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Abstract
Western Australia’s domestic gas reservation policy is an export restriction that requires
Liquefied Natural Gas (LNG) exporters to supply the equivalent of 15 per cent of their
export volumes to the Western Australian market. The policy raises the supply of
natural gas to the domestic market, resulting in lower domestic gas prices than may
prevail without the policy intervention. In this sense, the policy is often characterised as
a simultaneous tax on producers and subsidy for domestic consumers, with attendant
welfare costs. While gas users may benefit, this trade restriction is found to impose a net
cost across all Australian households, since gas resources are diverted inefficiently and
the incentive for gas production and exploration is reduced.

This thesis offers the first quantitative assessment of the economic impact of the
domestic gas reservation policy in Western Australia. A partial equilibrium model of the
State’s gas industry is developed, representing the key features of the upstream natural
gas market. Each project has heterogeneous costs, for both extraction and pipeline
transport. Gas projects also have very large fixed costs, so short run production is
constrained by processing capacity and proved gas reserves. The Western Australian gas
market features a small number of large producers, and oligopolistic pricing power on
the domestic market is taken into account.

The domestic gas reservation policy, as it has been applied to the Gorgon and
Wheatstone projects, is estimated to impose an overall net loss of around $700 million
each year. The loss to Australian households is estimated to be $200 million. While
there may be a very small gain to Western Australians, this estimate depends crucially
on specific circumstances and assumptions, and is within the margin of error. These
results imply that the Western Australian government should remove the domestic gas
reservation policy, because it imposes a net loss for Australian households, and any
small potential gain to Western Australians is not guaranteed.
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Chapter One:
Introduction
Western Australia’s domestic gas reservation policy is an export restriction under which
the State Government nominally requires new gas developments to supply the
equivalent of 15 per cent of their gas exports to the Western Australian domestic gas
market (DSD 2016). The Government enforces the policy primarily via their right to
deny access to land for liquefaction plants and other infrastructure. The direct effect of
the policy is to increase domestic gas supply compared to what it otherwise would have
been, thus lowering the domestic gas price.
The policy was introduced in 2006, and can be seen as a more formal version of the
domestic supply obligations contained in previous ‘State Agreements’ between gas
suppliers and the State Government. Despite being introduced a decade ago, to date,
there has been no quantitative analysis of the economic impacts of the policy. This
thesis offers the first estimates of the size of the impact of the Western Australian
domestic gas reservation policy on the Australian and Western Australian economies.
A number of studies have discussed the economic impacts of the reservation policy in a
qualitative manner (for example, BREE 2014b and ERA, 2014). These studies find that
the reservation policy is likely to have a negative economic impact, and re-interpret the
policy as having the same effects as a simultaneous tax on gas producers and subsidy to
domestic gas consumers. However, the literature is yet to systematically analyse the
policy as a restriction on the quantity of exports. This thesis seeks to address this gap,
and analyses the policy by formally assessing producers’ profit-maximising choice of
total gas production and the proportion supplied to the domestic market. In doing so, an
elemental framework for understanding the policy’s impacts is developed and the
source of the deadweight loss is clarified. In particular, the analysis shows that the
implicit production tax is equal to the price discount received by domestic consumers
(relative to the export price) multiplied by the proportion of total supply reserved for the
domestic market.
Two studies estimate the size of the economic loss from a hypothetical reservation
policy in the eastern states. Deloitte Access Economics (DAE, 2013) model the policy
1

in an indirect way, using a combination of a tax and subsidy regime to represent the
policy. The Productivity Commission (PC, 2015) develops a detailed project-by-project
model of the eastern gas market, although it assumes that the gas market in the eastern
states is perfectly competitive, which is not appropriate for Western Australia, as
discussed below. Nevertheless, both studies find that a reservation policy would be
detrimental to the Australian economy, resulting in lower living standards.
The Western Australian gas market has a number of features that necessitate more than
an elemental analysis. Firstly, the Western Australian gas market consists of a small
number of separate gas projects, some of which are very large compared to the overall
domestic market, suggesting the presence of market power. In addition, each gas project
has heterogeneous extraction, processing and transport costs, and faces capacity
constraints due to both the size of processing plants and the volume of gas reserves.
This thesis therefore develops a partial equilibrium model, the Natural Gas Industry
Model, of the Western Australian gas industry that takes into account the oligopolistic
market structure and the engineering constraints faced by gas producers. The approach
draws on modelling by Hartley and Medlock (2008), which focusses on the extraction
decisions of a national oil company. The oligopolistic behaviour is related to modelling
by Tyers (2005, 2015) which includes oligopolistic interactions in a market with
homogeneous products and fixed costs. The model also has similarities to a model of
the eastern gas market, presented by The Department of Industry, Innovation and
Science (DIIS) (2015a).
This model is then calibrated to Western Australian data and used to estimate the shortrun economic impact of the domestic gas reservation policy, as it applies to the Gorgon
and Wheatstone projects. Domestic gas plants to meet domestic supply obligations
under the reservation policy are currently being constructed at both of these new LNG
projects, and are soon due for completion. The economic outcomes for the Western
Australian gas sector are compared with and without these domestic plants. The results
show that there is an overall economic loss from the reservation policy, as it has been
applied to the Gorgon and Wheatstone projects.
It is generally believed that there is a high proportion foreign ownership in the oil and
gas industry. Some studies, including ACIL Allen (2014) and ERA (2014), raise the
question of how this might affect the distribution of the gain to gas consumers and loss
2

to gas producers from the reservation policy. Specifically, if foreign ownership of gas
producers is higher than for gas consumers, then the reservation policy might be
considered as a transfer of income from foreign gas-producing firms to domestic gasconsuming firms. In the absence of reliable estimates, both studies leave this question to
future research. This thesis therefore seeks to determine whether differences in foreign
ownership for gas producers and consumers lead to a net benefit to domestic households
from the reservation policy. The investigation finds that at the national level, there is a
net loss to Australian households from the reservation policy, as it has been applied to
the Gorgon and Wheatstone projects. However, the net effect for Western Australian
residents is less clear-cut.
This thesis is structured as follows.
Chapter Two provides context for the analysis by discussing the features of the Western
Australian gas market, how the reservation policy has been applied to each project and
the potential motivations for introducing the policy. Chapter Three then reviews
previous studies and develops an elemental framework that enables an intuitive
understanding of the sources of economic loss from the reservation policy. This
framework is then used to construct a back-of-the-envelope estimate of the size of the
loss caused by the Western Australian domestic gas reservation policy.
Chapter Four develops the theoretical structure of the Natural Gas Industry Model,
which explicitly takes into account the important features of the market identified in
Chapter Two, and respects the key engineering constraints faced by each gas project. It
also discusses the data used and the calibration of the model. Chapter Five then uses this
model to estimate the economic impact of the restrictions that the reservation policy has
imposed on the Gorgon and Wheatstone projects.
Finally, Chapter Six addresses the question of how the impacts of the policy are
distributed between foreign and domestic households. It undertakes a detailed analysis
of each company involved in the production and consumption of gas in Western
Australia, using both publicly available and proprietary data. This data is used to
estimate the share of before-tax profits from each company that accrue to Australians
and Western Australians, which can then be used to estimate how the reservation policy
affects the incomes of Australian and Western Australian households. Chapter Seven
summarises the thesis and its implications for policy-makers.
3
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Chapter Two:
Gas Reservation in the Western Australian Context
This chapter first outlines the features of the Western Australian gas market that are
pertinent to both understanding the market and modelling it realistically. It then
discusses the domestic gas reservation policy, its application to each of the separate gas
projects in the state, and the potential motivations of the government in introducing the
policy. The chapter finishes with an analysis of whether the domestic gas reservation
policy is likely to be binding.

2.1 Key features of the Western Australian gas market
The Western Australian gas market is separated geographically from the rest of the
country. As Figure 2.1, from Ledesma et al. (2014), makes clear, there are no pipeline
connections from the western market to the eastern or northern gas markets. Thus, the
domestic gas price in Western Australia will be driven by the balance of supply and
demand within the state, as well as competition from the export market.
Figure 2.1: Map of key Australian gas production and distribution infrastructure (2014)

Source: Ledesma, Henderson and Palmer (2014)
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In fact, exports of Liquefied Natural Gas (LNG) play a very important role in the
Western Australian gas market. Based on data published by Western Australia’s
Department of Mines and Petroleum (DMP), total LNG exports in 2015 were 1,118 PJ,
which was almost three times larger than the 383 PJ of natural gas supplied to Western
Australia (DMP 2016). Historical production of LNG exports and domestic supply is
presented in Figure 2.2.
Figure 2.2: WA Gas production, PJ
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Eight separate projects currently extract natural gas in and around Western Australia.
Two supply Liquefied Natural Gas (LNG) to the export market, while seven supply to
the domestic market. Figure 2.3 graphs 2014 supply from each of the eight currentlyoperational projects.
LNG exports from Western Australia commenced in the late 1980s, with the
development of the North West Shelf (NWS) project. This project is responsible for
most of the state’s gas production and is the only project currently supplying both the
export and domestic markets. It supplied 78 per cent of the state’s exports and 48 per
cent of domestic gas in 2014. Long-term contracts between the NWS project and the
Western Australian Government underwrote the initial development of the project.
Specifically, the Western Australian energy utility “committed to purchase a significant
quantity of the gas – an amount that at the time was far in excess of local demand – for a
period of at least 20 years.” (Parliament of Western Australia, 2014, p 274). The
6

government thereby supported the expansion of the state’s gas industry when it was in
its infancy. Now that the industry is mature, such “infant industry” considerations are no
longer relevant in the evaluation of policies affecting the industry, including the
domestic gas reservation policy.
Figure 2.3: WA Gas production by project, 2014, PJ
1,000

901

800

LNG

600

Domestic Gas

400
255
200

172
99

53

26

5

3

1

Dongara

Red Gully

Beharra Springs

Devil Creek

Macedon

Varanus Island

Pluto

North West
Shelf

0

Source: Author’s calculations based on DMP (2015, 2016), APPEA (2015) and IMO (2015).
Note: LNG exports are in FOB terms. All quantities are after losses during production and pipeline
transport.

The Pluto LNG project, which came online in 2012, is the other project currently
producing exports. Varanus Island, which commenced operations in the early 1990s, is
the second-largest supplier of domestic gas, accounting for almost one third of supply in
2014. More recently, the Devil Creek and Macedon plants were constructed to service
the domestic market. The Devil Creek gas plant, which commenced operations in 2011,
was “the first new plant built in Western Australia in almost 20 years” (Apache, 2013).
The smaller projects included in Figure 2.3 are onshore operations in the Perth Basin,
and are a very small proportion of overall supply.
In addition, four new export projects are due to commence in coming years. Two of
these will have domestic processing facilities. These new projects are discussed in the
following section.
Western Australian gas consumption is concentrated in electricity generation, minerals
processing and mining. Figure 2.4 shows the proportion of use by industry, based on
7

data on the 36 largest gas consumers in the state, as published by the Independent
Market Operator (IMO, 2015)1.
Figure 2.4: WA gas consumption
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The main use of gas in Western Australia is alumina refining, with four refineries
consuming 28 per cent of WA’s domestic gas. Electricity generation is the next most
important use, and 13 different electricity generation plants account for 26 percent of
WA’s gas use. Mining operations use 18 per cent, and two ammonia plants use 10 per
cent. Interestingly, residential consumption is less than 2 percent of gas use in Western
Australia (BREE 2014).
The IMO (2015a) forecasts that future growth in domestic demand is likely to be very
slow, at an average of between 0.3 and 1.3 per cent each year to 2024.

2.2 Application of the domestic gas reservation policy
The domestic gas reservation policy is an export restriction whereby the government
can require each LNG project to supply the equivalent of 15 per cent of export volumes
to the Western Australian domestic market. It was introduced in 2006, but can be seen
as a formalisation of domestic supply provisions previously included in ‘State
1

The Independent Market Operator (IMO) is responsible for implementing the Gas Services Information
(GSI) rules, which involves collecting and disseminating data on the Western Australian gas market as
well as producing the annual Gas Statement of Opportunities. The IMO also administers and develops
changes to wholesale electricity market in Western Australia. These IMO functions were transferred to
the Australian Energy Market Operator (AEMO) in late 2015.
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Agreements’ between each project and the State Government. Rather than being
legislated, the domestic gas reservation policy is primarily enforced through the State’s
ability to deny access to land for developing LNG plants and infrastructure. When a
project’s gas reserves are within State Waters, the Government can also withhold the
right to extract the gas. However, most reserves are located outside State Waters.
The clearest statement of the domestic gas reservation policy is in a 2012 report from
the Western Australian Department of Finance, and is as follows:
“LNG producers will commit to make available domestic gas equivalent to 15%
of LNG production from each LNG export project by:
- reserving domestic gas equivalent to 15% of LNG production from each LNG
export project;
- developing and obtaining access to the necessary infrastructure (including a
domgas plant, associated facilities and offshore pipelines) to meet their
domestic gas commitments as part of the approvals process;
- showing diligence and good faith in marketing gas to the domestic market.
These efforts may be subject to independent review.
Producers should undertake the above actions such that domestic gas is made
available to coincide with the start of LNG production. This timing may, however,
vary depending on project circumstances.
Prices and contracts for domestic gas will be determined by the market.
Producers may propose to offset their domestic gas commitment by supplying gas
or other energy from an alternative source, rather than supplying gas from their
LNG projects. Among other conditions, producers will have to demonstrate that
the proposed offset represents a net addition to the State's domestic energy supply.
The State will consult with industry to develop criteria for domestic gas offsets.”
(Department of Finance 2012, p14)
The domestic gas reservation policy is applied on a project-by-project basis. Although
the policy wording indicates that there is some flexibility, it appears that, since its
introduction in 2006, the government has attempted to apply the 15 per cent domestic
9

supply requirement to each proposal for a new LNG project and to expansions of
existing projects. Figure 2.5 shows the LNG capacity and related domestic supply
capacity for each relevant LNG project.
Figure 2.5: LNG and domestic supply capacity under the reservation policy, annual, PJ
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The Browse Joint Venture announced that the project has been shelved in March 2016.

The Gorgon LNG project has been under construction since 2009 and shipped its first
LNG cargo in March 2016. The project agreed to supply a total of 2,000 PJ to the
domestic market under a State Agreement that was made before the reservation policy
was introduced. The project has under construction a domestic gas plant with capacity
to supply 55 PJ per year for six years from 2016, with agreement to expand this capacity
to 110 PJ per year thereafter (IMO 2013). This amounts to 6 and then 12 per cent of the
initial annual LNG capacity of the project.
The Wheatstone LNG project, currently under construction, faces a full reservation
requirement of 15 per cent of LNG volumes. Wheatstone LNG production is expected
to commence in 2017. Production of domestic gas is scheduled to commence in 2018, at
a plant with capacity to supply 73 PJ per year (Chevron 2016).
The NWS has also agreed to supply domestic gas equivalent to 15 per cent of its LNG
exports from new expansions at Persephone and Greater Western Flank Two (Barnett
2014).

