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IMPORTANT NOTICE

Purpose

AEMO has prepared this document to provide information about the methodology, data and
assumptions used to produce the 2016 National Electricity Forecasting Report, as at the date
of publication.

Disclaimer

This report contains data provided by or collected from third parties, and conclusions, opinions or
assumptions that are based on that data.

AEMO has made every effort to ensure the quality of the information in this document but cannot
guarantee that information and assumptions are accurate, complete or appropriate for your
circumstances. This document does not include all of the information that an investor, participant or
potential participant in the gas market might require, and does not amount to a recommendation of
any investment.

Anyone proposing to use the information in this document should independently verify and check its
accuracy, completeness and suitability for purpose, and obtain independent and specific advice from
appropriate experts.

Accordingly, to the maximum extent permitted by law, AEMO and its officers, employees and
consultants involved in the preparation of this document:

1 make no representation or warranty, express or implied, as to the currency, accuracy, reliability or
completeness of the information in this document; and

9 are not liable (whether by reason of negligence or otherwise) for any statements or representations
in this document, or any omissions from it, or for any use or reliance on the information in it.
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The National Electricity Forecasting Report (NEFR) provides independent electricity consumption
forecasts over a 20-year forecast period for the National Electricity Market (NEM), and for each NEM
region. This report outlines the methodology used in the annual operational consumption, maximum
demand, and minimum demand forecasting process for the 2016 NEFR.

AEMO forecasts are reported as:

1 Annual operational consumption?:

- Includes electricity used by residential and business (commercial and industrial) consumers,
and distribution and transmission losses.

- Includes electricity drawn from the electricity grid, supplied by scheduled, semi-scheduled and
significant non-scheduled generating units , but not generation from rooftop photovoltaic (PV)
and other small non-scheduled generation (SNSG).?

- Is measured in gigawatt hours (GWh).

- I's present eadubasis (that i, she electricity supplied to the market, excluding
generator auxiliary loads from the total output of generators).

1 Operational maximum (minimum) demand: the highest (lowest) level of electricity drawn
from the transmission grid at any one time in a year. It is measured on a daily basis, averaged over
a 30 minute period. Maximum and minimum demand is measured in megawatts (MW), and the
forecasts are also presentedthis year ooutado ifsanits.

In the 2016 NEFR, consumption and demand forecasts are based on this sector breakdown:
1 Residential: Residential customers only.5

1 Business: Includes industrial and commercial users. Recognising different drivers affecting
forecasts, the business sector is further split into:

- Liquefied Natural Gas (LNG) i associated with the production of LNG for export.

- Coal mining i customers mainly engaged in open-cut or underground mining of black or
brown coal.

- Manufacturing i traditional manufacturing business sectors, with energy-intensive operations
and electricity consumption growth that is projected to be flat due to ongoing economic
restructuring (see Section 2.2 for more details). This excludes food and beverage
manufacturing, which is growing, and projected to continue growing, with population.

- Other business T business customers not covered by the categories above, which broadly are
projected to grow with population in the forecast period. This group is dominated by services
businesses, such as education, health care, telecommunications, and finance services, and
also includes transport and construction services. Food and beverage manufacturing is a
projected growth sector that is included in this group.

1 More detailed definitions are available at:
http://www.aemo.com.au/media/Files/Other/planning%202016/Operational%20Consumption%20definition%20%202016%20update. pdf

2 Rooftop PV and SNSG generally covers generators smaller than 30 MW.

8 Measured at the connection point between the generating system and the network.

“1n previous NEFRs, maximum demand was presented @i cad ait®s fpe rerast sd §i alsa gies.
are available on AEMODS shttm/tiorecasting.aédmorammi.c i nt er f ace:

5'n previous NEFRs, residential demand was combined with coimméemamd. and 1| igh

© AEMO 2016
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Other key definitions used in the 2016 NEFR are:

1 Probability of exceedance (POE): the likelihood a maximum or minimum demand forecast will be
met or exceeded.

- The 2016 NEFR provides 10% POE maximum demand forecasts, which are expected to be
exceeded, on average, one year in 10.

- Minimum demand forecasts are based on a 90% POE, which are expected to be met or
exceeded, on average, nine years in 10 (meaning the actual demand is expected to be below
the forecast minimum only, on average, one year in 10).

1 Rooftop photovoltaic (PV): A system comprising one or more PV panels, installed on a
residential or commercial building rooftop to convert sunlight into electricity for use by that
customer. PV systems larger than 100 kW but smaller than 30 MW are included in the small non-
scheduled generation (SNSG) forecast. The 2016 NEFR does not consider utility-scale solar
(larger than 30 MW), which generates to the grid.

