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IMPORTANT NOTICE

Purpose

AEMO has prepared this document to provide information about methodology, data and assumptions
used to produce the 2016 National Gas 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

1 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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CHAPTER 1. INTRODUCTION

The National Gas Forecasting Report (NGFR) provides regional gas consumption and maximum daily
demand forecasts for Queensland, New South Wales, Victoria, Tasmania, and South Australia. The
regional forecasts represent demand to be met from gas supplied through the natural gas transmission
system in southern and eastern Australia, and are the sum of a number of component forecasts, each
having a distinct forecasting methodology. These components (defined in Section 1.2) are:

1 Liquefied natural gas (LNG).

1 Gas-powered generation (GPG).

1 Industrial.

1 Residential and commercial.

1 Network losses and other unaccounted for gas (UAFG).

For annual consumption, each of these component forecasts is modelled separately, and then summed
at the regional level. Chapters 2- 5 describe the methodologies used for each of the first four
components. Network losses and other UAFG are covered in Appendix C.

Maximum demand forecasts provide an annual projection of maximum daily demand for each region.
This requires the component forecasts to be coincident on the day of the system peak, so the maximum
demand methodology uses an integrated modelling approach that forecasts the component models
jointly to produce a forecast of maximum coincident daily demand (see Chapter 6).

1.1 Summary of NGFR scenarios

In 2016, AEMO updated its scenarios framework for forecasting and planning publications. Following
this update, all ik b&kfdisg themysoprobablepgatbway fer Australia, using
three scenarios representing weak, neutral, and strong economic and consumer outlooks. Table 1
summarises the main assumptions of each scenario.?

Table 1 2016 NGFR scenarios

Driver Weak scenario Neutral scenario Strong scenario

Population growth” Australian Bureau of ABS projection B ABS projection A
Statistics (ABS) projection C

Economic growth Weak Neutral Strong

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

Gas and electricity Based on current (20161 17) AER tariff determinations (escalated as necessary). Beyond the

network charges determination period, these are kept constant at the level of the last year of the determination.

Gas and electricity retail Assume current margins throughout

costs and margin

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

Energy efficiency uptake Low Medium High

Emissions policies Assumed to achieve 26% to 28% reduction in 2005 National Electricity Market (NEM)
emissions by 2030. Proxy carbon abatement cost starting at $25/t CO.e in 2020, rising to
$50/t CO.e in 2030, affecting both electricity and gas retail prices.

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

1 National Electricity Forecasting Report, National Gas Forecasting Report, NEM Electricity Statement of Opportunities, Gas Statement of
Opportunities for eastern and south-eastern Australia, and National Transmission Network Development Plan.

2 For more detail about scenarios see the 2016 NGFR, available at: http://www.aemo.com.au/Gas/National-planning-and-forecasting/National-Gas-
Forecasting-Report.
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Comparison to 2015 NGFR scenarios

While the Neutral scenario of this NGFR is generally comparable with the Medium scenario from
the 2015 NGFR, the new Weak and Strong scenarios have alternative assumptions on consumer
sentiment, so they are not directly comparable with the Low and High scenarios respectively in the
2015 NGFR.

The adjustment of consumer sentiment was to realign the economic outlook of the scenario with the
willingness of consumers to invest in energy efficiency, rooftop PV, and other investments affecting their
energy consumption. The 2016 scenarios assume higher willingness (and capability) to invest under
high economic growth. This improves the internal consistency of the scenarios compared to the 2015
scenarios, which had less such investment during high economic growth and more such investment in
low economic growth conditions.

Overall, the Strong and Weak scenarios still form an estimate of the range of likely outcomes and
should be used as such.

Annual gas consumption refers to gas consumed over a calendar year, and can include residential
and commercial consumption, industrial consumption, GPG consumption, or transmission and
distribution losses. Gas used for LNG processing and exports is considered separately. Unless
otherwise specified, annual consumption data includes transmission and distribution losses.

Distribution losses refers to gas leakage and metering uncertainties (generally referred to as UAFG)
in the distribution network. This is calculated as a percentage of total residential and commercial
consumption and industrial consumption connected to the distribution networks.

