 * 3DayHDD 


	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	26.72597
	0.8035
	33.262
	<2e-16

	3DayHDD
	0.09915
	0.0304
	3.262
	0.0027

	Residual standard error: 1.027 on 31 degrees of freedom

	Multiple R-squared:  0.2555,    Adjusted R-squared:  0.2315 

	F-statistic: 10.64 on 1 and 31 DF,  p-value: 0.002695


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]


2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Theodore Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	29.4
	30.4
	3%
	3%

	2005
	29.6
	28.9
	-2%
	2%

	2006
	32.3
	30.1
	-7%
	7%

	2007
	32.0
	30.3
	-5%
	5%

	2008
	30.2
	29.8
	-1%
	1%

	2009
	29.3
	29.0
	-1%
	1%

	2010
	30.4
	29.6
	-3%
	3%

	2011
	29.4
	29.2
	-1%
	1%

	2012
	28.8
	29.5
	3%
	3%

	2013
	28.8
	29.9
	4%
	4%

	2014
	28.4
	29.6
	4%
	4%

	
	
	Average
	-0.5%
	3.1%



Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	29.0
	30.1

	2016
	29.1
	30.2

	2017
	29.1
	30.2

	2018
	29.1
	30.2

	2019
	29.1
	30.2

	2020
	29.1
	30.2

	2021
	29.1
	30.2

	2022
	29.1
	30.2

	2023
	29.1
	30.2

	2024
	29.1
	30.2



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]
Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Fire Station
	Callister
	Theodore
	0.1
	1/01/2016
	90%

	Residential 
	Chippindall
	Theodore
	0.5
	1/02/2015
	90%





[bookmark: _Toc408210808]Wanniassa Zone Substation
Wanniassa Zone Substation Summer Forecast

Model Selection: Model with variables Year and CDD selected based on stepwise procedures and checking against other statistical criteria. 

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = -1370.87 + 0.707 * Year + 2.09 * CDD

	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	-1370.8745
	403.6116
	-3.397
	0.00213

	Year
	0.7071
	0.2014
	3.512
	0.00158

	CDD
	2.0903
	0.4496
	4.649
	7.83E-05

	Residual standard error: 3.41 on 27 degrees of freedom

	Multiple R-squared:  0.6131,    Adjusted R-squared:  0.5844 

	F-statistic: 21.39 on 2 and 27 DF,  p-value: 2.707e-06


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]


2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Wanniassa Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	61.5
	66.4
	8%
	8%

	2005
	64.1
	63.5
	-1%
	1%

	2006
	69.5
	71.0
	2%
	2%

	2007
	70.3
	71.8
	2%
	2%

	2008
	67.8
	67.1
	-1%
	1%

	2009
	77.5
	75.2
	-3%
	3%

	2010
	73.7
	74.1
	1%
	1%

	2011
	75.6
	72.7
	-4%
	4%

	2012
	62.9
	67.4
	7%
	7%

	2013
	71.1
	73.0
	3%
	3%

	2014
	71.2
	73.4
	3%
	3%

	
	
	Average
	1.6%
	3.1%


Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	73.3
	77.4

	2016
	74.0
	78.1

	2017
	74.7
	78.8

	2018
	75.4
	79.5

	2019
	76.1
	80.2

	2020
	76.8
	80.9

	2021
	77.5
	81.6

	2022
	78.2
	82.4

	2023
	78.9
	83.1

	2024
	79.6
	83.8



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]
Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Domestic/commercial
	Brookman
	Wanniassa
	0.125
	1/01/2016
	90%

	Commercial/Residential 
	Mugga 
	Wanniassa
	0.315
	17/08/2016
	50%

	Commercial/Residential 
	Mugga 
	Wanniassa
	0.500
	17/08/2014
	100%

	Commercial/Residential 
	Mugga 
	Wanniassa
	0.250
	17/08/2014
	100%

	Commercial
	Pitman Rowland
	Wanniassa
	0.004
	1/01/2016
	90%




Wanniassa Zone Substation Winter Forecast

Model Selection: Model with variables Year and HDD, selected based on stepwise procedures and checking against other statistical criteria. HDD is marginally significant.

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = 2191.1 – 1.046 * Year – 0.5974 * MaxTemp 


	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	2191.0879
	267.4076
	8.194
	3.80E-09

	Year
	-1.0461
	0.1332
	-7.852
	9.20E-09

	MaxTemp
	-0.5974
	0.2195
	-2.721
	0.0107

	Residual standard error: 2.403 on 30 degrees of freedom

	Multiple R-squared:  0.7149,    Adjusted R-squared:  0.6959 

	F-statistic: 37.62 on 2 and 30 DF,  p-value: 6.675e-09


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]


2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Wanniassa Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	89.5
	90.0
	1%
	1%