10

Gas reserves for the, now deferred, Browse Floating LNG project are only partly in
State waters. The domestic gas obligation applied only to 65 per cent of the Torosa
field, reducing the project’s reservation requirement to around 10 per cent of LNG
export volumes (Barnett 2015). The Browse Joint Venture announced in March 2016
that they would shelve this project.
Although Pluto has agreed to supply domestic gas equivalent to 15 per cent of LNG
exports, “it remains highly contingent on the commercial viability of a domestic gas
plant”. (DMP 2015, p40)
Two other export projects currently under construction have avoided the reservation
policy, because their production facilities and gas reserves are located outside Western
Australia. Prelude will use “Floating LNG” technology, so that the gas is liquefied
outside state borders. Ichthys will use “one of the longest subsea pipelines ever built” to
transport gas to Darwin for liquefaction (Inpex 2015).

2.3 Motivation for the policy
A number of potential motivations have been proposed for the domestic gas reservation
policy. Various authors2 have suggested that the Western Australian Government may
have aimed either to: 1) increase domestic supply security; 2) lower domestic prices; or
3) offset the effects of imperfect competition on the domestic gas market.
Greater supply security and lower domestic prices
An October 2006 government document by the then State Premier, Alan Carpenter,
emphasised domestic supply security as a key motivation for the domestic gas
reservation policy. For example, it warns that: “Should the majority of the State’s gas
resources be committed to long-term contracts for overseas buyers in the next few years,
there are serious concerns that insufficient gas will be available for future domestic use”
(DPC 2006, p3).
However, Western Australia and its surrounding waters are endowed with very large
gas reserves with high prospectivity for future economically viable developments. Thus,
the physical availability of natural gas is unlikely to impede supply security. Rather, the
relevant issue is the price that domestic gas users must pay to gain access to that supply.
2

such as Department of Premier and Cabinet (2006), Economic Regulation Authority (2014) and
Parliament of Western Australia, Economics and Industry Standing Committee (2011)
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Presumably, gas producers would be willing to sell any volume to the domestic market,
as long as the price is competitive with the export market3.
Of course, the supply of natural gas to the domestic market is unavoidably linked to the
domestic price. If the reservation policy directs additional supply to the domestic
market, domestic prices will be lower than they otherwise would have been. Thus, a
reservation policy that aims to secure higher levels of domestic gas supply than would
prevail without the policy intervention, would thereby maintain lower domestic gas
prices than otherwise.
Indeed, there is evidence that the Western Australian government was concerned about
domestic gas prices when it introduced the domestic gas reservation policy. A June
2006 presentation by Gary Stokes, the then Deputy Director General in the Office of
State Development, acknowledged that “economic factors favour export of gas over
domestic supply” and demonstrated that the international price for LNG had been
growing to a level significantly higher than the WA domestic gas price (DIR 2006,
p2, 4). His presentation also explicitly states that the objective of the domestic gas
reservation policy is to “ensure that sufficient supplies of competitively priced gas are
available to underpin Western Australia’s long-term energy security and development”
[emphasis added] (DIR 2006, p3).
Similarly, in a recent speech to a global LNG conference, Collin Barnett, the current
Western Australian Premier, encouraged the eastern states to adopt a domestic gas
reservation policy. According to media reports, he “controversially suggests that a lack
of a WA-style policy to reserve some gas for domestic use has caused local supply
shortages and higher domestic prices” (AFR 12 Apr 2016, p38).
Some analysts have even suggested that the policy “appears to have been the Western
Australian Government’s response to ... a sharp spike in gas prices and tight supply of
domestic gas” (ERA 2014). Indeed, the historical long-term contracts between major
domestic consumers and the NWS project have resulted in relatively low and stable
nominal gas prices. Real gas prices on the Western Australian domestic market declined
during the two decades from the mid-1980s, as Figure 2.6 shows.

The relevant price comparison is with respect to the ‘LNG Netback’ price: the international LNG price
less any shipping and liquefaction costs.
3
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Figure 2.6: Real gas prices in Western Australia, AUD per GJ, 2015 terms
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Since that time, average domestic gas prices have risen in real terms. The average real
price (in 2015 Australian dollars) rose to a peak of $5.00 per GJ in 2014 from $3.00 per
GJ in 2004. This increase in the average price occurred as existing long-term contracts
expired, and prices for new contracts were being negotiated in an environment of
greater competition from the export market. Between 2004 and 2014, LNG prices were,
on average, 2.7 times domestic gas prices. This put upward pressure on prices for new
domestic gas contracts, and in 2013/14, ACIL Tasman (2013) estimated that the average
price for new domestic gas contracts was around $8 per GJ.
More recently, however, prices for new domestic gas contracts have been lower than the
$8 per GJ seen in 2014/15. Western Australia’s Independent Market Operator (IMO)
estimated in November 2015 that gas prices for new contracts are likely to average
around $5.70 per GJ in 2016, and remain at around that level until 2021 (IMO 2015a).
Two key factors are seen to be driving this price decline. First, the fall in international
oil and gas prices that has occurred since 2014 will reduce the pressure on domestic
price growth. Second, the reservation policy itself means that additional gas supply is
expected on the domestic market in 2016 and 2018, which will also put downward
pressure on prices.

13

It has been suggested4 that, by lowering domestic gas prices, the reservation policy
could transfer rents from largely foreign owned international gas companies to largely
domestic consumers, thereby generating a net gain for Western Australians at the
expense of foreigners. This question is also raised in ACIL Allen (2014) and ERA
(2014). However, to date, there has been little information available on foreign
ownership of Western Australian gas producers and consumers. Chapter Six compiles
this information and investigates this issue further.
Competition on the domestic gas market
In addition to the issues raised above, some proponents of the policy are concerned that
a lack of competition in the domestic market can lead to domestic prices that are above
LNG netback prices. For example, a 2011 Parliamentary Inquiry into domestic gas
prices found that:
“Prices that persistently reach or exceed LNG netback values reflect an absence
of adequate competition and are inconsistent with a well-functioning domgas
market. Under such circumstances, some form of policy intervention in the market
is appropriate.
The Domestic Gas Reservation Policy is an essential policy instrument for
ensuring that an appropriate level of gas is supplied into the local market to
achieve reasonable price outcomes. This instrument should be part of a suite of
policy responses, the primary aim of which should be to improve the overall level
of liquidity, competition and transparency in the Western Australian domestic gas
market.”
(Parliament of Western Australia 2011, p76)
Indeed, significant market power appears to exist in the Western Australian domestic
gas market because of the presence of a small number of very large projects. Until the
end of 2015, the North West Shelf project marketed its domestic gas ‘jointly’, so that
domestic supply decisions were made as a project, rather than separately by each of the
six joint venture partners. This meant that one producer was responsible for 48 per cent
of 2014 domestic gas supply in Western Australia, as shown in Figure 2.7.

4

This was suggested in personal communications between the author and government representatives.
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Figure 2.7: Domestic gas supply in Western Australia by project, 2014
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Thus, the supply decisions of each project can have a material impact on the domestic
gas price, which reduces the marginal revenue that a project would receive from a
marginal increase in its domestic gas supply. It is likely that each project would
recognise this market power, and therefore face an incentive to withhold some gas
supply from the domestic market.
Since the domestic gas reservation policy is likely to raise domestic gas supply and
lower its price, the policy may therefore offset the negative effects of this oligopoly
power. However, it is unlikely that an export restriction such as the domestic gas
reservation policy is a “first best” policy to combat a lack of competition on the
domestic gas market. In any case, since the start of 2016, the six joint venture partners
forming the NWS project have agreed to market their gas separately on the domestic
market. This increases the number of players participating in the domestic market to the
number of companies, rather than the number of projects. If each company were to
market its gas separately, based on 2014 production volumes, the largest domestic gas
supplier would be Quadrant, through its involvement in the Varanus Island, Macedon
and Devil Creek projects. The next largest would be Woodside, the operator of the
NWS project, with 24 per cent of domestic gas supply5, as shown in Figure 2.8.

5

Woodside is a 50 per cent joint venture partner in the NWS Domestic Gas Joint Venture according to
ACIL Tasman report (2009).
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Figure 2.8: Domestic gas supply in Western Australia by company, 2014
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Source: Author’s calculations based on DMP (2015, 2016), APPEA (2014), IMO (2015) and company
websites.
Note: Chapter Five contains further explanation of the estimates shown in this figure.

As the Gorgon and Wheatstone domestic gas plants come online, the market structure
will change again, with Quadrant’s share likely becoming smaller and Chevron, Shell
and ExxonMobil’s shares becoming larger. This new market structure is unlikely to
completely eliminate imperfect competition. As joint venture partners, each company
will have access to information about the supply decisions of others in the market, and
many companies will be involved in multiple projects. Thus, opportunities for tacit
collusion are likely to remain.

2.4 The domestic gas reservation policy is binding
The reservation policy will only have an impact on the domestic gas market if, in the
absence of the policy, producers would have chosen to supply less to the domestic
market than the policy requires. This section therefore considers whether such
circumstances prevail.
Domestic gas consumption in Western Australia was around 33 per cent of LNG
exports in 2015, as shown in Figure 2.9.
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Figure 2.9: Domestic consumption relative to LNG exports, PJ pa, Western Australia
80%
70%
60%
50%
40%

33%

30%

20%
10%

15%

13%

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025

0%

historical (a)

forecast (b)

Source: (a) DMP (2016), (b) IMO (2015a)
Note: Data excludes gas consumed during LNG processing

The IMO (2015a) forecasts that growth in domestic demand to 2015 is likely to be very
slow, at an average of between 0.5 and 1.5 per cent each year. On the other hand, four
new LNG projects are currently under construction and exports are expected to grow
significantly over coming years. As a result, by 2018, domestic gas consumption is
projected to have a declining share of total state production, with domestic consumption
as a share of (LNG) exports expected to fall to around 15 per cent, and then continue to
decline to 13 per cent. Thus, the industry-wide data appear to suggest that a 15 per cent
domestic gas reservation policy is not likely to be binding for another few years.
However, reservation requirements are imposed on each new project, rather than the
industry as a whole, so the policy’s impact therefore depends on how it affects output
from each project.
In evaluating whether the policy is binding, an important consideration is the current
imbalance between domestic supply capacity and actual domestic consumption.
Although total capacity must be greater than average demand in order to meet demand
in peak periods, the IMO forecasts presented in Figure 2.10 confirm that domestic
production capacity significantly exceeds domestic demand.
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Figure 2.10: Domestic gas capacity and demand in Western Australia (PJ pa)
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With the addition of the Gorgon and Wheatstone facilities under the reservation policy,
annual domestic gas production capacity is likely to be around double that of actual
consumption volumes by 2020. In addition, the IMO (2015a, p77) find that producers
supplying the domestic market appear to have sufficient gas reserves to continue
supplying at current levels until at least 2025. The exceptions are the small producers in
the Perth Basin, although reduced production from these facilities would have minimal
impact on the overall domestic gas market because other producers have spare capacity
that could replace any of these volumes.
Indeed, spare capacity is valuable. For example, it assists electricity producers to satisfy
peak demand for electricity. If gas producers were to absorb the full variation in demand
for gas by electricity producers, gas supply capacity would need to be, at a maximum,
around 1.7 times actual annual gas consumption.6, 7 However, this is likely to be an
overestimate of the required capacity, because the Western Australian electricity market
6

In 2014, the annual generation capacity of electricity generators that use gas as feedstock was around 3.7
times the actual electricity generated, partly because of the role that these plants play as peaking or
intermediate electricity suppliers and partly because of overcapacity in the Wholesale Electricity Market
(based on data from IMO 2015b, p106 and Department of Finance 2014, p25). According to the Gas
Bulletin Board data presented earlier, electricity generators accounted for approximately 26 per cent of
Western Australian total domestic gas use. This translates to domestic gas suppliers needing capacity
around 1.7 times total gas consumption.
7
The additional capacity required to satisfy peak domestic gas demand would result in higher costs for
suppliers of gas to the domestic market. A gas project will prefer to supply a certain quantity of gas
continuously because this would allow it to reduce capital costs compared to supplying the same average
quantity but with peak and off-peak periods. This is because in the latter case, some capacity would be
unutilised during off-peak periods.
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itself has significant overcapacity (Department of Finance, 2014) and is therefore very
unlikely to use all gas fired electricity plants simultaneously. Of course, an alternative is
to use storage to assist with peak load management, and the gas storage capacity
available at the Mondarra Gas Storage Facility does play this role. Overall, therefore,
domestic gas capacity would seem to be in excess of demand in Western Australia.
In this environment of low domestic demand growth and over-capacity, it is unlikely
that producers with the option to export their gas would choose to construct additional
domestic production facilities in the absence of the reservation policy. It is therefore
likely that the domestic gas reservation policy is binding for new LNG projects in
Western Australia. Moreover, supply to the domestic gas market can increase over time
without the construction of new domestic gas facilities by LNG exporters. There are
currently six facilities that supply exclusively to the domestic gas market in Western
Australia, all of which have spare capacity to increase their production should they be
able to cover their marginal costs.

2.5 Chapter summary
Western Australia is surrounded by significant gas reserves, but its market is physically
separated from the other Australian States, and therefore largely export oriented. LNG
export volumes were almost three times larger than domestic gas supply in 2015 (DMP
2016), despite the fact that only two of the eight currently-operational gas projects
supplied to the export market. Four new export projects are currently under construction
in Western Australia, which will further reduce the share of domestic consumption in
total gas production.
In 2006, the Western Australian Government introduced the domestic gas reservation
policy, under which it requires LNG exporters to supply the equivalent of 15 per cent of
their exports to the domestic market. The Gorgon and Wheatstone export projects are
currently constructing domestic gas facilities in order to fulfil their domestic supply
obligations. Extensions underway at the existing North West Shelf Project have also
come under the reservation policy. The now deferred Browse project is also subject to a
domestic supply requirement. The Prelude and Icthys projects have avoided the policy
because their entire operations remain outside State borders.
The Western Australian Government may have introduced the domestic gas reservation
policy with the intention of improving supply security or maintaining lower domestic
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gas prices than otherwise. Given the large endowment of gas reserves close to Western
Australia, the physical availability of natural gas is unlikely to impede supply security.
Rather, the relevant issue is the price that domestic gas users must pay to gain access to
that supply.
Some proponents of the policy are concerned that a lack of competition in the supply
side of the Western Australian domestic gas market can lead to domestic prices that are
above LNG netback prices. While the reservation policy is unlikely to be a “first-best”
policy response to these circumstances, it can potentially offset any restrictions on
supply intended to exploit a lack of competition.
The Western Australian domestic gas market is currently facing low domestic demand
growth and over-capacity. Therefore, it is unlikely that producers with the option to
export their gas would choose to construct additional domestic production facilities in
the absence of the reservation policy. It is therefore likely that the domestic gas
reservation policy is binding for new LNG projects in Western Australia.
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Chapter Three:
The Elemental Economics of Gas Reservation
A number of studies have discussed the economic impacts of the domestic gas
reservation policy (for example, BREE 2014b and ERA, 2014). This chapter starts by
reviewing these studies which, in general, assess the policy in a qualitative manner and
conclude that it is likely to have a negative economic impact. All of these studies reinterpret the policy as having the same effects as a simultaneous tax on gas producers
and subsidy to domestic gas consumers.
However, the literature is yet to offer a systematic analysis of the policy’s
idiosyncrasies, particularly as it is applied in Western Australia. The policy is an
explicit restriction on the quantity of exports that places a floor on the ratio of domestic
supply to exports and so its economic interpretation is, in fact, more complex than the
combination of simple ad valorem export taxes and consumption subsidies. This chapter
develops a more complete economic analysis of the policy by formally investigating the
profit-maximising choice of total gas production and domestic supply. It therefore
provides an elemental framework for understanding the impact of the reservation policy
and clarifies the source of the associated deadweight loss. In particular, the analysis
shows that the implicit production tax is equal to the price discount received by
domestic consumers (relative to the export price) multiplied by the proportion of total
supply reserved for the domestic market.
This framework is then used to construct a back-of-the-envelope estimate of the size of
the loss caused by the Western Australian domestic gas reservation policy. While two
studies have estimated the size of the loss from a hypothetical reservation policy in the
eastern states, to date, there are no estimates of the potential economic cost of the policy
in Western Australia, despite the fact that the policy has been formally in place since
2006.