Effective degree days (EDD) is a measure that combines a range of weather factors that affect
energy demand.

Gas-powered generation (GPG) refers to generation plant producing electricity by using gas as a fuel
for turbines, boilers, or engines. In the NGFR forecasts, this only includes GPG that is connected to the
National Electricity Market (NEM). AEMO engaged the consultancy Jacobs to provide the GPG
forecasts based on their modelling of future electricity generation in the NEM.

Industrial, also known as Tariff D, refers to users that generally consume more than 10 terajoules (TJ)
of gas per year. Industrial consumption includes gas usage by industrial and large commercial users,
and some GPG that is not connected to the NEM, for example, GPG around Mt Isa.

Liquefied natural gas (LNG) refers to natural gas that has been converted to liquid form.

Maximum demand refers to the highest daily demand occurring during the year. This can include
residential and commercial demand, industrial demand, GPG demand, or distribution losses. Gas used
for LNG production is considered separately. Unless otherwise specified, maximum demand includes
transmission and distribution losses.

Per customer connection refers to the average consumption per residential and commercial gas
connection. Expressing consumption on this basis largely removes the impact of population growth, and
allows commentary about underlying consumer behaviour patterns.

Probability of Exceedance (POE) refers to the likelihood that a maximum demand forecast will be met
or exceeded, reflecting the sensitivity of forecasts to changes in weather patterns in any given year. The
2016 NGFR provides these forecasts:

1 1-in-2 maximum demand, also known as a 50% POE, means the projection is expected to be
exceeded, on average, one out of every two years (or 50% of the time).

1 1-in-20 maximum demand, also known as a 5% POE, means the projection is expected to be
exceeded, on average, one out of every 20 years (or 5% of the time).

© AEMO 2017
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Residential and commercial, also known as Tariff V, refers to residential and small-to-medium-sized
commercial users consuming less than 10 TJ of gas per year. Unless otherwise specified, historical
residential and commercial data is not weather-corrected.

Transmission losses refers to gas that is unaccounted for or consumed for operational purposes
(such as compressor fuel) when transported through high-pressure transmission pipelines to
lower-pressure distribution networks. Transmission losses are calculated as a percentage of total
residential and commercial, industrial, and GPG consumption, and distribution losses.

Winter refers to June to August and summer refers to December to February.

This NGFR continues a major shift in AEMOG6s forecast:i
2015, AEMO changed its forecasting methodstou s e det ai luepdd fnboodtetlosm t hat embr ac
of economic and technical methods to better capture the continuing transformation of the energy supply

and demand system. By looking at each emerging dynamic separately, the shift in forecast

methodology allows AEMO to both improve the accuracy of the forecast and better explain the reason

for forecast changes.

Compared to 2015, further enhancements have been made to produce this NGFR:

1 Impacts on temperature-dependent gas consumption (heating) from longer term climate change
have been built into the models, based on advice from the Bureau of Meteorology. See Appendix B
for details.

1 Retail market gas metering data has replaced the need for large industry data requests, providing
an automated and timely data-stream for distribution data (this included data up to August 2016).
This means forecasts are based on more current data than the data requests previously provided.

I The forecasting models now integrate supply and demand, gas and electricity, and international
and domestic models. This energy system integration enables the identification of dynamic price
and competition feedbacks, and provides results that are more indicative of a convergent
equilibrium. Notably, it means the gas forecasts used the latest electricity projections (input to GPG
fuel usage), which include the following updates and inclusions since the publication of the June
2016 National Electricity Forecasting Report:

- Electric Vehicle projections.
- Inclusion of the proposed Victorian Renewable Energy Target (VRET).

- Inclusion of the results of AEMOG6s 2016 survey anc
gas users.

- Inclusion of updated projections for electricity use by the Queensland LNG export industry.
- Inclusion of the announced Hazelwood Power Station retirement.

- Updated gas/GPG fuel costs based on the upstream supply demand balance that is an
outcome of these NGFR forecasts.