1 Benefits index: To track changing household use of technology, AEMO developed a benefits
index as a measure of the energy services that electric appliances provide. This index reflects the
utility that electricity users get from using appliances, based on the number of appliances, the
hours of use, and their capacity (for example, light output, volume of refrigeration/freezer capacity,
television screen size). This work is based on electricity usage data at individual appliance
categories from the Australian Government Department of Industry, Innovation and Science,
published in 2015 in the Residential Baseline Study for Australia 2000 i 2030.6

AEMO has updated its scenarios framework for forecasting and planning publications. Following this
update, all AE MGQifeexploriagacange nfesgnsitivities that represent likely pathways
for Australia across weak, neutral, and strong economic and consumer outlooks (assumptions are
detailed below).

Table 1 2016 NEFR sensitivities

Driver Weak sensitivity Neutral sensitivity Strong sensitivity

Population growth ABS projection® C ABS projection B ABS projection A

Economic growth Weak Neutral Strong

Consumer Low confidence, less Average confidence and High confidence and more
engaged engagement engaged

Electricity network charges i Current AER determinations, fixed after five years

five years

Electricity retail costs and Assume current margins throughout

margin

Technology uptake Hesitant consumer in aweak  Neutral consumer in a Confident consumer in a
economy neutral economy strong economy

Energy efficiency uptake Low Medium High

6 Available at: http://www.energyrating.gov.au/document/report-residential-baseline-study-australia-2000-2030.

7 National Electricity Forecasting Report, National Gas Forecasting Report, NEM Electricity Statement of Opportunities, Gas Statement of
Opportunities, and National Transmission Network Development Plan.

8 Australian Bureau of Statistics, 2013, Population Projections, Australia 2012 (base), cat. no. 3222.0.



http://www.energyrating.gov.au/document/report-residential-baseline-study-australia-2000-2030

FORECASTING METHODOLOGY INFORMATION PAPER L] f‘?”]‘ ,'/’

This NEFR continues a major shift in AEMO®@®5f orecast:i
National Gas Forecasting Report( NGFR) . AEMO is deliver-upg model sdethat
embrace a mix of economic and technical methods to better capture the continuing transformation of

the energy supply and demand system.

This transformation, since the mid-late 2000s, has been driven by changes in technology that:

1 Sit between the consumer and the grid, such as rooftop PV, energy-efficient appliances, and
technologies that enable greater control of appliance operation and energy usage.

1 Have become increasingly affordable to typical residential and business consumers.
1 Are increasingly being adopted, in part as a possible solution to energy bill inflation.

Business consumption has also been impacted by changes in the Australian economy, with the Global
Financial Crisis®, mining boom, and subsequent commodity price collapse all contributing to a continued
transition away from energy-intensive industry.

While much of the change has been occurring beyond the bulk transmission grid, it has major
i mplicati onwopfearattilbpen garnidd @dsevel opment , and therefore f
planning reports.

Bulk transmission data has traditionally been used as the primary source of data for forecasting.
However, this data:

9 Is highly aggregated (so does not provide fine detail).
1 Is historic (so may not be indicative of a changing future).
1 Does not reveal dynamics that originate beyond the grid.

This approach has made it harder, in the changing energy environment, to quickly detect and
understand key trends.

In response, AEMO is now integrating new data streams from beyond the grid, such as:
1 Consumer energy meter data.

1 Complementary data from other agencies and sources, like national account data from the
Australian Bureau of Statistics, to support greater understanding of structural change in
the economy.

By integrating detailed data from beyond tdeogrid, AE
forecasting approaches that embrace forward-looking economic and structural methods, and rely less
on historic datathatmaynot be i ndicative of Australiads next gene

Australia has set a target to reduce carbon emissions by 261 28% below 2005 levels by 2030, which
builds on the 2020 target of reducing emissions by 5% below 2000 levels.

The Energy Council of the Council of Australian Governments (COAG) has agreed that the contribution
of the electricity sector should be consistent with national emission reduction targets, and has advised
that a 28% reduction from 2005 levels by 2030 is an appropriate assumption for AEMO to use in
forecasting and planning. For the 2016 NEFR, AEMO has assumed the achievement of this target

will be supported by energy efficiency trends??, electricity pricing trends, and coal-fired

generator retirements.

9 Global Financial Crisis (GFC) refers to the period of severe prolonged economic downturn tracing back to the collapse of the United States
housing market in 2007.

10 This includes the expected impacts of the National Energy Productivity Plan (NEPP) targeting a 40% improvement in energy productivity between
2016 and 2030.