3.1 Economic impacts of the domestic gas reservation policy:
literature review
This section examines the economic impacts of domestic gas reservation policies, with
reference to a number of recent studies from both Western Australia and the eastern
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states. Most of these studies have opposed domestic gas reservation, claiming that the
costs incurred in the upstream gas sector outweigh any benefits to domestic gas
consumers. Two contrary studies, have supported gas reservation, focusing on the
benefits to gas-using industries. One study is by the National Institute of Economic and
Industry Research (2012) and the other is by the AEC Group (2012). However,
according to critics, these studies rely on some disputed assumptions. ACIL Allen
(2014) contains a good analysis of the flaws in these studies.
Most studies discuss the reservation policy in a qualitative manner and point out that it
is equivalent to an “implicit tax on gas producers that, rather than going to the
government, provides domestic gas users with a price subsidy” (BREE 2014b, p112).
Examples include studies by ACIL Allen (2014); the Bureau of Resources and Energy
Economics (BREE 2014a, 2014b); the Economic Regulatory Authority (ERA, 2014);
Wood et al. of the Grattan Institute (2013) and Simshauser and Nelson (2015a, 2015b).
These studies find that domestic gas reservation “is likely to see a reduction in
economic welfare if Australia foregoes export earnings (and tax revenues) in favour of
(presumably lower value) domestic production, and lower future exploration and gas
development activity” (BREE 2014a, p107). The ERA goes further and recommends
that the domestic gas reservation policy be rescinded as soon as possible (ERA 2014,
p383).
The qualitative argument that the reservation policy is likely to result in an economic
loss can be summarised as follows.
Firstly, the domestic gas reservation policy acts as an implicit tax on Australian gas
production because the additional supply to the domestic market results in a lower
domestic price than would prevail in the absence of the policy. This reduces the ability
to cover current production costs and provide a return on investments in new capacity.
It therefore diminishes incentives to invest in future gas production and exploration,
imposing economic losses in jurisdictions that use such policies.
Secondly, the policy also acts as an implicit subsidy for domestic consumers. The
artificially-low gas price reduces production costs in gas-using industries, enabling them
to expand production, hire additional labour and invest in additional capital. Proponents
of domestic gas reservation therefore argue that when gas is used in the domestic
economy, rather than being exported, additional value-added is generated. While this
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may be true on average, it is not true at the margin for the additional gas that the
reservation policy diverts to the domestic market. The value that this additional gas
contributes to the output of domestic industries is equal to the price that those domestic
industries are willing to pay for it (as embodied in the demand curve for domestic gas).
In the absence of the reservation policy, domestic gas would be supplied whenever
domestic users are willing to pay a price higher than or equal to the export netback price
– that is, when the marginal value of the gas is at least as high in the domestic economy
as on the export market. However, a reservation policy maintains the domestic price
below the export netback price. Thus, the value of additional gas supplied to the
domestic economy is lower than its value on the export market. In other words, the
reservation policy diverts gas to lower-value uses, and results in an opportunity cost for
the Australian economy.
Moreover, an expansion in domestic gas-using industries does not necessarily imply an
increase in overall employment or capital income for Australians in the long run. The
labour and capital diverted to gas-using industries could otherwise have been employed
in industries where no subsidy is necessary, that is, where those primary factors have a
higher value.
Few papers explicitly estimate the expected loss from gas reservation policies, and those
that are available focus on the eastern states. Deloitte Access Economics (DAE, 2013)
model the effect of introducing a reservation policy in the eastern states in an indirect
way, using a combination of a tax and subsidy regime to represent the policy. The study
finds that the economic costs outweigh any advantages for domestic gas users, and
Australians are worse off as a result. Specifically, “every one per cent of future gas
exports which is artificially re-directed towards the domestic market reduces GDP by an
estimated $150 million at 2025” (DAE 2013, piii).
The Productivity Commission develops a detailed project-by-project model of the
eastern gas market and also finds that the “cost to the community of diverting the gas
from the export market to the eastern Australian gas market would outweigh any gains
to domestic users, which are of themselves far from guaranteed” (PC 2015, p21). The
Commission evaluates the effect of a 25 per cent reservation policy in the eastern
Australian gas market and estimates that this could have a total welfare cost of between
$2.2b and $23.9b (in net present value) depending on LNG prices (PC 2015). While the
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report discusses the sources of this loss, it does not provide a formal analysis of the
effects of the policy.
Older studies by Clements, Ahammad and Ye (1996) and Ye (1999), estimate the
economic impact of increased mining and minerals processing activity in Western
Australia. Ye (1999) partly attributes the increase in activity to “institutional reform
[which] has promoted competition among the alternative suppliers of energy and caused
substantial reductions in gas prices” (Ye 1999, p280). Thus, similar to this thesis, the
author argues that a reduction in gas prices can lead to increased activity in gas-using
industries. However, the key difference is that in Ye (1999), the gas price falls due to
deregulation and removal of barriers to trade, whereas under the domestic gas
reservation policy, the domestic gas price is artificially depressed due to government
intervention. As such, while the welfare effects in Ye (1999) are positive, the welfare
effects of the reservation policy are negative, as explained above, and in the following
section.

3.2 Elemental model of the domestic gas reservation policy
This section presents a partial equilibrium model of the gas sector and applies a
domestic gas reservation policy to it, showing the effect on domestic supply and prices.
Most importantly, it also shows the net economic loss from the reservation policy – the
deadweight loss. This model focusses on the long-run impact of the policy, considering
the time frame over which gas producers are able to expand or contract their capacity.
Short-term dynamics can introduce additional considerations, and a more detailed shortrun model is developed in Chapter Four.
The undistorted market
The market for LNG is increasingly global, and LNG competes with pipeline gas in
many importing countries. Despite rapid growth in Western Australia’s LNG output, by
2020 the state will have only around 15 per cent of global LNG export capacity based
on forecasts by the IEA (2015). It is therefore considered that LNG output from
Western Australia is unlikely to have a significant influence on the international price.
Thus, this model assumes that export demand is perfectly elastic and that the export
price for gas, PW, is exogenous. The relevant export price is the LNG netback price –
the price paid for LNG by international consumers less the additional costs associated
with gas exports, namely the cost of liquefaction and shipping.
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In contrast to the export market, the price that domestic consumers are willing to pay,
PD, will be lower the greater the quantity that they consume, D, and so the domestic
demand curve is, conventionally, downward-sloping. The simplest form that the
(inverse) demand function can take is linear, so that:
𝑃𝐷 = 𝑏 − 𝑚𝐷

(3.1)

Here, b represents the ‘choke’ price at which domestic demand is zero, and can be
thought of as the price of a substitute for gas. The sensitivity of domestic demand to
price is measured by m, the smaller is this parameter (in absolute value) the more elastic
is demand.
The focus here is on the long run supply of gas – over a timeframe that is long enough
for producers to fully respond to any changes in the market by investing in new capital,
exploring for new reserves, or retiring existing capital. Figure 3.1 shows the estimated
long-run marginal cost of gas production in Western Australia, in AUD per GJ. These
costs include the fixed and variable costs of gas extraction and domestic processing,
including the user cost of capital. However, they exclude any liquefaction and shipping
costs. The cost of production is estimated separately for each existing and potential gas
production facility, and then ordered from lowest cost to highest cost.

AUD per GJ

Figure 3.1: Long-run marginal cost of gas production, Western Australia, 2015 terms
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These estimates are based on estimates of the long-run marginal cost of production for
Western Australian production facilities, drawing on Energy Quest and SKM estimates,
as reported in IMO (2013, p98). Costs for Pluto are the sum of operating expenditures
reported by Woodside (2015a) and an estimate of the cost of constructing a domestic
plant based on data for other projects in the Carnarvon Basin. The costs for the three
projects in the Browse basin (the Prelude, Ichthys and Browse projects) use an estimate
for production costs from BREE (2014b) plus an estimate of the capital cost of domestic
plants based on reported costs for Gorgon and Wheatstone. All costs are scaled to 2015
terms using the GDP price deflator. An estimate of the cost of gas consumed during
processing is added to these costs. This is around four per cent of total gas processed,
based on Core Energy Group (2013) which identifies a “3 to 5 per cent loss and use in
relation to field and processing facilities”. The total cost for each facility may be
underestimates because of well-documented cost escalation issues experienced in
recently-constructed Australian LNG projects.
The resulting long-run marginal cost curve, shown in Figure 3.1 is the industry’s supply
curve. To increase total supply, S, producers must move into gas fields that are
increasingly expensive to develop, and thus require a higher producer price, PP, in order
to do so.
The shape of the marginal cost curve in Figure 3.1 can be reasonably approximated
using a linear function, which also has the advantage of being straightforward to work
with. The supply curve is therefore:
𝑃𝑃 = 𝑐 + 𝑛𝑆

(3.2)

Here, c represents the long-run marginal cost of the least costly gas in the state. The
parameter n measures how rapidly marginal costs increase, on average, as output is
increased.
Since the supply curve measures the marginal cost of gas production, the total cost must
be the area under the supply curve between zero and the level of production, S. This
implies the following total cost function for the industry8:

8

Since this modelling considers the long run, all costs are malleable and there are no fixed costs. Thus,
the constant of integration is zero in Equation (3.3).
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𝑛
𝑇𝐶 = 𝑐𝑆 + 𝑆 2
2

(3.3)

With this specification, the representative producer’s profit-maximising decisions can
be deduced. The producer’s problem is to choose total supply, S, and the proportion of
this supply, α, to deliver to the domestic market in order to maximise profits. Explicitly
modelling the choice of α in this way allows the full effects of the reservation policy to
be captured. Formally, the producers profit maximisation problem is written as:
𝑛
max 𝜋 = 𝑃𝐷 𝛼𝑆 + 𝑃𝑊 (1 − 𝛼)𝑆 − 𝑐𝑆 − 𝑆 2
𝛼,𝑆
2

(3.4)

Solving the first order conditions gives the familiar result that the representative
producer will choose 𝛼 so that the domestic price equals the export netback price: PD =
PW. This, together with the first order conditions, gives expressions for the profitmaximising total supply and the domestic market share:
𝑆∗ =

1 𝑊
[𝑃 − 𝑐]
𝑛

(3.5)

𝛼∗ =

𝑛 (𝑏 − 𝑃𝑊 )
𝑚 (𝑃𝑊 − 𝑐)

(3.6)

Assembling these components of the market yields the familiar market equilibrium
outcome, for the case of an exporter in the model of a trade-exposed market. This
outcome is depicted in Figure 3.2.

27

Figure 3.2: The undistorted gas market
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In this chapter, it is assumed that the domestic market is competitive in the sense that
producers are price-takers. As discussed in Chapter One, this may not be a realistic
assumption. Therefore, in Chapter Four, non-competitive models of the domestic gas
market are considered.
Effects of a domestic gas reservation policy
A binding reservation policy sets a minimum proportion of production9 to be supplied
on the domestic market, 𝛼̅, where 𝛼̅ > 𝛼 ∗ . That is, for any total supply, S, the amount
sold on the domestic market, D, must be at least 𝛼̅𝑆. This implies a domestic supply
curve as follows.
𝑃𝐷 = 𝑐 +

𝑛
𝐷
𝛼̅

(3.7)

The domestic supply curve is shown as a dashed line in Figure 3.3.

In this model, α is the proportion of total production supplied to the domestic market, whereas the
reservation policy specifies the proportion of LNG exports to be supplied to the domestic market. A
reservation policy of 15 per cent of LNG production imposes that 𝛼̅ is 13 per cent of total production.
9
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Figure 3.3: Domestic supply curve under the reservation policy
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Under a binding reservation policy, the representative producer no longer has the
freedom to choose the proportion of gas it supplies to the domestic market. Instead, the
representative producer can only choose total supply to maximise their profits, as
follows.
𝑛
max 𝜋 = 𝑃𝐷 𝛼̅𝑆 + 𝑃𝑊 (1 − 𝛼̅)𝑆 − 𝑐𝑆 − 𝑆 2
𝑆
2

(3.8)

Solving this problem gives the profit-maximising rule for total supply under the
domestic gas reservation policy:
𝛼̅𝑃𝐷 + (1 − 𝛼̅)𝑃𝑊 = 𝑐 + 𝑛𝑆̅

(3.9)

That is, the representative producer chooses total supply so that the marginal cost of
production is equal to the weighted average of the world and domestic prices. Under a
binding reservation policy, the share 𝛼̅ of any additional production must always be sold
on the domestic market. This means that the weighted average price is actually the
marginal price that the producer receives for additional gas.
These conditions can be used to show that, for any 𝛼̅ > 𝛼 ∗ , the domestic price will be
lower than the international price (see Appendix I for more details). This can be
understood intuitively from Figure 3.4, which represents the market outcome in the
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̅ , and total
presence of the domestic gas reservation policy, showing domestic supply, 𝐷
supply, 𝑆̅.
Figure 3.4: Gas market under the reservation policy
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It is readily seen from Figure 3.4 that a domestic gas reservation policy reduces both
total production and exports, but increases domestic supply compared to the undistorted
equilibrium.
This model of the domestic gas reservation policy is consistent with its interpretation as
a tax on domestic production combined with a subsidy for domestic consumption. At
the same time, it adds a mechanism for calculating the levels of the tax and subsidy. The
production tax rate, t, is the percent difference between the world price and the producer
price (which is the weighted average of the domestic and export prices). The
consumption subsidy rate, s, is the percent difference between the world and domestic
consumer prices. Figure 3.5 shows the implicit tax and subsidy rates graphically.
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Figure 3.5: Gas market under the reservation policy
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Implicit tax and subsidy rates
Using this model, it can be shown that the tax and subsidy rates are have a proportional
relationship.
The implicit production tax rate, t, associated with the domestic gas reservation policy is
the percent difference between the world price and the producer price (which is the
weighted average of the domestic and international prices). That is:
𝑃𝑊 (1 − 𝑡) = 𝛼̅𝑃𝐷 + (1 − 𝛼̅)𝑃𝑊

(3.10)

The formula for the domestic price, derived in Appendix I in Equation (A.2), can then
be substituted in and used to find the implicit tax rate as a percent of the world price.