	2005
	88.0
	89.6
	2%
	2%

	2006
	94.7
	89.2
	-6%
	6%

	2007
	91.1
	87.8
	-4%
	4%

	2008
	85.2
	84.4
	-1%
	1%

	2009
	86.5
	87.1
	1%
	1%

	2010
	85.6
	83.2
	-3%
	3%

	2011
	84.7
	82.6
	-2%
	2%

	2012
	79.9
	79.8
	0%
	0%

	2013
	80.5
	80.6
	0%
	0%

	2014
	79.1
	80.1
	1%
	1%

	
	
	Average
	-1.0%
	1.8%



Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	78.6
	79.9

	2016
	77.9
	79.1

	2017
	76.8
	78.1

	2018
	75.8
	77.1

	2019
	74.7
	76.0

	2020
	73.7
	75.0

	2021
	72.6
	73.9

	2022
	71.6
	72.9

	2023
	70.5
	71.8

	2024
	69.5
	70.8



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]
Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Domestic/commercial
	Brookman
	Wanniassa
	0.125
	1/01/2016
	90%

	Commercial/Residential 
	Mugga 
	Wanniassa
	0.315
	17/08/2016
	50%

	Commercial/Residential 
	Mugga 
	Wanniassa
	0.500
	17/08/2014
	100%

	Commercial/Residential 
	Mugga 
	Wanniassa
	0.250
	17/08/2014
	100%

	Commercial
	Pitman Rowland
	Wanniassa
	0.004
	1/01/2016
	90%





[bookmark: _Toc408210809]Woden Zone Substation
Woden Zone Substation Summer Forecast

Model Selection: Model with variable CDD selected based on stepwise procedures and checking against other statistical criteria. 

Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = 59.187 + 2.197* CDD

	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	59.1872
	3.6483
	16.223
	9.05E-16

	CDD
	2.1970
	0.3931
	5.588
	5.57E-06

	Residual standard error: 3.246 on 28 degrees of freedom

	Multiple R-squared:  0.5273,    Adjusted R-squared:  0.5104 

	F-statistic: 31.23 on 1 and 28 DF,  p-value: 5.573e-06


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]


2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.
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	Year
	Woden Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	75.7
	80.5
	6%
	6%

	2005
	73.1
	76.7
	5%
	5%

	2006
	82.5
	83.8
	2%
	2%

	2007
	83.4
	83.9
	1%
	1%

	2008
	80.9
	78.2
	-3%
	3%

	2009
	86.3
	86.0
	0%
	0%

	2010
	84.5
	84.8
	0%
	0%

	2011
	85.1
	81.9
	-4%
	4%

	2012
	77.5
	69.3
	-11%
	11%

	2013
	78.8
	80.7
	2%
	2%

	2014
	77.9
	80.4
	3%
	3%

	
	
	Average
	0.1%
	3.4%



Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Summer ending Feb
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	            84.6 
	            88.9 

	2016
	            87.0 
	            91.3 

	2017
	            88.9 
	            93.2 

	2018
	            88.9 
	            93.2 

	2019
	            88.9 
	            93.2 

	2020
	            83.5 
	            87.8 

	2021
	            83.5 
	            87.8 

	2022
	            83.5 
	            87.8 

	2023
	            83.5 
	            87.8 

	2024
	            83.5 
	            87.8 



4) Graph used in reports/for presentation (incorporating potential future block loads)
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Supporting Document: Block Load Data
	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Commercial
	Phiilip South 
	Woden
	0.157
	28/02/2014
	90%

	Residential
	Cotter
	Woden
	0.675
	1/02/2014
	90%

	Commercial
	Garran
	Woden
	1.400
	31/05/2014
	100%

	Residential
	Brookman
	Woden
	0.050
	1/04/2015
	100%

	Commercial & Residential
	Bunbury 
	Woden
	0.100
	1/07/2014
	90%

	Residential
	Cotter
	Woden
	0.085
	31/03/2014
	90%

	Commercial 
	Carruthers 
	Woden
	0.003
	31/05/2014
	100%

	Commercial
	Cotter
	Woden
	0.120
	1/11/2014
	90%

	Residential
	Cotter
	Woden
	0.250
	1/11/2014
	90%

	Community
	Cotter
	Woden
	0.373
	8/12/2014
	90%

	Commercial
	Streeton
	Woden
	0.727
	1/09/2015
	70%

	Community
	Streeton
	Woden
	0.475
	1/09/2016
	70%

	Residential 
	Wilson
	Woden
	0.038
	20/05/2014
	100%

	Residential 
	Wilson
	Woden
	0.058
	1/01/2015
	80%

	Commercial 
	Wilson 2
	Woden
	0.523
	20/12/2014
	100%

	Residential
	Cotter
	Woden
	0.165
	1/02/2016
	70%

	Molonglo Development
	Hilder
	Woden
	1.424
	1/02/2015
	100%

	Molonglo Development
	Hilder & Streeton
	Woden
	1.708
	1/02/2016
	100%

	Molonglo Development
	Streeton
	Woden
	1.555
	1/02/2017
	100%

	Molonglo Development
	Hilder & Streeton
	Woden
	-5.400
	1/7/2019
	100%




























Woden Zone Substation Winter Forecast

Model Selection: Model with variables Year, MaxTemp and HDD selected based on stepwise procedures and checking against other statistical criteria. 
Model/Forecast (before adding block loads):
1) Graph showing historical demand, the 10% and 50% PoE 10-year forecasts, and back-fit showing what historical demand the model would forecast given 10% and 50% PoE weather conditions in the past.