© AEMO 2017
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CHAPTER 2. LIQUEFIED NATURAL GAS (LNG) 1
ANNUAL GAS CONSUMPTION

'//

In preparing the 2016 National Electricity Forecasting Report (NEFR), AEMO engaged Lewis Grey
Advisory (LGA) to estimate projections of gas and electricity consumption used in the production and
export of LNG. LGA updated these estimates for the 2016 NGFR, after the 2016 NEFR was published.

LGAG6s estimates enabled a number of key assumptions t
AEMO and LGA also met with all LNG producers to collect and validate information to assist the
forecasting process.

As aresult, LNG consumption forecasts have changed since the publication of the 2015 NGFR and the
2016 NEFR.

2.1 Differences since 2016 NEFR

A full explanation of the forecasting methodology used in the 2016 NEFR is in the June 2016 LGA
report.3 Key differences in methodology for the 2016 NGFR are:

1 New project planning information has been received from LNG project operators:
- Australia Pacific LNG (APLNG) second train was deferred from Q2 2016 to Q4 2016.
- Gladstone LNG (GLNG) is experiencing a slower ramp-up to full production.

9 Strong forecast scenario i gas exports are 5% higher than the 2016 NEFR Strong scenario,
reflecting production at 110% of nameplate capacity instead of 105% of nameplate capacity, due to
assumed optimisation of the operation at the LNG plants (in industry terms, called
Afdebottl eneckingo) .

1 Weak forecast scenario i the decline in the Weak scenario from 2028 starts earlier than in the
2016 NEFR projections, due to non-replacement of coal seam gas (CSG) production capacity that
is consequential to projections of low oil/LNG prices.

2.2 Methodology

The LNG forecasts were developed by undertaking modelling, using a range of public data and the
outcomes of technical engagement with the LNG producers.

A full explanation of the forecasting methodology can be found in the November 2016 LGA report for
the 2016 NGFR.#

3 Lewis Grey Advisory, Projections of Gas and Electricity Used in LNG, 22 April 2016. Available at:
http://aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/NEFR/2016/Projections-of-Gas-and-Electricity-Used-in-LNG.pdf.
4 Lewis Grey Advisory, Updated Projections of Gas and Electricity Used in LNG; 18 November 2016. Available at:
https://www.aemo.com.au/-/media/Files/Gas/National_Planning_and_Forecasting/NGFR/2016/Projections-of-Gas-and-Electricity-Used-in-LNG-
Public-Report-November-2016.pdf.
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This chapter describes the methodology and key assumptions AEMO used to forecast GPG annual gas
consumption in supplying electricity to the NEM.5 The methodology and assumptions in this chapter
were also used to forecast GPG maximum demand. For the 2016 NGFR, AEMO engaged consultancy
firm Jacobs to produce the GPG forecasts. The following description of the methodology was provided
by Jacobs detailing how the GPG forecasts were performed.

Jacobsdé6 approach to projecting gas consumption for GP
was to use a PLEXOS model of the NEM under three modelling scenarios.

PLEXOS is a stochastic mathematical model, developed by Energy Exemplar, which can be used to
project electricity generation by power station, pricing, and associated costs for the NEM. AEMO use a
PLEXOS model and Jacobs have designed their PLEXOS model to follow the same techniques used by
AEMO in operating the NEM. In addition the model incorporates Monte Carlo forced outage modelling.
This model uses mixed integer linear programming to determine an optimal long-term generation
capacity expansion plan.

The modelling was conducted in two phases.

Phase 1

The first phase was to determine the capacity expansion plan, which included fulfilling the

Large-scale Renewable Energy Target (LRET) and more recent VRET targets with new renewable

generation capacity. Some of these measures for Australia to meet the 2030 emissions reduction target

may touch the pricing mechanisms of the mantheet, so a
modelling. Including a pricing impact encouraged the entry of additional renewable generation and

some economic retirement of some existing coal-fired power stations within the modelling horizon.

Phase 2

The second modelling phase was to run the detailed simulations in PLEXOS one year at a time, to
more accurately model system dispatch and pricing.

The first part of this process was to run the model in 2030 to ensure the emissions target was met. In

the event of a shortfall, one coal-fired generating unit was retired® and the model rerun. The generating

unit to be retired mast cthhesietn droder @ fihat i had already
NEFR modelling.