𝑡=

𝑚⁄
𝑐
𝑛
𝛼̅(𝛼̅ − 𝛼 ∗ ) (1 − 𝑊 )
𝑚
2
(1 + ⁄𝑛 𝛼̅ )
𝑃

(3.11)

So when the reservation policy is binding, or 𝛼̅ > 𝛼 ∗ , the implicit tax rate is positive.
On the other hand, the consumption subsidy rate, s, associated with the domestic gas
reservation policy is the percent difference between the world and domestic consumer
prices.
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𝑃𝑊 (1 − 𝑠) = 𝑃𝐷

(3.12)

Again, substituting in Equation (A.2) from Appendix I gives a formula for the implicit
subsidy rate as a percent of the world price.
𝑚⁄
𝑐
𝑛
∗)
(𝛼
𝑠=
̅
−
𝛼
(1
−
)
(1 + 𝑚⁄𝑛 𝛼̅ 2 )
𝑃𝑊

(3.13)

So when the reservation policy is binding, or 𝛼̅ > 𝛼 ∗ , the implicit subsidy rate is
positive. Comparing Equations (3.11) and (3.13) shows that:
𝑡 = 𝛼𝑠

(3.14)

Thus, whenever the reservation policy causes the domestic price to be discounted
compared to the export price, the effective tax rate imposed on producers is the
proportion 𝛼̅ of this discount. This acts as a tax on total production, because export and
domestic supply must always be produced in the same proportion. This is a general
result that relies only on the fact that domestic supply is proportional to total supply,
and is independent of the shape of the demand and supply functions. Whenever there is
a loss from the tax aspect of the policy, there will also be a loss from the subsidy part,
and vice versa.
The deadweight loss resulting from the domestic gas reservation policy is calculated as
the gain in consumer surplus less the loss in producer surplus:
𝑡
𝛼∗
𝐷𝑊𝐿 = 𝑃𝑊 𝑆 ∗ ( − 1)
2
𝛼

(3.15)

This is always negative whenever the reservation policy is binding, 𝛼̅ > 𝛼 ∗ , so a
binding reservation policy always produces an economic loss. The deadweight loss is
the shaded area in Figure 3.5. The triangle on the right-hand-side is the loss associated
with the reduction in total gas supply caused by the policy. The triangle on the lefthand-side is the loss associated with the opportunity cost from diverting gas from the
export to the domestic market. More details of the derivation of Equation (3.15) are
included in Appendix I.
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3.3 Numerical results
The model described in the preceding section can be calibrated to represent the Western
Australian natural gas market to estimate the size of the deadweight loss generated by
the domestic gas reservation policy. This estimate is constructed as follows.
Firstly, in 2016, the IMO (2015a) expects the domestic consumption of gas to be 393 PJ
and the marginal price, for new contracts, to be $5.68 in real (2015) terms. The IMO
also discusses diesel’s role as a substitute for gas in Western Australia, and presents
data showing that the price of diesel at the end of 2015 was $15.89 per GJ. If the price
of gas in Western Australia is higher than this level then it might reasonably be assumed
that, in the long run, gas users in the state would cease to use gas and substitute to other
fuels instead. With these two points, the linear demand curve from Equation (3.1) can
be characterised, as follows:
𝑃𝐷 = 15.89 − 0.03𝐷,

(3.16)

where the consumer price, 𝑃𝐷 , is measured in AUD per GJ, and Western Australian
demand, D, is measured in PJ per year. This demand equation implies that the elasticity
of demand at anticipated 2016 consumption levels is approximately -0.56.10
The calibrated supply curve was presented earlier in Figure 3.1, based on data on the
marginal cost of gas production and domestic processing. Fitting a linear approximation
of this marginal cost schedule gives the following supply curve for the state:
𝑃𝑃 = 3.77 + 0.001𝑆,

(3.17)

where the producer price, 𝑃𝑃 , is measured in AUD per GJ, and total supply, S, is
measured in PJ per year.
The export netback price is a key parameter in determining the economic cost of the
domestic gas reservation policy. The World Bank (2016) reports that in February 2016,
the Japanese LNG import price was USD8.50 per mmbtu, which is equivalent to

10

This is consistent with estimates of the elasticity of demand used in the Gas Market Report published
by the Department of Industry, Innovation and Science (DIIS 2015a). The elasticity of demand for gas in
Western Australia is discussed in more detail in section 4.3.3.
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AUD12.47 per GJ. Removing transport costs plus capital and operating costs of
liquefaction11 leaves an LNG netback price of AUD7.41 per GJ.
This LNG netback price, together with the supply and demand curves, imply long run
equilibrium production levels of 3,892 PJ per year in the absence of the domestic gas
reservation policy, which is a similar level to the total gas supply in the IMO’s most
optimistic forecasts for 2022 (IMO, 2015a). However, if the reservation policy imposes
that volumes equivalent to 15 per cent of LNG exports (or 13 per cent of total
production) should be supplied to the domestic market, then the equilibrium production
level is lower, at 3,446 PJ per year. In the long run, domestic supply volumes are greater
as a result of the policy, with a lower domestic price of $4.2 per GJ and an implicit
subsidy of 43 per cent. The ongoing deadweight loss from both the lower production
level and the opportunity cost of diverting gas from the export market is estimated to be
around $300 million each year, as shown in Figure 3.6.
Figure 3.6: Deadweight loss caused by the reservation policy (15 per cent of LNG)
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If the LNG netback price is higher than its current level, then the loss to the economy
from restricting export sales is larger, because the opportunity cost of diverting gas to
11

Transport costs are assumed to be AUD0.81 per GJ based on a cost of USD0.55 per mmbtu reported by
Platts (2015). Annualised capital costs are estimated based on capital expenditure reported for LNG
facilities at the North West Shelf, Pluto, Gorgon and Wheatstone plants. A plant life of 40 years and a
required rate of return of 10 per cent have been assumed. The average capital cost for LNG liquefaction
facilities is estimated to be AUD3.62 per GJ. The key operating cost is gas consumed during the
liquefaction process. Following IMO (2015a), this is assumed to be 8 per cent of LNG feedstock, costing
AUD0.6 per GJ of LNG produced.
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the domestic market is higher. For example, an LNG netback price of $9 per GJ raises
the estimated deadweight loss to $1.9 billion per year. On the other hand, if the netback
price falls to $6.4 per GJ or lower, then the profit-maximising proportion of supply to
the domestic market would be at least as large as the reservation policy requires. In this
case, the policy would not have any impact on domestic supply and the deadweight loss
would be zero. Of course, given the high long-run supply elasticity implied by
Figure 3.1, persistently low export prices would cause long run production levels to be
considerably lower than otherwise, at least beyond the life of the existing capital
embodied in the plants.
The present value of the loss generated by the 15 per cent reservation policy in Western
Australia is estimated to be $4.8 billion12 if long run netback prices remain at their
current level and $31.7 billion if long run netback prices rise to AUD9.0 per GJ. While
being slightly higher, these estimates are comparable to the range estimated by the
Productivity Commission (2015) of between $2.2 billion and $23.9 billion.
Importantly, although the reservation policy states that 15 per cent of LNG production
must be reserved for the domestic market, a number of projects have lower
requirements, or have been able to completely circumvent the policy, as discussed in
Chapter Two. This means that, together with supply from domestically-oriented
producers, around 11 per cent of total supply, or 13 per cent of LNG exports, has been
reserved for the domestic market. This smaller reservation requirement still causes a
deadweight loss, although it is smaller. As shown in Figure 3.6, the annual deadweight
loss is estimated to be $143 million at current export prices and $1.4 billion if the export
netback prices are $9 per GJ. This gives a range for the present value of the losses of
between $2.3 and $22.8 billion.
To put this loss in perspective, a net annual loss of $143 million is equivalent to 1.6 per
cent of 2015 value added in the Western Australian gas industry13, while a loss of
$1 billion is equivalent to 15.6 per cent. The direct loss to the gas sector will be larger
than this net loss, because the gain to consumers partially offsets the loss to producers.

12

Using a discount rate of 6%, following PC (2015).
According to the DMP (2016) the total value of gas sold by Western Australian gas producers was
$13.4 billion in 2015. Meanwhile the ABS Input-Output tables based on 2012/13 indicate that value
added is around 67 per cent of the total value of production. Thus, value added from gas production is
estimated to be $9.0 billion.
13
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Figure 3.6: Deadweight loss caused by the reservation policy (13 per cent of LNG)
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3.4 Further considerations and limitations
This section considers some further issues and, in doing so, points to areas for further
research, some of which are developed in later chapters.
Costs of imposing reservation at the project level
The application of the reservation policy to each project, rather than the industry as a
whole, implies additional costs for the gas sector. In the absence of the policy, only
developers who find it less costly to serve the domestic market compared to their
competitors would do so. Instead, if all developers are required to supply the domestic
market, the likely result will be a domestic supply chain with investment that is
inefficiently sized or in the wrong location. For example, if all export projects are
required to construct additional domestic gas facilities, this could be substantially more
costly than an alternative arrangement under which a smaller number of larger-capacity
domestic gas facilities are utilised.
One way to lessen these inefficiencies could be to allow exporting firms to contract with
third parties to supply their domestic gas obligation. The (now shelved14) Browse FLNG
project was permitted to supply its domestic gas obligation through contracts with third
14

On 23 March 2016, Woodside released an ASX announcement (Woodside, 2016) advising that the
“Browse Joint Venture participants have decided not to progress with the development at this time
considering the current economic and market environment”.
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parties, as long as this domestic supply “results in a genuine net addition to energy
supplied to the State” (Parliament of Western Australia, 2015, p3). However, this has
not been the case for the Gorgon or Wheatstone projects, which have both constructed
separate processing facilities.
Issues associated with imposing the reservation policy at the project level rather than the
industry level are addressed by the model developed in Chapter Four, which is
disaggregated by project and accounts for the imperfect competition and scale issues
implied.
‘Flexibility’ in reservation requirements
The 2011 Western Australian Parliamentary Inquiry into domestic gas prices noted that,
“The Reservation Policy allows for ‘case-by-case flexibility’, allowing potential
producers to negotiate with the state government as to the amounts to be reserved and
the manner in which they are to be supplied” (Parliament of Western Australia, 2011,
p79). However, based on the domestic supply requirements imposed to date, this
chapter argues that the reservation policy is binding, and therefore impacting on the
decisions of gas-producers. In this sense, the policy has not been flexible, and is
inflicting a cost on the Western Australian economy.
In addition, the possibility of 15 per cent domestic reservation will itself tend to
discourage investment in exploration for new gas resources, so it is unlikely that this
flexibility will substantially reduce the policy’s detrimental effects.
Finally, this ‘flexibility’ also creates uncertainty for gas producers about the quantity of
gas to be reserved and this uncertainty, in itself, would tend to discourage investment.
For example, the perceived uncertainty created by a “flexible” reservation policy
ranging from 11 to 15 per cent with a mean of 13 per cent could discourage investment
to a greater extent than a commitment to a 13 per cent rate for all projects.15
Domestic supply dynamics
This paper has focused on the long-run loss caused by a domestic gas reservation
policy. This is the most important policy consideration since it represents a permanent,

15

There is a growing literature on the negative impact of policy uncertainty on investment. For example,
see Pastor and Veronesi (2012), Gulen and Ion (2013) and Nelson et al. (2010 and 2012).
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ongoing loss in economic surplus. Nevertheless, some short-run dynamic considerations
may mute the effects of the policy.
Firstly, the reservation policy requires that a certain volume be reserved for the
domestic market and sold over the project’s life. The producer can determine the level
of supply in each year, but the policy still imposes an average level of domestic supply
over the long term. Therefore, at best, this flexibility could partly reduce the adverse
impact of the policy.
Secondly, a project may be willing to sell more to the lower price domestic market if its
LNG plant is operating at capacity. However, such additional domestic sales will still
come at the expense of foregone future export earnings since gas left in the reservoirs
today can be extracted in the future. Furthermore, firms can add export capacity over the
longer term to increase annual exports.
Finally, given the prevailing low international LNG prices, it may be tempting to assert
that the reservation policy has assisted LNG producers by requiring them to build
infrastructure to access the domestic market. Yet there is no reason to assume that gasproducing firms have a less awareness of the risks associated with fluctuating gas prices
than the State Government. Indeed, private firms may be best suited to making ex-ante
investment decisions that maximise industry-level dynamic efficiency.

3.5 Chapter summary
The findings in this chapter support the conclusion that domestic gas reservation
policies have negative overall economic impacts. Systematic analysis shows that the
deadweight loss caused by such policies can be divided into two parts. Firstly,
reservation policies impede overall gas production. The additional volumes supplied on
the domestic market force all producers to accept a lower price than otherwise. In the
long run, firms reduce output until the weighted average of the domestic and export
prices is equal to the marginal cost of production. Secondly, diverting gas from the
export market results in foregone income for the Australian economy. At the margin,
the value of gas to domestic users is lower than the value to the export market, so there
is an opportunity cost from this diversion.
Whenever the reservation policy reduces the domestic price below the export netback
price, the tax on gas production equals this discount multiplied by the proportion of
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supply reserved for domestic use (regardless of the shape of the supply and demand
functions). Thus, a reservation policy is worse than an equivalent production tax
because the reservation policy also generates losses from the embedded subsidy (and
vice versa). The size of the deadweight loss caused by WA’s domestic gas reservation
policy is estimated to be between $0.14 and $1.4 billion each year, depending on export
prices. The present value of these losses is between $2.3 and $22.8 billion.
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Chapter Four:
The Natural Gas Industry Model
This chapter develops a partial equilibrium model of the gas sector, which separately
represents the supply decisions from each gas project. This Natural Gas Industry (NGI)
model is designed to take into account many of the important features of the gas
industry, described in Chapter Two, while remaining as straightforward as possible. It is
applied to the Western Australian gas market and used to evaluate the short-run effect of
the domestic gas reservation policy in the following chapter. Importantly, the domestic
gas reservation policy is modelled directly as an explicit restriction on domestic and
export supply quantities, rather than indirectly as a tax and subsidy combination.
However, the analysis is consistent with this tax-subsidy interpretation, and the
proportional relationship between the implicit tax and subsidy is clarified.
First, this chapter discusses the key features of the NGI model and compares it to other
models used in the literature. Next, the model equations are derived, paying particular
attention to each project’s profit maximisation problem. The profit function is presented
first, and then the demand side of the gas market is characterised. This allows the
market power of each project to be discussed. Next, the representation of the domestic
gas reservation policy in the model is described. The profit maximisation problem is
then solved and some key analytical observations on the equilibrium outcomes are
discussed. The data and parameters are also outlined, and the calibration of the revenue
and cost curves are discussed. Finally, the software is briefly described.
This provides the background to Chapter Five, which uses the Natural Gas Industry
model to estimate the short-run impacts of the domestic supply requirements placed on
the Gorgon and Wheatstone LNG export projects.
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4.1 Key model features
The Natural Gas Industry (NGI) model is a detailed model of the supply of and demand
for natural gas in Western Australia. It separately identifies gas supply from each of the
heterogeneous gas project in the state, modelling each project’s profit-maximising
supply decisions. As discussed in section 4.2.2, the NGI model incorporates the key
engineering features of gas production technology, including capacity constraints and
extraction costs that increase with the volume produced. This approach draws on
modelling by Hartley and Medlock (2008), which focusses on the extraction decisions
of a national oil company.
The Productivity Commission (PC, 2015) and Department of Industry, Innovation and
Science (DIIS, 2015a), also develop project-by-project models of the gas industry.
These models differ from the NGI model, not least in that they represent the eastern gas
market, rather than the Western Australian market.
The model developed by the Productivity Commission (PC, 2015) has been used to
estimate the economic impacts of potential domestic gas reservation policies in the
eastern states, as discussed in section 3. However, the “spatial and temporal equilibrium
framework” used in this study relies on the assumption that suppliers are perfectly
competitive, which is not appropriate for the Western Australian domestic gas market,
as discussed in section 2.3.
The Department of Industry, Innovation and Science (DIIS) (2015a) presents a model of
the eastern Australian gas market. This model is used to consider issues relating to the
commencement of LNG exports from Queensland, and includes many of the
geographical details of the eastern Australian gas market. Like the NGI model, the DIIS
also includes a stylized representation of how extraction costs increase as reserves are
depleted.
The heterogeneous gas projects in the NGI model supply a homogeneous product and so
must therefore share the same export and domestic prices for new contracts16. As
discussed in section 4.2.4, each gas project is assumed to be a price-taker on the export
market. However, some projects are large compared to the overall size of the domestic
16