[image: ]

Model Details:	Demand = 2017.19 – 0.97 * Year + 1.22 * HDD

	Model Coefficients

	
	Estimate
	Std. Error
	t value
	Pr(>|t|)

	(Intercept)
	2364.8091
	344.3419
	6.868
	1.52E-07

	Year
	-1.1366
	0.1708
	-6.653
	2.70E-07

	MaxTemp
	-0.7107
	0.2201
	-3.23
	0.00307

	HDD
	0.6567
	0.3474
	1.89
	0.06876

	Residual standard error: 3.04 on 29 degrees of freedom

	Multiple R-squared:  0.7077,    Adjusted R-squared:  0.6774 

	F-statistic:  23.4 on 3 and 29 DF,  p-value: 6.765e-08


The model is scrutinized to ensure that it is suited for the data. For e.g. diagnostic checking of residuals, normal Q-Q plots, leverage plots, VIF, and a number of other methods are used. Attached below are some diagnostic graphs supporting the model. 
[image: ]

2) Graph and statistics assessing the back-fit accuracy of the model. The back-fit forecast is compared to the single highest peak demand point from each year.

[image: ]

	Year
	Woden Peak (MVA)
	Back-fit using actual temp (MVA)
	Deviation of Backfit from actual
	Deviation Magnitude

	2004
	84.1
	86.1
	2%
	2%

	2005
	80.6
	84.9
	5%
	5%

	2006
	89.6
	90.2
	1%
	1%

	2007
	88.2
	87.5
	-1%
	1%

	2008
	83.6
	80.5
	-4%
	4%

	2009
	92.9
	88.0
	-5%
	5%

	2010
	78.5
	81.7
	4%
	4%

	2011
	79.9
	80.9
	1%
	1%

	2012
	76.6
	77.9
	2%
	2%

	2013
	75.8
	78.2
	3%
	3%

	2014
	74.9
	75.7
	1%
	1%

	
	
	Average
	0.9%
	2.7%


Final Model/Forecast (including block loads):
3) Graph and table showing the final forecast (incorporating potential future block loads).
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	Final Forecast (Incorporating Block Loads)

	Winter Ending Aug
	50% PoE 
(in MVA)
	10% PoE
(in MVA)

	2015
	            76.5 
	            81.1 

	2016
	            77.7 
	            82.3 

	2017
	            77.6 
	            82.2 

	2018
	            76.5 
	            81.1 

	2019
	            69.9 
	            74.5 

	2020
	            68.8 
	            73.4 

	2021
	            67.6 
	            72.2 

	2022
	            66.5 
	            71.1 

	2023
	            65.4 
	            70.0 

	2024
	            64.2 
	            68.8 



4) Graph used in reports/for presentation (incorporating potential future block loads)
[image: ]







Supporting Document: Block Load Data

	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date
	Project probability

	Residential
	Brookman
	Woden
	0.050
	1/04/2015
	100%

	Commercial
	Cotter
	Woden
	0.120
	1/11/2014
	90%

	Residential
	Cotter
	Woden
	0.250
	1/11/2014
	90%

	Community
	Cotter
	Woden
	0.373
	8/12/2014
	90%

	Commercial
	Streeton
	Woden
	0.727
	1/09/2015
	70%

	Community
	Streeton
	Woden
	0.475
	1/09/2016
	70%

	Residential
	Wilson
	Woden
	0.038
	20/05/2014
	100%

	Residential
	Wilson
	Woden
	0.058
	1/01/2015
	80%

	Commercial
	Wilson 2
	Woden
	0.523
	20/12/2014
	100%

	Residential
	Cotter
	Woden
	0.165
	1/02/2016
	70%

	Molonglo Development
	Hilder
	Woden
	1.566
	1/08/2015
	100%

	Molonglo Development
	Hilder & Streeton
	Woden
	1.7165
	1/08/2016
	100%

	Molonglo Development
	Streeton
	Woden
	0.6925
	1/08/2017
	100%

	Molonglo Development
	Hilder & Streeton
	Woden
	-5.400
	1/7/2019
	100%



[bookmark: _Toc408210810]Block Loads Data
The way that block loads are accounted for are explained in the example below:
Summer – all block loads falling between 15 Jan 2015 and 15 Jan 2016 are included in the 2015 forecast.
Winter – all block loads falling between 15 July 2015 and 15 July 2016 are included in the 2015 forecast.
*Block loads that are “completed” before 15 Jan 2014 are not included in the summer forecasts, block loads that are “completed” before 15 July 2014 are not included in the winter forecasts.
All data on block (spot) loads are provided in the table below.  This data was extracted from the Block Loads Database:
\\JEEVES\ELECPROJMGM\Projects\Load forecast database\
“Proposed Electrical Load Forecast Database (50kVA+).xlsx”
Time of retrieval: 11:10am, 18 Nov 2014.
[bookmark: _Toc408210811]Discrete Block Load Projects