Once the 2030 target was met, the spacing of these regulatory coal-fired retirements was smoothed
out, taking into account the existing retirement sequence. This was done to avoid rapid changes in the
generation mix, which could result in large discontinuities in market prices and in annual GPG levels.

Following this, each year in the modelling horizon was run separately and the projected GPG level
was determined.

For the annual simulations:

This includes the vast majority of GPG in the eastern and south-eastern gas markets. Any GPG outside this, such as in Mount Isa, is captured as
Industrial (tariff D) demand.

6 The retirement mechanism was assumed to be a government imposed regulatory measure that was supplementary to the carbon price, and
designed to ensure the 2030 emission reduction target would be achieved

© AEMO 2017
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1 Prior to optimising dispatch in any given year, PLEXOS schedules planned maintenance and
randomly pre-computes a user-specified number of forced outage scenarios for Monte Carlo
simulation. Dispatch is then optimised on an hourly basis for each forced outage sequence, given
the load characteristics, plant capacities and availabilities, fuel restrictions and take-or-pay
contracts, variable operating costs including fuel costs, interconnector constraints, and any other
operating restrictions that were specified.

1 Expected hourly electricity prices for all the NEM regions, and hourly dispatch for all NEM power
stations, were produced as output and were calculated by modelling strategic behaviour, based on
PLEXOSS6 Cournot equil i br i-Coarng madeél wag bencbrdaekéd.to The Nash
historical market outcomes to ensure the bidding strategies employed produced price and dispatch
outcomes commensurate with historical outcomes.

1 The impact of financial contracts on the bidding strategy of market participants was incorporated
implicitly by specifying a proportion ofaportfol i 06s out put that is typically
restricting strategic bidding to the uncontracted proportion. Choosing the contract levels for each
portfolio was part of the benchmarking exercise carried out.

For the maximum demand forecasts:

1 Jacobs provided AEMO with 20 different hourly GPG Monte Carlo simulations for each scenario for
a peak winter month. After reviewing the simulations, AEMO based the maximum demand forecast
off the median trace for each region in the NEM.

The three market scenarios explored for this study were the Neutral, Strong, and Weak scenarios,
modified to reflect recent developments in the market. The scenario labels refer to the state of the
economy, and broadly speaking respectively reflect average, low, and high levels of consumer
confidence. See Appendix E: Scenarios Summary for the assumptions used for the GPG study.

Key assumptions used in the electricity market modelling included:

1 The demand projections used were based on the historical 20107 11 hourly load profile for the
NEM regions grown to match the projected median (50% POE) summer and winter maximum
demand from the 2016 NEFR.

1 Wind power in the NEM was based on the chronological hourly profile of wind generation for each
generator from the 20107 11 financial year, and was therefore accurately correlated to the
demand profile.

9 Capacity was installed to meet the target reserve margin for the NEM in each region. Some of this
peaking capacity may represent demand side response rather than physical generation assets.

1 Infrequently used peaking resources were bid near Market Price Cap (MPC) or removed from the
simulation to represent strategic bidding of these resources when demand is moderate or low.

1 Generators were assumed to behave rationally, with uneconomic capacity withdrawn from the
market and bidding strategies limited by the cost of new entry. This was a conservative
assumption, as there have been periods when prices have exceeded new entry costs when
averaged over 12 months.

1 Implementation of the LRET and Small-scale Renewable Energy Scheme (SRES) schemes. The
LRET target is for 33,000 gigawatt hours (GWh) of renewable generation by 2020.

1 Anydemand side action for emissions abatement (energy efficiency) or otherwise economic
responses (such as to increasing electricity prices) throughout the NEM was assumed to be
included in the NEM demand forecast.