More specifically, marginal prices are assumed to be the same for each project. The marginal price in
the model may be considered as the price for new contracts or the spot price. Many gas projects will have
established long-term contracts with their customers, which may differ from the marginal price. These
long-term contracts can be viewed as infra-marginal gas supply. When the contract price differs from the
marginal price, this represents an income transfer between gas producers and consumers.
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market, so each project is assumed to recognise that it has oligopolistic pricing power in
this market. This oligopolistic behaviour is related to modelling by Tyers (2005, 2015)
which includes oligopolistic interactions in a market with homogeneous products and
fixed costs.
The DIIS model also incorporates the market power of gas suppliers, representing them
as a Cournot oligopoly where the level of market power at a particular ‘supply node’ is
determined exogenously. By contrast, market power in the NGI model is determined
endogenously, as the outcome of a profit maximization problem, as explained in section
4.2.3.
The NGI model also has some parallels with work by Ritz (2014), who develops a
partial equilibrium model of the international LNG market. That model focuses on
explaining how market power can contribute to regional price differentials. By contrast,
while exports are modelled here, the focus of this study is the effect of the reservation
policy on the domestic market.
The NGI model is a partial equilibrium model with an explicit focus on the gas industry.
This has allowed the development of a more detailed and realistic representation of the
WA gas industry. In contrast, the Deloitte Access Economics (DAE, 2013) study
discussed in section 3.1 uses a computable general equilibrium (CGE) model that
emphasises interactions between the gas industry, other industries and the macroeconomy. While the DAE study more captures the economy-wide effects of changes in
the gas industry, the study did not include the engineering and market power features of
the gas industry discussed above. In future research, the NGI model could be used
together with a CGE model of the Australian economy to exploit the relative strengths
of both of these modelling approaches.
Importantly, there are not likely to be net long-term benefits from the reservation policy
that could be captured in a general equilibrium model. As discussed in section 3.1, the
policy is unlikely to increase overall employment or capital income, but instead
artificially shift activity into gas-intensive sectors. Therefore, while a general
equilibrium analysis would extend the detail of the results to show the extent to which
gas-using industries expand and other industries contract, it is unlikely to change the
overall conclusion regarding the economic cost of the policy.
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However, one caveat for using a partial equilibrium analysis of the gas sector is the
potential influence of distortions in other sectors of the economy. For example, if there
were significant tax or other policy distortions in gas-using industries that are not
present in other industries, then it is possible that the domestic gas reservation policy
may partially offset or exacerbate these distortions. An appropriate general equilibrium
analysis could pick up any of these effects. It is important to note here that the offsetting
of any market failure or other distortion outside the gas sector is not a stated rationale
for the domestic gas reservation policy.
Gohin and Moschini (2006) assessed the difference between partial and general
equilibrium models when analysing distortions in agricultural sectors of developed
countries. In line with the above, they found that partial equilibrium models yielded
‘comparable implications’ to general equilibrium models, assuming that no other major
distortions exist in the rest of the economy. In addition, general equilibrium modelling
of a gas reservation policy in the eastern states by Deloitte Access Economics (2013)
reported results that are qualitatively similar to the partial equilibrium model developed
in this chapter

4.2 Model theory and equations
This section describes the theory of the Natural Gas Industry (NGI) model in detail, and
describes each of the equations.
4.2.1 Time horizon
The Western Australian gas market consists of a small number of separate gas projects,
with heterogeneous extraction, processing and transport costs. The analysis presented
here focusses on the short run, when capital investment costs are sunk and there is
insufficient time to add to gas reserves through exploration, so projects are capacityconstrained. This short-run time horizon represents the time frame over which projects
can enter into new contracts, but not adjust their capital investments.17 Data from the
Domgas Alliance (2013) suggests that recent contracts have shorter time frames than
historically, with many ranging between one and six years18. By comparison, an LNG

17

Over a longer time horizon, projects could make profit-maximising decisions to invest in the
construction of new production capacity and exploration for gas.
18
Of the eight contracts reported in this data since 2007, seven have a timeframe of six years or less.
However, the data provided by the Domgas Alliance may not be representative of the average contract
terms because the data does not cover the whole gas market. Alternative data sources are not available to
verify the Domgas Alliance information at this time.
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plant may take ten years or more from the initial design stages to construction and
commissioning.19 A reasonable short-run time horizon for the NGI model is therefore
one to six years.
4.2.2 The supply side
Production costs for gas projects have three different components: (1) the cost of
extracting the gas from the reservoir, here indexed by X, (2) LNG liquefaction and
shipping costs for exported gas, indexed by E, and (3) processing and pipeline transport
costs for gas supplied to the domestic market, indexed by D.
Gas Extraction
Annual extraction of gas from project i, qXi, depends on the proved reserves that are
available, the geological characteristics of the reservoir and the variable inputs used by
the firm. The production function for gas extraction by each project is based on that
developed in Hartley and Medlock (2008), and is as follows:
𝑞𝑋𝑖 = 𝑅𝑖 𝐺𝑖 (1 − 𝑒 −𝛾𝑋𝑖 ∙𝐿𝑋𝑖 )

(4.1)

Here, Ri represents the proved gas reserves currently available to the project. These are
the resources that have been identified and are economically viable to be extracted
given current technology and prices. Current proven reserves are equal to the stock of
reserves proved to date less cumulative extraction to date. While reserves are fixed in
the short run, over time they will depend on past exploration and production decisions,
as well as on the overall level of resources that are ultimately discoverable. This paper
focusses on short-run decisions and so Ri is held fixed.
Gi governs the geological characteristics of the reservoir and represents the production
to reserve ratio of a project, so that 0 < Gi < 1 for all projects. Production generally
becomes more difficult or expensive as cumulative extraction from a field increases. For
example, reservoirs that are easier to exploit are likely to be produced from first. Each
well also has declining production rates over time as its pressure falls. Therefore,

19

For example, the Gorgon project, to be the largest in Western Australia, has been in planning stages
since 2003, meaning that the planning, construction and commissioning will take a total of around 13
years. The much smaller Macedon domestic gas project was approved by BHP in 2010, and was
commissioned in 2013. Allowing for planning time implies development of this project may have taken
around four or five years
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although Gi is fixed in the short run, it declines over time as cumulative extraction
increases.
Together, Ri.Gi represents the short-run capacity of the project, which depends on past
investment decisions. Given this capacity, each project chooses the amount of variable
inputs used in extraction, LXi. Variable inputs include labour, capital and other inputs,
such as injected fluids to keep pressure up as oil and gas are extracted. The term in
brackets in Equation (4.1) is increasing in LXi and bounded by zero and one, so that
extraction can never exceed capacity.
Short-run extraction costs depend on the cost of the variable input, wXi, which is
exogenous to the project. The marginal cost of extraction increases with extraction
volumes and the use of variable inputs, as shown in Figure 4.1 below. The functional
form in Equation (4.1) implies that the marginal cost increases at a faster rate the closer
output is to capacity. The slope of the marginal cost function is relatively flat over most
feasible extraction levels. That is, in common with actual gas projects, the production
function is close to constant returns to scale until production levels are close to capacity.

Marginal Cost

Figure 4.1: Marginal cost of extraction
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Ri Gi

Domestic processing costs and LNG processing costs
Once the gas is extracted, it must then be processed and transported for sale on either
the domestic or export market. Gas processing is assumed to have a constant marginal
cost, consistent with advice from industry. The following equations govern gas
processing volumes.
𝑞𝐷𝑖 = 𝐷𝑖 𝐿𝐷𝑖 , where 0 ≤ 𝐿𝐷𝑖 ≤ 1

(4.2)

𝑞𝐸𝑖 = 𝐸𝑖 𝐿𝐸𝑖 , where 0 ≤ 𝐿𝐸𝑖 ≤ 1

(4.3)

𝑞𝑋𝑖 = 𝑞𝐷𝑖 + 𝑞𝐸𝑖

(4.4)

Each processing plant has its own processing capacity, Di and Ei for domestic and
export processing plants respectively. Variable inputs 𝐿𝐷𝑖 and 𝐿𝐸𝑖 can be increased to
raise output in any one period, but only until capacity is reached, meaning that gas
processing displays constant returns to scale technology. Equation (4.4) provides an
additional constraint so that the total quantity processed for domestic consumption and
exports is always equal to the quantity extracted. Processing gas for sale also involves
additional variable and fixed costs, as discussed below.
The gas used or lost during processing and transport represents an opportunity cost. For
example, gas is used to generate electricity to power the processing plant, or LNG
shipping vessel, and to operate compressors during pipeline transport. Since gas
liquefaction is an energy intensive process, a greater proportion of the gas is consumed
for LNG processing than for domestic processing and transport. If the gas is to be sold
domestically, a proportion, 𝛿𝐷𝑖 , of the annual domestic gas production volumes is
foregone. Likewise, if the gas is to be liquefied and exported a proportion, 𝛿𝐸𝑖 , of annual
the LNG production volumes is foregone.
Before entering the market, firms must incur non-recurrent fixed costs associated with
the construction of either an LNG facility or a domestic processing plant (or both). LNG
liquefaction facilities are significantly more expensive than domestic processing
facilities. Once these costs are sunk, projects still face recurrent fixed costs associated
with maintaining the plant, even if no production occurs. Recurrent fixed costs are
included in this short-run version of the model, represented by 𝐹𝐶𝐷𝑖 for domestic
processing plants and 𝐹𝐶𝐸𝑖 for LNG facilities.
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The profit function
Given its previous investments in production capacity, in the short run each project i
will choose its level of gas extraction 𝑞𝑋𝑖 , domestic supply 𝑞𝐷𝑖 and exports 𝑞𝐸𝑖 to
maximise its profits. Based on the discussion above, profits in the current period are as
follows.
Π𝑖 = 𝑝𝐷 (1 − 𝛿𝐷𝑖 )𝑞𝐷𝑖 − 𝑤𝐷𝑖 𝐿𝐷𝑖 − 𝐹𝐶𝐷𝑖

(4.5)

+ 𝑝𝐸 (1 − 𝛿𝐸𝑖 )𝑞𝐸𝑖 − 𝑤𝐸𝑖 𝐿𝐸𝑖 − 𝐹𝐶𝐸𝑖
− 𝑤𝑋𝑖 𝐿𝑋𝑖
where:
𝑞𝑋𝑖 = 𝑅𝑖 𝐺𝑖 (1 − 𝑒 −𝛾𝑋𝑖 ∙𝐿𝑋𝑖 ), 𝑞𝐷𝑖 = 𝐷𝑖 𝐿𝐷𝑖 , 𝑞𝐸𝑖 = 𝐸𝑖 𝐿𝐸𝑖
𝑞𝑋𝑖 = 𝑞𝐷𝑖 + 𝑞𝐸𝑖
𝐿𝑋𝑖 ≥ 0, 0 ≤ 𝐿𝐷𝑖 ≤ 1 and 0 ≤ 𝐿𝐸𝑖 ≤ 1

The first row of the profit function represents the revenue and costs for supply to the
domestic market. The second row shows the same calculation for the export market.
The third row is the extraction costs which are independent of the market to which the
gas is sold. It is important to note that most projects have either a domestic or export
facility (rather than both).
Each project is a price taker for their variable inputs and pays 𝑤𝐷𝑖 , 𝑤𝐸𝑖 and 𝑤𝑋𝑖 per unit
of variable input for domestic processing, export processing and extraction,
respectively. Fixed costs in this short-run profit function include only the recurrent fixed
costs of plant maintenance that must be incurred even if production is zero. Thus,
domestic processing maintenance costs, 𝐹𝐶𝐷𝑖 need only be incurred if a domestic
processing facility has been constructed. Likewise, export processing maintenance
costs, 𝐹𝐶𝐸𝑖 need only be incurred if an LNG facility has been constructed.
4.2.3 The demand side
Domestic demand for gas is modelled using an aggregate demand curve with a constant
own-price elasticity of demand, as follows.
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𝐶 = 𝐶0 (

𝑝𝐷 −𝜀
)
𝑝𝐷0

(4.6)

Where C is domestic gas consumption, C0 is the level of domestic gas use when the
domestic price, 𝑝𝐷 , is equal to its ‘initial’ level, 𝑝𝐷0, and 𝜀 is the own-price elasticity of
demand. The short-run time frame is long enough for the market to clear each period, so
that domestic demand is equal to the total supply of domestic gas (net of processing
losses). That is,

𝐶 = ∑(1 − 𝛿𝐷𝑖 )𝑞𝐷𝑖

(4.7)

𝑖

4.2.4 Market power
As discussed in section 2.2, the Western Australian gas market includes a small number
of very large projects, and the joint venture partners on each project are permitted to
market their gas jointly on the domestic market. Thus, the supply decisions of each
project can have a material impact on the domestic gas price. In this model therefore,
each project is assumed to recognise this market power. The market is modelled as a
Cournot oligopoly since natural gas is a homogeneous product, which precludes
strategic interactions based on price. A Cournot-Nash equilibrium is found where each
project takes the quantity supplied by all other projects as given, and chooses its own
output to maximise its profits. This is a non-collusive oligopoly, where each project acts
in a profit maximising way, but the possibility of collusion between projects is
precluded.
This is implemented by allowing each project to recognise that the domestic price is
endogenous and depends on its own supply decisions. Substituting the market clearing
condition from Equation (4.7) into the inverse demand curve from Equation (4.6), each
firm observes the following relationship between its output and the price it faces:
(1 − 𝛿𝐷𝑖 )𝑞𝐷𝑖 ∑𝑗≠𝑖(1 − 𝛿𝐷𝑗 )𝑞𝐷𝑗
𝑝𝐷 = 𝑝𝐷0 [
+
]
𝐶0
𝐶0

−

1
𝜀

(4.8)