	Development type
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply required date
	Project probability

	Residential 
	Baldwin
	Belconnen
	0.02
	1/10/2014
	90%

	Residential 
	Cameron South
	Belconnen
	0.78
	1/10/2014
	100%

	Commercial 
	Haydon 
	Belconnen
	0.003
	31/05/2014
	100%

	Commercial 
	Swinden
	Belconnen
	0.32
	1/01/2016
	100%

	Community
	Swinden
	Belconnen
	0.22
	15/09/2014
	100%

	Commercial 
	William Slim
	Belconnen
	0.4
	1/07/2015
	100%

	Commercial
	Swinden
	Belconnen
	0.19
	1/09/2015
	50%

	Commercial 
	Latham 3
	Belconnen
	0.05
	1/01/2016
	100%

	Residential 
	Braddon
	CityEast
	0.25
	1/09/2016
	70%

	Commercial
	Aero Park
	CityEast
	0.90
	1/01/2016
	80%

	Commercial
	Cooyong
	CityEast
	0.65
	15/08/2014
	100%

	Commercial/Residential
	Ferdinand
	CityEast
	1.30
	1/01/2016
	90%

	Commercial/Residential
	Haig Feeder
	CityEast
	0.17
	1/01/2016
	90%

	Commercial/Residential 
	Lonsdale
	CityEast
	0.50
	1/08/2014
	100%

	Commercial 
	Lonsdale
	CityEast
	0.13
	15/07/2014
	100%

	Comemrcial 
	Mackenzie
	CityEast
	0.55
	15/02/2015
	50%

	Greenfield (Small)
	Mackenzie
	CityEast
	0.26
	15/03/2015
	70%

	Residential
	Mackenzie
	CityEast
	0.41
	1/06/2015
	70%

	Commercial/Restaurant
	Northbourne
	CityEast
	0.10
	1/01/2016
	90%

	Residential
	Mackenzie
	CityEast
	0.39
	1/02/2015
	100%

	Commercial/Residential 
	Lonsdale
	CityEast
	0.43
	1/04/2014
	100%

	Commercial 
	Aero Park
	CityEast
	1.50
	1/06/2015
	100%

	Residential
	Miller 
	Civic
	0.07
	1/05/2014
	90%

	Commercial 
	Black Mountian 
	Civic
	0.005
	31/05/2014
	100%

	Residential
	Miller
	Civic
	0.01
	1/01/2016
	90%

	Residential
	Miller
	Civic
	0.07
	30/12/2014
	100%

	Commercial
	Gladstone
	Fyshwick
	0.05
	15/12/2014
	90%

	Commercial
	Abattoir
	Fyshwick
	0.15
	3/03/2014
	90%

	Commercial
	Abattoir
	Fyshwick
	0.06
	10/07/2014
	90%

	Temporary Supply 
	Abattoir
	Fyshwick
	0.16
	26/05/2014
	100%

	Commercial 
	Newcastle
	Fyshwick
	0.0025
	31/05/2014
	100%

	Commercial 
	Pialligo
	Fyshwick
	0.75
	1/06/2014
	100%

	Commercial 
	Newcastle & Abattoir
	Fyshwick
	1.5
	1/06/2015
	100%

	Commercial 
	Monaro
	Gilmore
	0.07
	15/04/2014
	100%

	Commercial 
	Tralee
	Gilmore
	0.62
	1/01/2016
	100%

	Commercial 
	Tralee
	Gilmore
	0.3
	1/11/2014
	100%

	Commercial 
	Tralee
	Gilmore
	0.07
	1/12/2014
	90%

	Commercial 
	Tralee
	Gilmore
	0.06
	10/10/2014
	100%

	Commercial
	Boulevard North
	GoldCreek
	0.19
	12/05/2014
	90%

	Commercial
	West 2
	GoldCreek
	0.08
	28/02/2014
	90%

	Residential 
	Nona
	GoldCreek
	0.22
	1/02/2015
	90%

	Residential & Commercial 
	Gurrang
	GoldCreek
	0.20
	1/02/2015
	90%

	Rural Residential
	Lander 2
	GoldCreek
	0.16
	1/01/2016
	90%

	Residential 
	Meacham
	GoldCreek
	0.15
	1/01/2016
	100%

	Residential 
	Anthony Rolf 
	GoldCreek
	0.50
	1/01/2015
	100%

	Commercial
	West 
	GoldCreek
	0.23
	1/08/2015
	90%

	Temporary Supply 
	Nona
	GoldCreek
	0.11