© AEMO 2016
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While it is not yet known if abatement costs will affect prices, AEMO6 s mo dhad aksunmed a partial
impact in the 2016 NEFR forecasts, with retail prices assumed to increase by approximately 2.5% per
annum?! for the 10 years from 2020.

The 2016 NEFR includes forecasts for the uptake and use of battery storage technologies, assuming
this is implemented with an energy management system that manages charging and discharging
operations.

Rooftop PV projections now include forecasts of panel age, and 2016 NEFR forecasts consider derated
generation efficiency as a result of panel age.

Electric vehicle uptake forecasts are not included in the 2016 NEFR. AEMO is, however, using the
published forecasts as the baseline for an electric vehicles impact assessment in a separate 2016
Insight publication.

AEMO continues to survey and interview the largest industrial energy users to inform its energy and
demand forecasts. Inthe 2016 NEFR, the survey has been used to inform near-term and highly
probable adjustments to the separately-determined business sector forecasts.

Forecast adjustments are now probability-weighted, based on:
9 Discussions with the relevant energy users.

1 An assessment of economic conditions relevant to the industry sectors, users, and the forecast
sensitivities (weak/neutral/strong).

AEMO has implemented the following improvements to its modelling of consumer behaviour:

1 Energy efficiency savings: AEMO has refined energy efficiency projections and their
representation in the forecast models. In the 2015 NEFR, a small post-model adjustment was
included for energy efficiency, to add to an amount that was assumed to be captured in the historic
data inputs to a regression-based model of consumer demand. The 2016 NEFR uses new,
forward-looking economic forecasting models to model the full amount of projected energy
efficiency savings. Projected savings have been separately forecast at an appliance level, and
have been tuned to ensure consistency with consumer trends, as measured in recent meter data.

The projections now include a 20% rebound effect'2, based on observed meter data trends.
Rebound refers to an increase in consumption that is enabled by the lower operating cost of
energy-efficient appliances.

1 Price elasticity of demand: Price elasticity of demand adjustments are now only applied for
permanent increases in price, measured through the bill of a typical consumer. Estimates have
been revised down to avoid overlap with energy efficiency, recognising that energy efficiency
represents a structural response to price that is occurring with shorter time-lags. Temporary price
changes, such as price reductions due to lower network charges, are no longer assumed to trigger
a permanent consumption response.

1 Consumption response from rooftop PV and battery storage: The 2016 NEFR includes an
assumed increase in consumption resulting from the impact of lower-cost energy, made available
from rooftop PV and battery storage. Energy consumption is assumed to increase by 10% of the
energy generated by rooftop PV. Similarly, energy consumed from batteries is assumed to

11 Before inflation.
12 For the neutral sensitivity. The strong and weak sensitivities use 30% and 10% respectively in most cases.

© AEMO 2016
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increase by 10% for energy charged from sunshine, and by 5% for energy charged from the grid
during off-peak periods.

1 West-facing rooftop PV panels: The projected uptake of capacity is now assumed to shift
towards increasing westerly panel orientation, in response to projected consumer incentives from
peak prices during the evening. The forecast assumes that 10% of new installed capacity by
2035i 36 will be west-facing.

1.3.6 Maximum and minimum demand
The first minimum demand forecasts were included in the 2015 NEFR for South Australia. The 2016
NEFR extends | ast yeard6s work to include all/l NEM regi

The maximum and minimum demand forecasts are based on a new simulation work flow. Models of
30-minute demand have been reviewed, removing load closures from the historical dataset. The models
were used in a weather simulation procedure able to produce a statistical distribution of half-hourly
demand. Half-hourly demand was then forecast using integrated growth models for the individual
components and drivers of demand.

1.3.7 LNG

Since 2015, AEMO hasreviseddownel ectricity use by Queen®leflestdds LNG
operational data now available as the facilities have moved into production.

© AEMO 2016 10
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This chapter outlines the methodology used to develop annual operational consumption forecasts for
the business sector, which comprises both industrial and commercial users.

AEMO classified business users according to the Australian and New Zealand Standard Industrial
Classification (ANZSIC)!3 code. Recognising different drivers affecting forecasts, the business sector
was divided into two main categories:

1 Manufacturing (excluding food and beverage manufacturing): as defined in Division C of the
ANZSIC code, with energy-intensive operations and electricity consumption growth that is
projected to be flat or to decline due to ongoing economic restructuring.

1 Other business: this group is dominated by services businesses, such as education, health care,
telecommunications, and financial services, and also includes transport and construction. Food
and beverage manufacturing, which generally is projected to grow with population in the forecast
period, was included in this group.