In contrast to the domestic market, gas producers have very little pricing power on the
export market. In Western Australia, each LNG facility is utilised by a number of joint
venture partners, each of which market their gas separately. This means that each LNG
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supplier is small relative to the regional Asian market and its pricing power is therefore
limited. In addition, LNG customers are involved as joint venture partners in many
cases, which further erodes any market power on the export market. LNG suppliers are
therefore modelled as price takers on the export market.
4.2.5 Policy and profit maximising behaviour
The domestic gas reservation policy requires exporters to supply the domestic market
with the equivalent of 15 per cent of their LNG export volumes after processing losses.
From this, the minimum allowable domestic supply as a proportion of total exports, 𝛼𝑖 ,
can be inferred.
𝑞𝐷𝑖 ≥ 𝛼𝑖 𝑞𝐸𝑖
(4.9)

(1 − 𝛿𝐸𝑖 )
𝛼𝑖 = 0.15
(1 − 𝛿𝐷𝑖 )
For some export projects, typically those under older State Agreements, a specific

volume is negotiated for supply to the domestic market. Thus, the domestic supply from
these projects is more appropriately represented as being at least as large as some
project-specific regulated minimum level, Bi.
Profit maximisation problem
Based on the preceding discussion, this section presents the analytical results that are
derived from solving the profit maximisation problem. For each project this is to choose
the quantities 𝑞𝑋𝑖 , 𝑞𝐷𝑖 , 𝑞𝐸𝑖 and variable inputs 𝐿𝑋𝑖 , 𝐿𝐷𝑖 , 𝐿𝐸𝑖 to maximise the value of
the following Lagrangean.
−1⁄𝜀

(1 − 𝛿𝐷𝑖 )𝑞𝐷𝑖 𝑄𝑗
ℒ𝑖 = 𝑝𝐷0 (
+ )
𝐶0
𝐶0

(1 − 𝛿𝐷𝑖 )𝑞𝐷𝑖 − 𝑤𝐷𝑖 𝐿𝐷𝑖 − 𝐹𝐶𝐷𝑖

+ 𝑝𝐸 (1 − 𝛿𝐸𝑖 )𝑞𝐸𝑖 − 𝑤𝐸𝑖 𝐿𝐸𝑖 − 𝐹𝐶𝐸𝑖 − 𝑤𝑋𝑖 𝐿𝑋𝑖
+ 𝜆1𝑖 [𝑞𝐷𝑖 + 𝑞𝐸𝑖 − 𝑞𝑋𝑖 ] + 𝜆𝑋𝑖 [𝑅𝑖 𝐺𝑖 (1 − 𝑒 −𝛾𝑋𝑖 ∙𝐿𝑋𝑖 ) − 𝑞𝑋𝑖 ]
+ 𝜆𝐷𝑖 [𝐷𝑖 𝐿𝐷𝑖 − 𝑞𝐷𝑖 ] + 𝜆𝐸𝑖 [𝐸𝑖 𝐿𝐸𝑖 − 𝑞𝐸𝑖 ]
+ 𝜃𝐴𝑖 [𝑞𝐷𝑖 − 𝛼𝑖 𝑞𝐸𝑖 ] + 𝜃𝐵𝑖 [𝑞𝐷𝑖 − 𝐵𝑖 ] + 𝜆2𝑖 [1 − 𝐿𝐷𝑖 ] + 𝜆3𝑖 [1 − 𝐿𝐸𝑖 ]
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(4.10)

where 𝑄𝑗 is domestic gas supply from all other projects and 𝑄𝑗 = ∑𝑗≠𝑖(1 − 𝛿𝐷𝑗 )𝑞𝐷𝑗 .
The profit maximisation problem is further constrained by the non-negativity
conditions, 𝐿𝑋𝑖 , 𝐿𝐷𝑖 , 𝐿𝐸𝑖 ≥ 0.
Marginal revenue and marginal cost
Solving this problem provides expressions for marginal revenue and marginal cost at the
firm level. It is convenient to discuss these here before turning to the first order
conditions to be derived from Equation (4.10).
The marginal revenue for exports, MREi, is simply the exogenous export price scaled
down by processing losses.
𝑀𝑅𝐸𝑖 = 𝑝𝐸 (1 − 𝛿𝐸𝑖 )

(4.11)

The marginal revenue from domestic supply, MRDi, is as follows.
−1⁄𝜀

𝑀𝑅𝐷𝑖

(1 − 𝛿𝐷𝑖 )𝑞𝐷𝑖 𝑄𝑗
= 𝑝𝐷0 (
+ )
𝐶0
𝐶0

(1 − 𝛿𝐷𝑖 )
−1

(4.12)

1 (1 − 𝛿𝐷𝑖 )𝑞𝐷𝑖 (1 − 𝛿𝐷𝑖 )𝑞𝐷𝑖 𝑄𝑗
∙ [1 − (
)(
+ ) ]
𝜀
𝐶0
𝐶0
𝐶0
Recognising that both 𝑝𝐷 and C are endogenous functions of the project’s decisions on
𝑞𝐷𝑖 this can be simplified to:
1 (1 − 𝛿𝐷𝑖 )𝑞𝐷𝑖
𝑀𝑅𝐷𝑖 = 𝑝𝐷 (∙)(1 − 𝛿𝐷𝑖 ) [1 − (
)]
𝜀
𝐶(∙)

(4.13)

When considering its marginal domestic revenue, via the term in square parentheses
each project takes into account the loss in revenue when an increase in its domestic
supply reduces the price of all domestic gas sold. Equation (4.13) shows marginal
revenue is smaller the larger a projects’ domestic market share and the smaller the
elasticity of demand (in absolute value).
The marginal cost of extraction, domestic processing and export processing are as
follows.
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𝑀𝐶𝑋𝑖 =

𝑤𝑋𝑖
𝑅𝑖 𝐺𝑖 𝛾𝑋𝑖 𝑒 −𝛾𝑋𝑖 𝐿𝑋𝑖

(4.14)

𝑀𝐶𝐷𝑖 =

𝑤𝐷𝑖
𝐷𝑖

(4.15)

𝑀𝐶𝐸𝑖 =

𝑤𝐸𝑖
𝐸𝑖

(4.16)

Profit maximising decisions
Based on the first order conditions, profit maximising supply decisions on the domestic
market can be summarised as follows, for projects not subject to the domestic gas
reservation policy:
If 𝑀𝑅𝐷𝑖 < 𝑀𝐶𝑋𝑖 + 𝑀𝐶𝐷𝑖 then 𝐿𝐷𝑖 = 0 (no domestic supply)
If 𝑀𝑅𝐷𝑖 = 𝑀𝐶𝑋𝑖 + 𝑀𝐶𝐷𝑖 then 0 ≤ 𝐿𝐸𝑖 ≤ 1

(4.17)

If 𝑀𝑅𝐷𝑖 > 𝑀𝐶𝑋𝑖 + 𝑀𝐶𝐷𝑖 then 𝐿𝐷𝑖 = 1 (domestic supply at capacity)
This is the familiar condition that firms maximise profits when marginal revenue is
equal to marginal cost. In this context, marginal costs include both the marginal cost of
gas extraction and the marginal cost of gas processing.
Marginal revenue from domestic supply is lower than the market equilibrium price
because projects have market power. Thus, particularly for larger projects, the market
price will be greater than marginal cost, and domestically-oriented projects are expected
to make pure profits in the short run.
For projects that only have domestic supply capacity, this profit-maximising decision
can be summarised in Figure 4.2 below. Projects choose to supply the domestic market
at the intersection of the marginal revenue and marginal costs curves. Due to market
power, marginal revenue is a decreasing function of a project’s output. Smaller projects,
with less market power, have flatter marginal revenue curves and smaller pure profits
than larger projects.
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Figure 4.2: Marginal revenue and marginal cost curves for an example project with
domestic capacity only
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The analogous conditions for export supply are:
If 𝑀𝑅𝐸𝑖 < 𝑀𝐶𝑋𝑖 + 𝑀𝐶𝐸𝑖 then 𝐿𝐸𝑖 = 0 (no exports)
If 𝑀𝑅𝐸𝑖 = 𝑀𝐶𝑋𝑖 + 𝑀𝐶𝐸𝑖 then 0 ≤ 𝐿𝐸𝑖 ≤ 1
If 𝑀𝑅𝐸𝑖 > 𝑀𝐶𝑋𝑖 + 𝑀𝐶𝐸𝑖 then 𝐿𝐸𝑖 = 1 (exports at capacity)
Exporting projects also maximise profits where marginal revenue equals marginal
extraction and processing costs. Since projects are price takers on the export market,
marginal revenue is constant over all levels of output, as shown in Figure 4.3.
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(4.18)

Marginal revenue & cost AUD per GJ

Figure 4.3: Marginal revenue and marginal cost curves for an example project with
export capacity only
MCei + MCxi
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For projects with both export and domestic supply capacity, both of the above first order
conditions must hold simultaneously. That is, marginal revenues must equal marginal
costs on the export and domestic markets. For such projects, the two conditions are
related because they share the same marginal cost of extraction.
Implementing the reservation policy
For a project subject to the domestic gas reservation policy, domestic supply must be
greater than a certain proportion, 𝛼𝑖 , of exports. If this constraint is binding, the
Lagrange multiplier 𝜃𝐴𝑖 will be positive. Thus the first order conditions for a project
with interior solutions on both the export and domestic market become:
𝑀𝑅𝐷𝑖 + 𝜃𝐴𝑖 = 𝑀𝐶𝑋𝑖 + 𝑀𝐶𝐷𝑖
(4.19)
𝑀𝑅𝐸𝑖 − 𝛼𝑖 𝜃𝐴𝑖 = 𝑀𝐶𝑋𝑖 + 𝑀𝐶𝐸𝑖
The reservation policy forces marginal domestic revenue, 𝑀𝑅𝐷𝑖 , below marginal cost,
𝑀𝐶𝑋𝑖 + 𝑀𝐶𝐷𝑖 . Thus, the positive 𝜃𝐴𝑖 measures the effective subsidy to domestic
consumers from the reservation policy and the marginal loss to the project from
supplying the domestic market. Depending on the magnitude of 𝜃𝐴𝑖 , this could partially,
fully or more than offset the effect of market power by lowering the market price.
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To supply the export market, firms under the reservation policy incur a penalty because
they must also supply the domestic market. This implicit tax on exports, 𝛼𝑖 𝜃𝐴𝑖 , is
directly proportional to the implicit subsidy on domestic consumption, and this
proportion is equal to the corresponding proportion of gas reserved for the domestic
market. Profit maximising firms respond to the policy by reducing their exports so that
𝑀𝑅𝐸𝑖 is higher than 𝑀𝐶𝑋𝑖 + 𝑀𝐶𝐸𝑖 .
Older projects that are under a State Agreement, rather than the reservation policy, are
required to supply the domestic market more than a specific minimum volume. If this
constraint is binding, 𝜃𝐵𝑖 will be positive (and 𝜃𝐴𝑖 will be zero). This only affects
domestic supply, where marginal revenue is again less than marginal cost and
consumers receive a subsidy of 𝜃𝐵𝑖 at the expense of suppliers. Projects still maximise
profits on the export market by setting marginal revenue equal to marginal cost because
there is no direct relationship between export and domestic supply. The first order
conditions are:
𝑀𝑅𝐷𝑖 + 𝜃𝐵𝑖 = 𝑀𝐶𝑋𝑖 + 𝑀𝐶𝐷𝑖
(4.20)
𝑀𝑅𝐸𝑖 = 𝑀𝐶𝑋𝑖 + 𝑀𝐶𝐸𝑖
Recurrent fixed costs
In addition to these marginal revenue conditions, the influence of fixed costs on profit
must also be considered. Fixed costs associated with the construction of the plant are
sunk and so they are not relevant for short-run production decisions. On the other hand,
recurrent fixed costs associated with the ongoing maintenance of the plant are not sunk.
Although these costs are independent of the volume produced, they need not be incurred
if the project chooses to shut down completely. However, shutting down would involve
the cost of foregone future income, because additional expenditures may be required to
start the plant up once production becomes viable again. In this short-run static version
of the model, it is assumed that all firms are willing to incur recurrent fixed costs, even
when production is zero, because the potential future loss from not maintaining their
facilities is sufficiently large.
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4.3 Data and parameters
The model described above has been calibrated to a database representing the Western
Australian gas sector in 2014. This section expands on the information offered in
Chapter Two, detailing the construction of the database and the determination of the
model parameters.
4.3.1 Key data
In 2014, eight projects were operating in the Western Australian gas sector. The 2014
supply volumes from each project (net of processing losses) were shown in Figure 2.3.
Six of these projects supplied exclusively to the domestic market, one to the export
market and one to both. Total domestic consumption in 2014 was 359 PJ, after
accounting for gas used during processing and pipeline transport, while total LNG
exports were 1,156 PJ after processing and liquefaction use.
Data on natural gas reserves for each project have been collected from Energy Quest
(2014) and annual reports from companies operating each facility, including Woodside
(2015), Chevron (2015), BHP Billiton (2014), Origin (2014), Santos (2014, 2015),
Empire Oil and Gas (2014) and AWE (2014). For this short-term modelling, only
Proved plus Probable (2P) Developed Reserves20 have been used, as these reserves
represent the (probability adjusted) volume that could be produced without additional
capital investment. These estimated reserves are shown in Figure 4.4.

20

Reserves are those quantities of petroleum which are producible at commercial rates from known
accumulations with current technology. Proved reserves are those which are recoverable with a high
degree of certainty (90% confidence) and Probable reserves are recoverable with a medium degree of
certainty (50% confidence). Developed reserves are reserves that are producible from facilities that are
currently installed. Woodside (2014).
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Figure 4.4: Western Australian 2P Developed Gas Reserves, 2014 PJ
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Source: Author’s calculations based on Energy Quest (2014) and Annual Reports.

The average domestic price in 2014 is estimated to have been AUD4.9 per GJ, based on
volume and value data published by the Department of Mines and Petroleum (DMP
2016). However, the relevant domestic price for this model is the marginal price of gas,
or the price of new contracts. As discussed in section 2.3, this has been estimated at
around $8 per GJ (ACIL Tasman, 2013) for the period in question. This price is
significantly lower than the estimated 2014 export price of AUD13.5,21 even taking into
account that LNG production costs are higher than domestic production costs. Recent
falls in international oil prices will mean that current prices are lower than 2014 levels.
4.3.2 Gas used during processing and transport
Detailed data is not available on the proportion of gas used during processing for
projects in Western Australia. However, a study by Core Energy Group (2013) gives
broad estimates of processing use and loss for gas produced in the eastern states. They
identify a “3 to 5 per cent loss and use in relation to field and processing facilities” a “1
to 2 per cent loss and use in relation to the transmission network” and an “8 to 10 per
cent loss in relation to the liquefaction process” (Core Energy Group, 2013, p6).
Similarly, the IMO assumes 8 per cent of feedstock is used for LNG processing
requirements (IMO, 2014, p159).
21

This price appears to exclude shipping costs. World Bank (2016) data indicates that the average import
price paid in Japan in 2014 was around AUD$15.30, and the difference between the DMP and World
Bank data may be partly attributed to shipping costs.
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Here the mid-point of the estimates indicated in Core Energy Group is used, yielding
the assumption that domestic projects lose or consume 4 per cent of gas during
extraction and processing. Gas suppliers located in the Carnarvon basin are assumed to
use an additional 2 per cent during transport, while transport use from other projects is
in proportion to the distance that the gas must travel along the Dampier to Bunbury
Natural Gas Pipeline to reach Perth. As a result, Dongara and Beharra Springs are
assumed to use an additional 0.9 per cent and Red Gully 0.3 per cent. For LNG
facilities, it is assumed that 13 per cent is used during extraction and processing, which
is the midpoint of field and processing use plus liquefaction use.
4.3.3 Price elasticity of demand for natural gas
Domestic gas demand is generally thought to be relatively price inelastic. While
demand may very unresponsive to price in the short run, over the longer term the
elasticity of demand is likely to be higher, since users have greater opportunity to adjust
their production capacity or to substitute away from gas and towards other fuels. As
discussed in section 4.2, the time frame considered here is the ‘short run’ from the
perspective of gas producers – when investment costs in gas production capacity are
sunk and there is insufficient time to add to gas reserves through exploration – or
around one to six years. However, gas consumers are likely to respond to changes in the
market more quickly than gas producers. Thus, it is appropriate to use a long-run
elasticity of demand for gas consumers in WA.
The elasticity of demand for gas depends on the type of gas user. Figure 4.5 (which
replicates Figure 2.4) shows that in Western Australia, gas use is concentrated in the
electricity, industrial and mining sectors. This information, together with the elasticity
of demand for each type of gas user, can be used to arrive at an estimate of the overall
elasticity for Western Australia.
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Figure 2.4: WA gas consumption
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Source: Author’s calculations based on IMO 2015, DMP 2016 and BREE 2014.