	15/06/2014
	100%

	Residential 
	Nona 
	GoldCreek
	0.16
	1/01/2015
	100%

	Residential 
	Nona 
	GoldCreek
	0.10
	1/06/2015
	100%

	Commercial/Residential
	Gurrang 
	GoldCreek
	0.90
	1/01/2016
	90%

	Commercial
	Anthony Rolf 
	GoldCreek
	0.11
	15/10/2014
	90%

	Commercial
	Nona
	GoldCreek
	1.00
	1/06/2015
	90%

	Commercial
	Maribyrnong 4
	GoldCreek
	0.09
	1/01/2016
	90%

	Commercial
	Tilyard Feeder
	Latham
	0.23
	1/02/2014
	90%

	Residential 
	Conley  Feeder
	Latham
	0.03
	1/08/2014
	90%

	Community
	Lhotsky  Feeder
	Latham
	0.07
	1/02/2015
	70%

	Residential 
	Macrossan Feeder
	Latham
	0.02
	1/01/2016
	90%

	Residential 
	Mundaring 
	TelopeaPark
	0.26
	1/03/2015
	90%

	Commercial
	Mundaring
	TelopeaPark
	0.05
	1/03/2014
	90%

	Residential
	Belmore 2
	TelopeaPark
	0.19
	30/06/2014
	100%

	Commercial
	Dairy South
	TelopeaPark
	0.12
	30/06/2015
	90%

	Residential
	Jardine
	TelopeaPark
	0.12
	1/01/2016
	90%

	Residential 
	Mundarin
	TelopeaPark
	0.45
	1/01/2016
	90%

	Commercial / Residential
	STURT
	TelopeaPark
	0.18
	1/01/2016
	90%

	Residential
	Ovens
	TelopeaPark
	0.41
	1/01/2016
	70%

	Residential
	Ovens
	TelopeaPark
	0.31
	1/01/2016
	70%

	Residential
	Ovens
	TelopeaPark
	0.13
	1/01/2016
	70%

	Residential
	Ovens
	TelopeaPark
	0.41
	1/01/2016
	70%

	Residential 
	Throsby 
	TelopeaPark
	0.45
	10/04/2015
	90%

	Commercial / Residential
	Young
	TelopeaPark
	0.79
	1/01/2016
	100%

	Commercial
	Telopea Prak East
	TelopeaPark
	0.11
	1/01/2016
	90%

	Embassy 
	Empire 2
	TelopeaPark
	0.11
	25/04/2015
	70%

	Fire Station
	Callister
	Theodore
	0.1
	1/01/2016
	90%

	Residential 
	Chippindall
	Theodore
	0.5
	1/02/2015
	90%

	Commercial
	Phiilip South 
	Woden
	0.157
	28/02/2014
	90%

	Residential
	Cotter
	Woden
	0.675
	1/02/2014
	90%

	Commercial
	Garran
	Woden
	1.400
	31/05/2014
	100%

	Residential
	Brookman
	Woden
	0.050
	1/04/2015
	100%

	Commercial & Residential
	Bunbury 
	Woden
	0.100
	1/07/2014
	90%

	Residential
	Cotter
	Woden
	0.085
	31/03/2014
	90%

	Commercial 
	Carruthers 
	Woden
	0.003
	31/05/2014
	100%

	Commercial
	Cotter
	Woden
	0.120
	1/11/2014
	90%

	Residential
	Cotter
	Woden
	0.250
	1/11/2014
	90%

	Community
	Cotter
	Woden
	0.373
	8/12/2014
	90%

	Commercial
	Streeton
	Woden
	0.727
	1/09/2015
	70%

	Community
	Streeton
	Woden
	0.475
	1/09/2016
	70%

	Reasidential 
	Wilson
	Woden
	0.038
	20/05/2014
	100%

	Residential 
	Wilson
	Woden
	0.058
	1/01/2015
	80%

	Commercial 
	Wilson 2
	Woden
	0.523
	20/12/2014
	100%

	Residential
	Cotter
	Woden
	0.165
	1/02/2016
	70%

	Domestic/commercial
	Brookman
	Wanniassa
	0.125
	1/01/2016
	90%

	Comemrcial/Residential 
	Mugga 
	Wanniassa
	0.315
	17/08/2016
	50%

	Comemrcial/Residential 
	Mugga 
	Wanniassa
	0.500
	17/08/2014
	100%



[bookmark: _Toc408210812]Continuous Large Block Load Projects

Summer Block Load
	Project Name
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date