Within the manufacturing category, the forecast for the LNG manufacturing sector was
produced separately.

The coal mining sector forecast was also produced separately within the other business category.
Changes to business forecasts in the 2016 NEFR include:

1 Recognising structural changes in the economy by identifying business sectors exhibiting different
levels of growth and modelling them separately. This disaggregated approach mitigates the risk of
bias which could otherwise arise due to the dominating effect of certain sectors.

91 Developing three new econometric models to forecast business consumption:

- A short-term base model for total business consumption for the first year in the
forecasting horizon.

- Two long-term models for the two main categories (manufacturing and other business).

1 Surveying and interviewing most large industrial customers, seeking advice on near-term and
highly probable adjustments to forecasts.

1 Expanding post-model adjustments to account for emerging factors, such as growth of rooftop PV
and battery storage, and energy efficiency growth.

Electricity consumption data
Business electricity consumption data had two sources:
T AEMO6s meter dat a

1 The Energy Statistics Data (ESD)** published by the Office of the Chief Economist. The ESD
provided a means to segment total business consumption into the main categories of
manufacturing and other business sectors.

13 For more information on ANZSIC code classifications, refer to the ABS website:

http://www.abs.gov.au/ausstats/abs@.nsf/0/20C5B5A4F46 DF95BCA25711F00146D7520pendocument.

14 http://Iwww.industry.gov.au/Office-of-the-Chief-Economist/Publications/Pages/Australian-energy-statistics.aspx.
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Public data sources

A E M@ Ibng-term forecast models used macroeconomic variables. AEMO sourced information on
these economic indicators from publicly-available data.*®

Other data sources

AEMO used consultant projections for some inputs.1® For the business sector models this included:
Retail electricity price projections.t’

Household disposable income forecasts.

Gross state product forecasts.

Energy efficiency forecasts.

= =4 4 A -2

Rooftop PV generation forecasts.

AEMO took a hybrid modelling approach to forecast business consumption:

9 First, a short-term base model was developed to forecast 20151 16 annual underlying
consumption!8, which was calibrated using 20141 15 daily data, to provide a starting point for the
forecast not affected by historic long-run macroeconomic trends, structural economic changes, and
economic shocks.

1 Two long-term models for the manufacturing sector and the other business sector were then
developed to estimate the elasticities of demand corresponding to various economic drivers, which
captured and quantified the potential impacts of different economic drivers on electricity
consumption. These models used annual data from 20017 02 to 201371 14.

1 AEMO obtained forecasts of various economic drivers, externally or internally, and applied the
corresponding elasticities of demand to produce annual consumption forecast beyond 20157 16.1°

1 Post-model adjustments were made to account for potential impacts that were not captured in the
models, including plant expansion/closure and energy efficiency growth.

1 Finally, consumption met by rooftop PV generation and battery storage was removed to get
delivered consumption.?°

Figure 1 shows the steps undertaken to derive the underlying business consumption forecast. Figure 2
shows the compilation process to get from underlying consumption forecast to operational consumption
forecast.?!

15 Please see Table 32 in Appendix K for a list of references to datasets used.

16 Please see Table 32 in Appendix K for a list of references to datasets used.

17 Please see Appendix B.

18 Underlying demand is defined as behind the meter consumption for a household or business. Please see Appendix A for a full list of demand
definitions.

19 Forecasts for the LNG manufacturing sector and the coal mining sector are produced separately.

20 See Appendix A for a full list of demand definitions.

21 sSee Appendix A for a full list of demand definitions.

© AEMO 2016
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Figure1  Process flow for business consumption forecasts
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Figure 2 Process flow business forecast compilation
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2.2.2 Short-term base model

A short-term base model was developed to forecast 20157 16 business consumption as the starting
point of the 20-year forecast. This forecast reflected the most current business conditions, and was
weather normalised. The short-term model was segmented by summer and winter to produce more
fine-tuned elasticity parameters for heating degree days (HDD) and cooling degree days (CDD).??

The econometric models are presented below, where i indicates days.

Winter model
This comprised the months of April to September:
600EET T 000 T 6'00T "0 " QABINO 61T TOWO &€ QAOW
Summer model
This comprised the months of October to March:

60B€EET 1 00071 08 aQQOWDO 61 TwWWo ¢ Qiw

The variables were defined as shown in Table 2.

22 Exceptions to this were Queensland, which produces statistically insignificant estimates for HDD, and Tasmania, which has no CDD. For these
states, a single full year model was used.