Industrial users, which here include the categories listed in Figure 2.4 above from
alumina to other large users, account for 60 per cent of natural gas consumption in
Western Australia. The short-run price elasticity of gas demand for Australian
manufacturing has been recently estimated at -0.21 by Hill and Cao (2014). On the other
hand, the Productivity Commission (2015) use elasticities from AEMO’s National Gas
Forecasting Report (AEMO 2014) that average -0.53, and range between -0.41
and -0.65 depending on the location. Modelling by the Department of Industry,
Innovation and Science (DIIS) (2015a) uses an elasticity of -0.5. Here, industrial users
are similarly assumed to have a price elasticity of demand of -0.5.
The electricity sector makes up 26 per cent of total Western Australian gas demand. The
elasticity of demand in this sector is likely to be higher than other users, although there
are no studies available that explicitly estimate its value for Western Australia. Data
published by the IMO (2014a) shows that while gas-fired plants represent 54 per cent of
generation capacity, only 34 per cent of electricity actually generated was gas-fired22.
This indicates that there is potentially significant opportunity to substitute gas-fired
electricity for coal-fired electricity, should the domestic gas price fall sufficiently. The
demand for gas by the electricity sector will also respond if a higher gas price increases
22

This data relates to the South West Interconnected System (SWIS) only.
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the cost of electricity and thereby reduces electricity demand in the state. DIIS (2015a)
judges that an elasticity of demand for gas of between -0.9 and -1.1 is reasonable for the
electricity generation sector. Here, the elasticity is therefore assumed to be -1.0.
Residential users make up only 2 per cent of total gas demand in Western Australia,
while the remaining ‘small’ users make up around 12 per cent of demand. An Australian
study by Harman and Anderson (1999) estimates that residential gas users have a shortrun elasticity of -0.54. The Productivity Commission (2015) uses smaller estimates for
the ‘mass market’ that average -0.35 and range between -0.18 and -0.61. DIIS (2015a)
use a smaller estimate again of -0.1. The modelling undertaken here therefore uses a
middling elasticity of -0.3 for residential and other small users.
The overall average elasticity of demand is therefore -0.6. This relatively inelastic
demand implies that if the domestic gas reservation policy requires gas producers to sell
additional quantities on the domestic market, producers may need to significantly
reduce their prices in order to do so.
The elasticity of demand used here is somewhat higher than elasticities used in some
other studies of gas demand, including Core Energy Group (2014) and ACIL Allen
(2014, p42), which have used an overall elasticity of -0.3. The higher elasticity of
demand compared to these studies would lead to more conservative estimates of the
price effects of the reservation policy, since a given increase in quantity supplied will
lead to a smaller price reduction.

4.4 Calibrating revenue and cost curves for each project
The modelling in this chapter takes into account the fact that each of the gas projects in
Western Australia has different extraction costs and capacities. The functional form of
the marginal revenue and marginal cost curves are derived from the profit maximisation
problem described earlier. To operationalise the model, parameters in these curves must
be identified such that the model reproduces the 2014 data. This section first describes
the calibration of these curves in general terms, before describing the calibration for
each project in more detail.
Data is available for each variable in the export and domestic marginal revenue curves
(Equations (4.11) and (4.12)) as was described in section 4.3. This enables the marginal
revenue for 2014 to be directly estimated for each project.
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All domestic gas processing facilities were operating at less than full capacity in 2014,
which implies that the first order conditions (Equations (4.17) and (4.18)) hold with
equality. Thus, given marginal revenue, these conditions can be used to determine the
total marginal costs for extraction plus processing. On the other hand, the export
projects were operating at capacity, so the first order conditions hold with a strict
inequality, and marginal cost must be less than marginal revenue.
Next, the constant marginal cost of domestic and export processing is determined. The
Productivity Commission (2015) estimates that the variable costs of onshore domestic
processing (including gas used during processing) is $0.58 per GJ. Removing the cost of
gas used, marginal domestic processing costs, 𝑀𝐶𝐷𝑖 , are estimated to be a very small
$0.10 per GJ. Variable processing costs for LNG export projects, 𝑀𝐶𝐸𝑖 , are estimated to
be $0.27 per GJ, by scaling the cost for domestic plants by the ratio of capital
expenditure per GJ for LNG plants to capital expenditure per GJ for domestic plants.
Given the marginal cost for processing, the values of 𝐿𝐷𝑖 , 𝐿𝐸𝑖 , 𝑤𝐷𝑖 and 𝑤𝐸𝑖 can then be
calculated directly using the data available and Equations (4.2), (4.3), (4.15) and (4.16).
For domestic projects operating at less than capacity, the 2014 marginal cost of
extraction can then be derived as the difference between marginal revenue and the
marginal cost of processing. For projects operating at capacity, it is assumed that the
marginal cost of extraction is 2.5 times average cost for export projects. As shown
below, this yields relatively flat marginal cost curves over the production capacities of
each project, consistent with industry advice.
With this information, the unknown parameters in the marginal cost of extraction
function 𝐿𝑋𝑖 , 𝑤𝑋𝑖 and 𝐺𝑖 can be solved (after assuming that 𝛾𝑋𝑖 is equal to unity). This
has been done simultaneously, using the production function from Equation (4.1), the
marginal cost function from Equation (4.14) and an additional constraint that the
average variable cost of extraction must be equal to its estimated value. The average
variable cost of extraction for each project is found by compiling information from a
number of sources. These include total costs of domestic gas supply from Energy Quest
and SKM, reported in IMO (2013), various reports of capital expenditure for each
project, Woodside reports of operating expenditure for the NWS and Pluto projects
(Woodside 2015a), data collected by the Productivity Commission (2015), and others.
The estimates for each project are explained further below.
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Export-oriented projects
The Pluto Project only has capacity to supply the export market, and so its marginal
revenue curve is flat, at the level 𝑝𝐸 (1 − 𝛿𝐸𝑖 ), as shown in Figure 4.6. Output from the
Pluto project has been very close to its nameplate capacity in recent years. Therefore,
Equation (4.18) holds with a strict inequality, and marginal cost is less than marginal
revenue for this project. This is reflected in Figure 4.6, where the vertical line represents
Pluto’s annual processing capacity. While there is limited information on the marginal
variable cost of extraction, average operating costs for the Pluto project are available in
Woodside (2015a). Average operating costs are reported to be USD8 per boe, which is
equivalent to AUD1.8 per GJ. Removing shipping costs reduces this average cost
further to AUD1.0. Thus, total variable costs are known, and the area under the
marginal cost curve is constrained to equal this value. The marginal cost of extraction is
assumed to be 2.5 times average cost, resulting in a relatively flat marginal cost curve
(at least over feasible production ranges), consistent with industry advice.
Figure 4.6: Calibrated 2014 marginal revenue and marginal cost curves, Pluto
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Larger domestically-oriented projects
The domestically-oriented projects have downward-sloping marginal revenue curves, as
derived in section 4.2. The curves are steeper for larger projects that have a greater
market share. In the charts below, the 2014 equilibrium outcome is shown, with output
for 2014 being identified as the point where marginal revenue equals marginal cost.
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Again, the area under the marginal revenue curves (from zero up to production) is equal
to estimated total costs. Average variable costs for domestic gas production at Varanus
Island, Macedon, Devil Creek, Gorgon and Wheatstone have been estimated based on
estimates of total costs from Energy Quest and SKM, as reported in IMO (2013). From
these, capital costs have been subtracted, including a 15 per cent required after tax rate
of return.
The Varanus Island project’s profit maximising level of production in 2014, represented
in Figure 4.7, corresponded to operating at 69 per cent of capacity. Here, the actual
market price in 2014 was higher than marginal cost for Varanus Island, indicating that
the project was using its market power to generate pure economic profits at the margin,
at least in the short run. Long run economic profits will be lower than suggested here,
because each project will need to cover the fixed costs associated with its capital
investments.
Figure 4.7: Calibrated marginal revenue and marginal cost curves, Varanus Island
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Macedon is a smaller project, with a market share of 15 per cent in 2014, and it
therefore has a flatter marginal cost curve and lower economic rents compared to
Varanus Island. In 2014, it was operating at 73 per cent of its capacity.
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Figure 4.8: Calibrated marginal revenue and marginal cost curves, Macedon
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Devil Creek was operating well below capacity in 2014, at only 33 per cent. This
implies that the marginal cost curve for Devil Creek increases steeply, as shown in
Figure 4.9.
Figure 4.9: Calibrated marginal revenue and marginal cost curves, Devil Creek
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Smaller domestically-oriented projects
Beharra Springs, and the other Perth Basin projects, are very small, each with a market
share of less than one per cent. This lack of market power means that their marginal
revenue curves are very close to horizontal, and the projects are very close to price
takers. Since these projects are on-shore, they also have higher variable costs than the
projects based in the Carnarvon Basin. This is because drilling and completion work is
undertaken more regularly throughout the production phase of onshore projects,
whereas this is performed largely upfront for offshore projects. The Productivity
Commission (2015) indicates that, for onshore conventional gas projects in the eastern
states, additional capital expenditure of $1.4 per GJ is required. This estimate is added
to the variable cost for the onshore projects in Western Australia, shown below.
Figure 4.10: Calibrated marginal revenue and marginal cost curves, Beharra Springs
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Figure 4.11: Calibrated marginal revenue and marginal cost curves, Red Gully
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The Dongara project was another facility operating at well below capacity in 2014, as
shown in Figure 4.12. However, since that time, additional discoveries have been made
by AWE that could increase the level of reserves to be processed at Dongara, and shift
the marginal cost curve to the right.
Figure 4.12: Calibrated marginal revenue and marginal cost curves, Dongara
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Projects supplying both the export and domestic markets
The NWS project is the only project currently supplying both the domestic and export
markets. The domestic supply is committed under long-term contracts and a State
Agreement. This domestic supply obligation is represented in the model by constraining
domestic supply from the NWS project to be at least as large as a regulated minimum
level (taken to be actual production levels in 2014). That is, the NWS is subject to a
binding constraint, Bi, on its level of 𝑞𝐷𝑖 which implies that the parameter 𝜃𝐵𝑖 was
positive for the project, and that marginal revenue was below marginal cost.
Figure 4.13: Calibrated marginal revenue and marginal cost curves, North West Shelf
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In contrast to the case for projects that only supply the domestic market, the level of
domestic supply for the NWS cannot be read from the graph as the intersection of the
marginal cost and marginal revenue curves. This is because there is a single marginal
cost for gas extraction that is used to determine the cost of supplying gas to both the
export and domestic markets. Total extraction in 2014 was 1,218 PJ, and so the
marginal cost should be read at this level of output. The NWS LNG export facility was
operating at capacity in 2014, which means that the first order conditions cannot be used
to estimate marginal costs. Instead, Woodside (2015a) indicates that the average
variable costs for the NWS project are AUD1.45 per GJ. Removing estimated
processing costs leaves an average extraction cost of $1.1 per GJ. Marginal extraction
costs are assumed to be 2.5 times this level, at a relatively low $2.96 per GJ. Even with
this low marginal cost, at the constrained level of domestic supply, marginal revenue
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was greater than marginal cost on the domestic market, and 𝜃𝐵𝑖 takes on a calibrated
value of $1.5 per GJ.
Similarly, the Gorgon project’s domestic supply is governed by a State Agreement, and
this is also represented in the model by a project-specific constraint, Bi, on domestic
supply at the level required by the domestic gas reservation policy. Average variable
costs of extraction at the Gorgon project are estimated based on the total cost of
domestic supply reported in IMO (2013). From this, the capital cost of the domestic
plant is deducted, assuming a plant life of 40 years and a 15 per cent required after tax
rate of return. The resulting average cost of extraction of $2.5 per GJ is multiplied by
2.5 to arrive at the marginal cost of extraction.
Figure 4.14: Calibrated marginal revenue and marginal cost curves, Gorgon

1200

1100

1000

800

700

600

500

400

300

200

100

MCdi + MCxi
MRdi
Dom market price (excl losses)

900

Total
capacity

Domestic
capacity

0

20
18
16
14
12
10
8
6
4
2
0
-2

MRei
processing capacity

The Wheatstone project is the first project to formally come under the domestic has
reservation policy, and a binding 𝛼𝑖 applies to this project. Costs are estimated in an
analogous way to the Gorgon project, and are shown in Figure 4.15.
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Figure 4.15: Calibrated marginal revenue and marginal cost curves, Wheatstone
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4.5 Software
The Natural Gas Industry model has been implemented in both Microsoft Excel, as well
as GEMPAK software, developed by the Centre of Policy Studies (Harrison et al. 2016).
The model yields the same results in both software packages. Appendix II contains the
code for the GEMPACK implementation of the Natural Gas Industry Model.

4.6 Chapter summary
This chapter has developed the theoretical structure of the Natural Gas Industry (NGI)
model, including the marginal revenue and marginal cost curves for each project. The
marginal cost curves reflect key characteristics of the technology, including the large
fixed costs and capacity constraints faced by gas producers. Variable marginal costs are
relatively flat over low levels of production, but increase rapidly as extraction becomes
approaches maximum potential extraction levels. Each project recognizes its
oligopolistic market power on the domestic market, where the extent of its market
power depends on the project’s market share and the market elasticity of demand. These
marginal revenue and marginal cost curves determine the profit maximizing level of
output by each project.
The NGI model has been calibrated to the Western Australian gas market, using data
from a wide range of sources, so that the output of the model reproduces the 2014
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database exactly. The resulting marginal revenue and cost curves were presented in
section 4.4.
The gas projects in Western Australia can be divided into four main categories. Exportonly projects (Pluto) face horizontal marginal revenue curves. Larger domesticallyoriented projects (Varanus Island, Macedon and Devil Creek) face downward-sloping
marginal revenue curves because the domestic price declines as each project increases
its own output. Smaller domestically-oriented projects (Beharra Springs, Red Gulley
and Dongara) face almost-horizontal marginal revenue curves because of their small
market share. These onshore projects also have higher variable costs than their offshore
counterparts. Finally, projects that supply both the export and domestic markets (North
West Shelf, Gorgon and Wheatstone) tend to supply exports to their maximum LNG
processing capacity, since marginal revenue from the export market exceeds their
marginal cost. Their domestic supply levels are determined by binding constraints that
specify either the level of domestic supply or a minimum ratio of exports to domestic
supply.
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Chapter Five:
Impact of the Reservation Policy as Applied to
Gorgon and Wheatstone
This chapter uses the model described in the preceding chapter to estimate the short-run
economic impact of the domestic gas reservation policy, as it applies to the Gorgon and
Wheatstone projects. As discussed in Chapter Two, domestic gas plants are currently
being constructed at both of these projects to meet domestic supply obligations, and are
soon due for completion. This section compares the potential outcomes for the Western
Australian gas sector, with and without these domestic plants. First, the scenarios are
described and then the results are presented.