	Lawson South Stage 1
	Chuculba & Baldwin
	Belconnen
	2.58
	31/12/2015

	Lawson South Stage 1
	Maribyrnong
	Belconnen
	2.58
	31/12/2016

	Lawson South Stage 1
	Maribyrnong
	Belconnen
	2.58
	31/12/2017

	Lawson South Stage 2
	NA
	Belconnen
	5.20
	31/12/2016

	Lawson South Stage 2
	NA
	Belconnen
	5.20
	31/12/2017

	Lawson South Stage 2
	NA
	Belconnen
	5.20
	31/12/2018

	UC Hospital Expansion
	NA
	Belconnen
	3.00
	31/12/2016

	Molonglo Development
	Black Mth
	Civic
	0.17
	1/02/2017

	Molonglo Development
	Black Mth
	Civic
	1.63
	1/02/2018

	Molonglo Development
	Black Mth
	Civic
	1.50
	1/02/2019

	Molonglo Development
	Black Mth
	Civic
	-3.20
	1/7/2019

	West Belconnen development
	NA
	Latham
	-5.00
	1/07/2022

	Molonglo Development
	Hilder
	Woden
	1.42
	1/02/2015

	Molonglo Development
	Hilder & Streeton
	Woden
	1.71
	1/02/2016

	Molonglo Development
	Streeton
	Woden
	1.56
	1/02/2017

	Molonglo Development
	Hilder & Streeton
	Woden
	-5.40
	1/7/2019



Winter Block Load
	Project Name
	Supply source feeder
	Supply source zone sub
	Expected ADMD Increase (MVA)
	Supply Required Date

	Lawson South Stage 1
	Chuculba & Baldwin
	Belconnen
	2.58
	30/06/2016

	Lawson South Stage 1
	Maribyrnong
	Belconnen
	2.58
	30/06/2017

	Lawson South Stage 1
	Maribyrnong
	Belconnen
	2.58
	31/12/2017

	Lawson South Stage 2
	NA
	Belconnen
	5.20
	30/06/2017

	Lawson South Stage 2
	NA
	Belconnen
	5.20
	30/06/2018

	Lawson South Stage 2
	NA
	Belconnen
	5.20
	31/12/2018

	UC Hospital Expansion
	NA
	Belconnen
	3.00
	31/12/2016

	Molonglo Development
	Black Mth
	Civic
	0.99
	1/08/2017

	Molonglo Development
	Black Mth
	Civic
	1.57
	1/08/2018

	Molonglo Development
	Black Mth
	Civic
	-2.55
	1/07/2019

	West Belconnen development
	NA
	Latham
	1.00
	1/07/2015

	West Belconnen development
	NA
	Latham
	1.00
	1/07/2016

	West Belconnen development
	NA
	Latham
	1.00
	1/07/2017

	West Belconnen development
	NA
	Latham
	1.00
	1/07/2018

	West Belconnen development
	NA
	Latham
	1.00
	1/07/2019

	West Belconnen development
	NA
	Latham
	1.00
	1/07/2020

	West Belconnen development
	NA
	Latham
	1.00
	1/07/2021

	West Belconnen development
	NA
	Latham
	-5.00
	1/07/2022

	Molonglo Development
	Hilder
	Woden
	1.57
	1/08/2015

	Molonglo Development
	Hilder & Streeton
	Woden
	1.72
	1/08/2016

	Molonglo Development
	Streeton
	Woden
	0.69
	1/08/2017

	Molonglo Development
	Hilder & Streeton
	Woden
	-5.40
	1/07/2019





























[bookmark: _Toc408210813]Reconciliation between forecasts
This section shows the comparison of the top-down System demand forecast, with a bottom-up System demand forecast. The bottom-up forecast has been derived by summing the individual Zone Substation forecast, and taking loss factors and diversity factors into account.
The difference between the summer top-down and bottom-up forecasts is 4.8% in the first year and up to 9.4% by the end of the forecast period, while the difference in the winter forecast is 3.5% in the first year and up to 12.1% by the end of the forecast period.
[bookmark: _Toc408210814]Loss Factors

The summer and winter system peaks were compared to the sum of the demand at each Zone Substation at the time of the System demand peaks. While complete data was not available for each year, this analysis showed that the losses on the ADD transmission network at the time of the system peak were in the range of 7 to 10 %. This may be different to the average loss factors calculated for other purpose.
[bookmark: _Toc405809982][bookmark: _Toc408210815]Diversity Factors

	
	Average Diversity Factor (load on the Zone Substation at the time of system peak demand, as a percentage of the Zone Substation peak demand)

	Zone
	Summer
	Winter

	Angle Crossing
	NA
	NA

	Belconnen
	99%
	100%

	City East
	98%
	98%

	Civic
	97%
	97%

	Fyshwick
	94%
	56%

	East Lake
	NA
	NA

	Gilmore
	90%
	95%

	Gold Creek
	83%
	95%

	Latham
	82%
	97%

	Telopea Park
	96%
	94%

	Molonglo
	NA
	NA

	Theodore
	75%
	96%

	Wanniassa
	94%
	98%

	West Belconnen
	NA
	NA

	Woden
	97%
	99%








[bookmark: _Toc405809984][bookmark: _Toc405809713][bookmark: _Toc405809985][bookmark: _Toc408210816]Summer Demand Forecast
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	System Summer Peak Demand (MVA)
	Deviation of Top-down forecast from Bottom-up System Forecast

	Year
	Historical
	Top-down Forecast
	Bottom-up Forecast
	

	2004
	577.4
	
	
	

	2005
	579.2
	
	
	