© AEMO 2016 14
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Table 2 Variable description of short term base model
Variable names ID Units Description

Business Consumption Bus_Con MWh Total business consumption including rooftop PV but
excluding network losses.

Heating Degree Days HDD °C The number of degrees that a day's average temperature
is below a critical temperature. It is used to account for
deviation in weather from normal weather standards.

Cooling Degree Days CDD °C The number of degrees that a day's average temperature
is above a critical temperature. It is used to account for
deviation in weather from normal weather standards.

Dummy for public holidays Holiday {0,1} A dummy variable that captures the ramp-down in
industrial processes, and consequently in electricity
consumption, during public holidays.

Dummy for Saturdays Saturday {0,1} A dummy variable that captures the ramp-down in
industrial processes, and consequently in electricity
consumption, on Saturdays.

Dummy for Sundays Sunday {0,1} A dummy variable that captures the ramp-down in
industrial processes, and consequently electricity
consumption, on Sundays.

The following steps outline how business consumption forecast for 20151 16 was derived.

Step 1. Historical business consumption data
Business consumption is met by electricity from both the grid and off-grid rooftop PV generation.

Transmission losses and distribution losses were removed from the meter data to get real consumption
from the grid. Then the consumption from rooftop PV generation was added to get the total business
consumption. A further adjustment was made to account for business closures. For all businesses that
had closed before the time of modelling, their consumption was removed from the historic data.

Step 2. Econometric models for each state

For each state, daily data from 20141 15 was used to estimate the coefficients of the econometric

models. The length of the data used was intentionally short, so the parameters reflected the most

current business conditions and were not influenced by long-term factors such as policy shocks or
technology changes.

Step 3. 201571 16 business consumption forecast

The elasticity parameters derived in step 2, in conjunction with weather forecasts, were used to project
the 20151 16 consumption. This formed the starting point of the long-term forecasts.

Long-term model for manufacturing

This model was used to estimate the impacts of various economic drivers on manufacturing electricity
consumption over the long term.

The econometric model was as follows, where t indicates years:
110 &b Iy 1T0§60600 1 1 TOYD 7 006 -

The variables were defined as shown in Table 3.

© AEMO 2016
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Table 3 Variable description of long term model for manufacturing

Variable names ID Units Description
Manufacturing consumption Man_C GWh Manufacturing sector consumption.
Input Producer Price Index Input_PPI Index An input PPl measures the rate of change in the

prices of goods and services purchased as inputs by
the producer for the manufacturing sector.

Gross State Product GSP $ million GSP is a measurement of the economic output of
(FY 2012 a state. It is the sum of all value added by industries
real term)  within the state.

Dummy for the Global Financial GFC {0,1} A dummy variable that captures the economic shock
Crisis from the Global Financial Crisis.

The coefficientsT andf can be interpreted as the elasticities of manufacturing consumption
corresponding to respective explanatory variables. More precisely, they give the percentage change in
manufacturing consumption in response to a 1% change in Input PPl and GSP respectively (all else
being equal).

Long-term model for other business

This model was used to estimate impacts of various economic drivers on other business electricity
consumption over the long term. The econometric model was as follows?23, where t indicates years:

110 &nio I f a®00 f afO000 | a&0a®® | 000 | 6 00 | 008 -
The variables were defined as shown in Table 4.

Table 4 Variable description of long term model for other business

Variable names ID Units Description
Other consumption Other_C GWh Other business sector consumption.
Population POP Persons Population level of a state (net of deaths, births,

and migration).

Household disposable income HDI $ million Real level of money that households have available
(FY 2012 for spending and saving after income taxes have
real term)  been deducted.

Electricity price Elec_P $/MWh Retail electricity price for business users.

Heating Degree Days HDD °C The number of degrees that a day's average
temperature is below a critical temperature. It is used
to account for deviation in weather from normal
weather standards.

Cooling Degree Days CbD °C The number of degrees that a day's average
temperature is above a critical temperature. It is used
to account for deviation in weather from normal
weather standards.

Dummy for the Global Financial GFC {0,1} A dummy variable that captures the economic shock
Crisis from the Global Financial Crisis.

The coefficientsT ,T ,andl can be interpreted as the elasticities of other business consumption
corresponding to respective explanatory variables. More precisely, they give the percentage change in
other business consumption in response to a 1% change in population, household disposable income,
and electricity price respectively (all else being equal).

After the coefficients of the long-term models were estimated for each state, the following steps were
followed to derive consumption forecasts. The process applied to both the manufacturing consumption
forecast and the other business consumption forecast.

2 Note that HDD is not included in the model for Queensland and CDD is not included in the model for Tasmania.
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