© AEMO 2017
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This chapter outlines the methodology used to develop annual gas consumption forecasts for industrial
customers. Industrial consumption, also known as Tariff D consumption, is defined as consumption by

network customers who are billed on a demand basis.” These customers typically consume more than

10 TJ per year.

AEMO defined two categories of industrial customer for analysis purposes:

1 Large industrial loads (LIL): consume more than 500 TJ annually at an individual site. Typically
includes aluminium and steel producers, glass plants, paper and chemical producers, oil refineries
and GPG not included in GPG forecasts.8

1 Small-to-medium industrial loads (SMIL): consume more than 10 TJ but less than 500 TJ annually
at an individual site. Typically includes food manufacturing, casinos, shopping centres, hospitals,
stadiums, and universities.

Industrial gas consumption has historically tended to be dominated by very large users, often
representative of heavy manufacturing. Over the last ten to fifteen years, industrial consumption has
experienced large declines in most states, and declines in heavy gas-intensive manufacturing can
dominate the historic data that is used to forecast future consumption. Growing sectors for gas
consumption, such as services and food and beverage manufacturing, represent only 17% of total
annual industrial consumption across all regions.

In the 2015 NGFR, AEMO introduced an integrated, bottom-up sector modelling approach to industrial
forecasts to capture the structural change effect in the Australian economy. The 2016 NGFR continues
to use a bottom-up sector modelling approach with the following refinements:

1 Changed forecast drivers for manufacturing sector econometric forecasts to improve the accuracy
of the underlying trend (see 0 and 0).

T Considered the impact of c¢climate change on the heat
(primarily comprising of large commercial services). Heating load was also calculated as a post-
model adjustment to econometric forecasts.

1 Improved the split between Manufacturing sector to Other business sector, using better quality
AEMO meter data and surveys received from Distribution and Transmission Network Service
Providers that have become available since the 2015 NGFR (see Section 4.2.2 for further details).

1 Refined the approach for producing base year forecasts.
The details of these changes will be covered in the following sections.

Meter gas consumption data

AEMO receives aggregated historical industrial consumption data from distribution and transmission
business owners for all regions exceptVi ct or i a. I n Victoria, this data is
Management System (MMS) used in market settlements.

AEMO aggregates the historical and forecast data to region level for confidentiality purposes.

7 Customers are charged based on their Maximum Hourly Quantity (MHQ), measured in gigajoules (GJ) per hour.
8 This includes GPG which is not connected to the NEM, and large co-generation.

© AEMO 2017



Public data sources

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.

Please see Table 37 in Appendix D for a list of detailed references.

Consultant data sources
1 Wholesale gas price forecasts were modelled by consultancy CORE Energy.1°

1 Retail gas price forecasts were modelled by AEMO, with CORE Energy forecasts used as a
key input.

1 Industrial Production forecasts, used as a key driver of manufacturing sector forecasts, are
available in the Deloitte Access Economics Business Outlook forecasts. These forecasts were
used by AEMO in the Neutral scenario. Weak and Strong scenarios were created by AEMO using
the Neutral scenario as a benchmark.

1 Gross Value Added (GVA) forecasts for services and manufacturing sector were provided
by consultancy KPMG.

4.2 Methodology
The Industrial gas consumption forecasts were developed in three main phases (summarised in the
following diagram):

Phase 1: Short-term model forecasts (2016).

Phase 2: Long-term model forecasts (2016 to 2036)

Phase 3: Post-model adjustments, made for expected variations not captured organically by the
econometric models.

The detailed methodology of each phase is discussed in Sections 4.2.1 to 4.2.3.

9 http://www.industry.gov.au/Office-of-the-Chief-Economist/Publications/Pages/Australian-energy-statistics.aspx. Viewed: 16 January 2017
10 Core Energy Group. NGFR Gas Price Review Final Report, October 2016. Available at: http://www.aemo.com.au/Gas/National-planning-and-
forecasting/National-Gas-Forecasting-Report.
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Figurel Methodology process flow for industrial gas consumption forecasts for New South Wales,
South Australia, and Victoria

42.1 Phase 1: short-term model forecasts

A base year forecast was developed to provide a starting point for the long-term forecasts. This starting
point was the forecast consumption in 2016 in the absence of change to macroeconomic drivers and
assumed a weather standard year.!?

As consumption data for 2016 had to be estimated, the following approach was taken.

1 Forecasts assume standard weather years, as defined in Appendix B.
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