	2006
	648.2
	
	
	

	2007
	642.7
	
	
	

	2008
	623.5
	
	
	

	2009
	711.2
	
	
	

	2010
	681.5
	
	
	

	2011
	707.1
	
	
	

	2012
	555.0
	
	
	

	2013
	656.0
	
	
	

	2014
	634.9
	
	
	

	2015
	
	665.7
	697.6
	4.8%

	2016
	
	672.8
	717.5
	6.6%

	2017
	
	679.9
	728.7
	7.2%

	2018
	
	687.2
	739.1
	7.6%

	2019
	
	694.5
	749.4
	7.9%

	2020
	
	702.0
	758.3
	8.0%

	2021
	
	709.6
	768.4
	8.3%

	2022
	
	717.3
	778.6
	8.5%

	2023
	
	725.1
	790.6
	9.0%

	2024
	
	733.0
	801.9
	9.4%



[bookmark: _Toc408210817]Winter Demand Forecast
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	System Winter Peak Demand (MVA)
	Deviation of Top-down forecast from Bottom-up System Forecast

	Year
	Historical
	Top-down Forecast
	Bottom-up Forecast
	

	2004
	627.6
	
	
	

	2005
	628.5
	
	
	

	2006
	677.0
	
	
	

	2007
	671.0
	
	
	

	2008
	636.6
	
	
	

	2009
	655.6
	
	
	

	2010
	645.0
	
	
	

	2011
	656.3
	
	
	

	2012
	626.3
	
	
	

	2013
	622.9
	
	
	

	2014
	623.5
	
	
	

	2015
	
	640.6
	662.8
	3.5%

	2016
	
	640.6
	673.5
	5.1%

	2017
	
	640.6
	679.5
	6.1%

	2018
	
	640.6
	685.0
	6.9%

	2019
	
	640.6
	690.6
	7.8%

	2020
	
	640.6
	695.9
	8.6%

	2021
	
	640.6
	701.2
	9.5%

	2022
	
	640.6
	707.0
	10.4%

	2023
	
	640.6
	712.7
	11.3%

	2024
	
	640.6
	718.3
	12.1%



[bookmark: _Toc408210818]Updating the forecast model
To assist in future developments and updates of the forecast model, the following example shows how the Belconnen Zone Summer forecast can be replicated.
1) Ensure data in \\Jeeves\AssetPerformance\AssetStrategy\Asset Strategy Analyst\Projects\Major Projects\Demand Data Analysis\Zone\Demand Forecast 2013\FORECAST\Data\DATA.xlsx is correct and up to date.

2) Open \\Jeeves\AssetPerformance\AssetStrategy\Asset Strategy Analyst\Projects\Major Projects\Demand Data Analysis\Zone\Demand Forecast 2013\FORECAST\Code\Summer FINAL.R for the generic summer forecasting code.

3) Change ZONEDEFINITION to “Belconnen”.

4) Run all code.

5) For model selection diagnostics, type >modelcomparison(). This will generate a .csv file in the \\Jeeves\AssetPerformance\AssetStrategy\Asset Strategy Analyst\Projects\Major Projects\Demand Data Analysis\Zone\Demand Forecast 2013\FORECAST\Diagnostics\ folder, and will allow you to compare models by R^2 adj, Cp, Pressp etc.

6) For stepwise regression to determine which variables should stay in the model, type >stepwise.regression.F() and >stepwise.regression(). The first command is the preferred one (only variables above a certain cutoff gets to stay in the model), while the second command uses an AIC criterion.

7) Once you determine that the significant variables (e.g. Year and CDD – corresponding to variables 1 and 3), type >FitBestModel(WhichVariables=c(1,3)). The function will run and generate all the graphs and model/forecast output for you.

8) *Note that if you are making special changes to the Zone Substation, e.g. Civic Zone Substation where 1 year of data is missing, you will have to go through the program FitBestModel line by line and make the necessary changes manually rather than running the generic code. This said, some of the customized code has been saved for ease of replication. E.g. Fyshwick forecast can be replicated by following the above steps using the Fyshwick 2014 Summer.R file.
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GoldCreek Zone Substation- Winter Demand 

 (Before addition of block loads)

(Each point represents the peak demand for that winter)
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Latham Zone Substation- Winter Demand 

 (Before addition of block loads)

(The points for each year are the 3 peak demand points for that winter)

Year

Maximum Demand(MVA)

2005 2010 2015 2020 2025

0

20

40

60

80

100

120

Demand Forecast (50% PoE)

Demand Forecast (10% PoE)

Zone Continous Rating

Zone 2h Emergency Rating


image94.emf
67.0 67.5 68.0 68.5 69.0 69.5 70.0 70.5

-2

-1

0

1

2

3

Plot of externally standardised residuals (ti) vs. fitted values

Fitted values

ti

-2 -1 0 1 2

-2

-1

0

1

Normal QQ Plot of Residuals

Theoretical Quantiles of Standard Normal

Sample quantiles of tis

Leverages

Order of data points

Leverage

0.0

0.2

0.4

0.6

0.8

1.0


image95.emf
Latham Zone Substation- Winter Demand 

 (Before addition of block loads)

(Each point represents the peak demand for that winter)
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(The points for each year are the 3 peak points for that winter)
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TelopeaPark Zone Substation- Winter Demand 

 (Before addition of block loads)

(The points for each year are the 3 peak demand points for that winter)
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TelopeaPark Zone Substation- Winter Demand 

 (Before addition of block loads)

(Each point represents the peak demand for that winter)
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TelopeaPark Zone Substation- Winter Demand

(The points for each year are the 3 peak points for that winter)

Year

Maximum Demand(MVA)

2005 2010 2015 2020 2025

0

20

40

60

80

100

120

Demand Forecast (50% PoE)

Demand Forecast (10% PoE)

Zone Continous Rating

Zone 2h Emergency Rating

Block Loads


image107.emf
TelopeaPark Zone Substation- Winter Demand

(Each point represents the peak demand for that winter)
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Theodore Zone Substation- Summer Demand 

 (Before addition of block loads)

(Each point represents the peak demand for that summer)
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Theodore Zone Substation- Winter Demand 

 (Before addition of block loads)

(The points for each year are the 3 peak demand points for that winter)
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Theodore Zone Substation- Winter Demand 

 (Before addition of block loads)

(Each point represents the peak demand for that winter)
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Theodore Zone Substation- Winter Demand

(The points for each year are the 3 peak points for that winter)
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Theodore Zone Substation- Winter Demand

(Each point represents the peak demand for that winter)
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 (Before addition of block loads)

(Each point represents the peak demand for that summer)

Year

Maximum Demand(MVA)

0

20

40

60

80

100

Model Backfit

50% PoE Forecast

Zone Continous & 2h Emergency Rating


image121.emf
2005 2010 2015 2020 2025

Wanniassa Zone Substation- Summer Demand

(The points for each year are the 3 peak points for that summer)

Year

Maximum Demand(MVA)

0

20

40

60

80

100

Demand Forecast (50% PoE)

Demand Forecast (10% PoE)

Zone Continous & 2h Emergency Rating

Block Loads


image122.emf
Wanniassa Zone Substation- Winter Demand 

 (Before addition of block loads)

(The points for each year are the 3 peak demand points for that winter)
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Wanniassa Zone Substation- Winter Demand 

 (Before addition of block loads)

(Each point represents the peak demand for that winter)
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Wanniassa Zone Substation- Winter Demand

(The points for each year are the 3 peak points for that winter)
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Year

Maximum Demand(MVA)

0

20

40

60

80

100

120

Model Backfit

50% PoE Forecast

Zone Continous Rating

Zone 2h Emergency Rating


image54.emf
2005 2010 2015 2020 2025

Civic Zone Substation- Summer Demand

(The points for each year are the 3 peak points for that summer)

Year

Maximum Demand(MVA)

0

20

40

60

80

100

120

Demand Forecast (50% PoE)

Demand Forecast (10% PoE)

Zone Continous Rating

Zone 2h Emergency Rating

Block Loads


image55.emf
2005 2010 2015 2020 2025

Civic Zone Substation- Summer Demand

(Each point represents the peak demand for that summer)

Year

Maximum Demand(MVA)

0

20

40

60

80

100

120

Model Backfit

50% PoE Forecast

10% PoE Forecast

Prediction Interval for 50% PoE Forecast

Prediction Interval for 10% PoE Forecast

Zone Continous Rating

Zone 2h Emergency Rating

Block Loads


image56.emf
Civic Zone Substation- Winter Demand 

 (Before addition of block loads)

(The points for each year are the 3 peak demand points for that winter)
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 (Before addition of block loads)

(Each point represents the peak demand for that winter)
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(Each point represents the peak demand for that winter)
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 (Before addition of block loads & future load transfer)

(Each point represents the peak demand for that summer)
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 (Before addition of block loads & future load transfer)

(The points for each year are the 3 peak demand points for that winter)
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Fyshwick Zone Substation- Winter Demand 

 (Before addition of block loads & future load transfer)

(Each point represents the peak demand for that winter)
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(The points for each year are the 3 peak points for that winter)
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 (Before addition of block loads)

(Each point represents the peak demand for that summer)
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Gilmore Zone Substation- Winter Demand 

 (Before addition of block loads)

(The points for each year are the 3 peak demand points for that winter)
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Gilmore Zone Substation- Winter Demand 

 (Before addition of block loads)

(Each point represents the peak demand for that winter)
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(The points for each year are the 3 peak points for that winter)
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(Each point represents the peak demand for that winter)
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(The points for each year are the 3 peak demand points for that summer)
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 (Before addition of block loads)

(Each point represents the peak demand for that summer)
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GoldCreek Zone Substation- Winter Demand 

 (Before addition of block loads)

(The points for each year are the 3 peak demand points for that winter)
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