5.1 Scenarios
The Gorgon domestic plant will initially have capacity equivalent to 55 PJ per year. The
export capacity of the project is to be 865 PJ per year. The Wheatstone project is
constructing a domestic plant with capacity equivalent to 73 PJ per year. Export
capacity will be 493 PJ per year. Both of these new projects are assumed to produce to
full capacity. Based on IMO (2014a), full capacity is taken to be 97 per cent of
nameplate capacity, allowing time for maintenance. To assess the short-run impact of
the domestic supply requirements for the Gorgon and Wheatstone projects, three
scenarios have been simulated.
The ‘Baseline’ scenario represents business as usual. It is based on the 2014 market
structure, but with the effects of the recently lower export price simulated in. A price of
AUD10 per GJ23 is used in the core modelling results, which is representative of the
FOB prices received in late 2015. A sensitivity analysis with alternative export prices is
conducted at the end of this chapter.
The ‘G&W – No Reservation scenario is a hypothetical scenario representing key
changes to the domestic market that may occur if the reservation policy were not in
force. Specifically, the Gorgon and Wheatstone projects open without any domestic

23

In December 2015, the NWS project received an average LNG price of USD7.6 per mmbtu, based on
Woodside quarterly reports. This translates to AUD10.8 per GJ, and AUD10 per GJ after removing
transport costs. This average price would include a legacy contract with China that is set below current
market values, and is therefore a conservative estimate of the marginal price.
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plants. Instead, all production from the new projects is supplied as LNG exports. This
scenario also assumes that the NWS contract with a major electricity generator
(Synergy) comes to an end, as is scheduled for 2015. The IMO (2014b, p23) estimates
that this contract is for 135 TJ/d, which is equivalent to 49.3 PJ/y. This is assumed to
reduce the minimum domestic supply obligation (Bi) from the NWS project by 49.3 PJ
per year. It is understood that the electricity generator will be taking up a new contract
with the Gorgon domestic plant (IMO 2013, p127).
The ‘G&W – Reservation’ scenario is the same as ‘G&W – No Reservation’ except
that it also assumes that the Gorgon and Wheatstone projects open their domestic
processing plants as planned. If both of these plants supply domestic gas to 97 per cent
of capacity, this is equivalent to 35 per cent of the 2014 domestic consumption levels.
The completion of the NWS contract partially offsets this, giving a net addition to
supply of 21 per cent of the 2014 domestic consumption levels.

5.2 Results
As shown in Figure 5.1, if the Gorgon and Wheatstone projects are able to supply all of
their gas to the export market, as in the ‘No Reservation’ scenario, exports are higher by
126 per cent compared to baseline levels.
Figure 5.1: Gas industry impacts of G&W – without the reservation policy, percent
deviation from baseline
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Source: Author’s calculations from the Natural Gas Industry model of Chapter Four
Note: Results are the percent deviation in the ‘G&W – No Reservation Policy’ scenario relative to
the ‘Baseline’ scenario
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Export prices do not change, since it is assumed that individual LNG projects in
Australia have no influence on the export price.
By itself, the opening of the Gorgon and Wheatstone LNG facilities would not affect
domestic supply or domestic prices. However, the expiry of the NWS contract with a
major electricity generator reduces the domestic supply obligation of the NWS. As a
result, domestic consumption is 8 per cent lower and domestic prices are 15 per cent
higher compared to 2014 baseline levels.
The change in gas supply from each project, were the reservation policy not imposed on
Gorgon and Wheatstone, is examined more closely in Figure 5.2.
Figure 5.2: Impacts of G&W – without the Reservation Policy on annual supply,
deviation from baseline, PJ
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Without the reservation policy, the two new export plants would increase exports
significantly. The NWS reduces its domestic supply when the contract comes to an end,
although it reduce its domestic supply by only 36 PJ, which is less than the volume of
the expired contract, which is 49 PJ. This is because the 36 PJ reduction in domestic
supply is sufficient to equate the marginal revenue on the domestic market with
marginal cost. In the short run, the NWS is not able to increase its exports, because it is
already producing LNG to maximum capacity. Over the longer term, this reduction in
domestic supply could be used to extend the life of the project.
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In response to the 15 per cent higher domestic prices caused by reduced domestic
supply from the NWS, each of the domestic-oriented projects increases its domestic
supply. Without the reservation policy, the short-run price for new contracts is estimated
to be around $9.2 per GJ rather than the $8.0 in the baseline scenario. In the longer
term, this higher price is likely to stimulate additional investment from domestic gas
projects, and the supply response it likely to be greater than indicated in this short-run
modelling.
On the other hand, if the Gorgon and Wheatstone projects are required to construct the
domestic gas plants, as in the ‘Reservation Scenario’, then domestic consumption is
estimated to be 18 per cent higher than it otherwise would have been in the short run, as
indicted in Figure 5.3. The increase in consumption is smaller than the direct addition to
domestic supply from the two new projects (net of the reduction from the NWS), which
is 21 per cent of 2014 domestic gas consumption volumes. This indicates that other
projects must be reducing their output in response to the new supply from Gorgon and
Wheatstone. Nevertheless, in the short run, the higher domestic supply leads to 24 per
cent lower prices than would otherwise be the case, as the new projects compete to sell
their output.
Figure 5.3: Gas industry impacts of G&W – with the reservation policy, percent
deviation from baseline
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Source: Author’s calculations from the Natural Gas Industry model of Chapter Four
Note: Results are the percent deviation in the ‘G&W – Reservation Policy’ scenario relative to
the ‘Baseline’ scenario
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As indicated in Figure 5.3, the increase in exports compared to the baseline is smaller
when the reservation policy is in place, because not all of the gas from the Gorgon and
Wheatstone projects can be exported.
Figure 5.4 shows the impact on production of each project from the Gorgon and
Wheatstone plants opening with their domestic facilities. The results confirm that,
compared to the baseline scenario, the short-run production volumes of almost all
existing projects are affected.
Figure 5.4: Impacts of G&W – with the Reservation Policy, on annual domestic supply,
deviation from baseline, PJ
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The additional domestic supply from Gorgon and Wheatstone puts downward pressure
on prices, which reduces existing projects’ ability to cover their costs. Specifically, new
contract prices on the domestic market fall from $8 per GJ in the baseline scenario, to
$6.1 per GJ in the scenario under consideration here. This price is comparable to the
IMO (2015a) estimates of new contract prices, which are $5.68 for 2016 and $6.60 for
2017. In response, domestic-oriented projects reduce their supply. The NWS Shelf
project reduces domestic supply, as in the previous scenario, but by a larger amount
given the lower domestic price. Pluto is the only project that is unaffected, since it does
not currently have a domestic plant.
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Comparing the outcomes under the ‘G&W – No Reservation’ scenario with the ‘G&W
– Reservation’ scenario isolates the impact of the reservation policy. Figure 5.5 shows
the percent impact of the policy on domestic supply for existing projects. The smallest
three projects have a very small market share and are therefore close to price-takers on
the domestic market. They also have high variable costs of production because they are
onshore gas producers. These factors mean that these small projects are most vulnerable
to the effects of the reservation policy and the lower domestic price causes significant
reductions to their output.
Figure 5.5: Impact of reservation on gas output by project, deviation from no
reservation scenario, percent
0%
-2%
-27%

-27%

-26%

Dongara

-16%

Red Gully

-16%

Beharra Springs

-12%
-50%

Devil Creek

Macedon

Varanus Is

NWS

-100%

Source: Author’s calculations from the Natural Gas Industry model of Chapter Four
Note: Results are the percent deviation in the ‘G&W – Reservation Policy’ scenario relative to
the ‘G&W – No Reservation Policy’ scenario

The market power held by the four larger projects – North West Shelf, Varanus Island,
Macedon and Devil Creek – moderates the impact of the reservation policy on their
production volumes. While the lower domestic price tends to reduce domestic supply,
this is partly offset because the two additional players in the market, Gorgon and
Wheatstone, reduce the market power held by the existing projects. This additional
competition tends to raise supply from these medium-sized producers, but not by
enough to outweigh the negative effect of reduced prices.
Overall, gas suppliers are worse off as a result of the new domestic plants at Gorgon and
Wheatstone. Profits from the Gorgon and Wheatstone projects are affected directly,
since some gas must be sold at the lower domestic price rather than the export price.
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Additional recurrent fixed costs associated with the domestic plant are also incurred.
The lower domestic price also reduces profits from all other projects supplying the
domestic market. Reduced output from the domestically-oriented projects suppresses
their profits further.
Figure 5.6 compares the economic surplus in the industry with and without the domestic
plants at Gorgon and Wheatstone. That is, it compares the outcomes under the ‘G&W –
No Reservation’ scenario with the ‘G&W – Reservation’ scenario. Due to the new
domestic plants, industry profits are estimated to be $1.9 billion lower than they would
be without them. Of course, this significant decrease in profits from gas suppliers
should be weighed against the gain to consumers. Gas consumers benefit from the
additional domestic gas plants because prices are lower and consumption is higher. The
short-run addition to annual consumer surplus is estimated to be $1.2 billion.
Figure 5.6: Economic impacts of domestic gas reservation for G&W, annual, $billion
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On balance, this signifies an overall loss to the economy of an annual $0.7 billion in the
short run. It is notable, however, that this loss is only the short-run impact of the
reservation policy, as applied to the Gorgon and Wheatstone projects. Since the long run
impacts include the disincentive effects on gas reserve discovery and development, this
cost represents a lower bound net effect on the Western Australian economy.
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5.3 Sensitivity analysis
This section presents two sensitivity analyses. The first tests the sensitivity of the results
to export prices, and the second tests the sensitivity to the level of competition in the
Western Australian domestic gas market.
Sensitivity to the export price level
The export price, determined on the global LNG market, has an important influence on
the size of the deadweight loss from the domestic gas reservation policy. The gap
between the export and domestic prices determines the opportunity cost of diverting gas
from the export to the domestic market, which is a large proportion of the loss from the
domestic gas reservation policy.
Figure 5.7: LNG export prices
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The export price, of AUD10 per GJ, used for the modelling results presented above is
based on the average price at the NWS project in late 2015. Data presented in the
Woodside (2016a) report for the quarter to December 2015, indicates that the project
received an average of AUD10 per GJ of LNG (FOB)24. After adding transport costs25

24

Again, this is a conservative estimate of the marginal price because this average price would include a
legacy contract with China that is set below current market values.
25
In December 2015, the NWS project received an average LNG price of USD7.6 per mmbtu, based on
Woodside quarterly reports. This translates to AUD10.8 per GJ, and AUD10 per GJ after removing
transport costs.
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and converting units, this is equivalent to a price of USD7.6 per mmbtu delivered to
Japan. The same report indicates that the Pluto project received a higher price of
AUD12.4 per GJ in late 2015, which is equivalent to USD 9.3 per mmbtu delivered to
Japan.
The World Bank (2016) reports that in March 2016, the Japanese LNG import price was
USD 8.5 per mmbtu; equivalent to AUD12.1 per GJ. Removing transport costs, this
leaves an Australian FOB price of AUD11.3 per GJ.
The current spot price for LNG is significantly lower than LNG supplied under longterm contracts. Platts (2016) reports that, for February 2016, the ‘Japan Korea Marker’
was below USD 6 per mmbtu. A price of USD 5 per mmbtu translates to an Australian
FOB price of AUD6.3 per GJ.
The average LNG price received for exports from Western Australia in 2014 is included
for comparison, which is AUD13.5 per GJ FOB, or USD10 per mmbtu delivered to
Japan.
Thus, there is a range for potential LNG prices, from a low of AUD6.3 per GJ to a high
of AUD13.5 per GJ. To examine the effects of price levels in this range, the same
scenarios outlined earlier in this chapter were re-run with low and high LNG prices,
giving a range for the deadweight loss estimates, as shown in Figure 5.8.
If LNG prices were at their 2014 highs of AUD13.5 per GJ, then the net loss from
diverting exports to the domestic market is greater, at $1.1 billion per year. The
economic loss is greater when export prices are higher because the opportunity cost of
diverting gas volumes away from the export market is higher. Alternatively, if LNG
prices are at a low of AUD6.3 per GJ, consistent with current spot prices, then the DWL
is lower, at $0.3 billion.

78

Figure 5.8: Deadweight loss from domestic gas reservation for G&W, annual, $billion
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Source: Author’s calculations from the Natural Gas Industry model of Chapter Four
Note: Results are the percent deviation in the ‘G&W – Reservation Policy’ scenario relative to
the ‘G&W – No Reservation Policy’ scenario.
LNG prices are in AUD per GJ, FOB.

Sensitivity to the level of competition
A key feature of the Western Australian domestic gas market is the potential for lessthan-perfectly-competitive interactions between suppliers. Around half of domestic gas
supply has traditionally been provided by the NWS project, which until recently has
jointly marketed its domestic gas supplies. Given this history, the Natural Gas Industry
model developed in Chapter Four modelled gas suppliers as exhibiting Cournotoligopolistic behaviour. Large Cournot oligopolists choose a smaller level of domestic
supply than perfectly competitive producers because they recognise that increasing
supply will reduce the market price and therefore reduce the revenue that they receive
on every unit of domestic gas sold. In this sense, the domestic gas reservation policy,
which raises domestic supply, might be viewed as offsetting the effects of imperfect
competition. However, the modelling presented earlier in this chapter showed that
despite its potential role in offsetting the effects of imperfect competition, the domestic
gas reservation policy was still found to generate a deadweight loss.
The market structure is likely to be changing over coming years however, as the NWS
project ceases joint marketing. Each joint venture partner will instead market its own
share of the domestic gas separately. Chapter Two showed that, if all projects were to
market gas in this way, there would be a larger number of players on the domestic
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market, with Quadrant and Woodside each responsible for around a quarter of domestic
gas supply in 2014. Each company will still have very close interactions with their
competitors through participation in joint ventures, but the end of joint marketing does
open the possibility for greater competition.
To gauge the effect of higher levels of competition on the market, the scenarios
described earlier in this chapter have been re-run assuming perfect competition rather
than Cournot oligopoly. In this perfectly competitive environment, a domestic gas
reservation policy is likely to be more detrimental to the economy. This is because
perfectly competitive suppliers do not withhold supply, and instead will increase output
as long as the marginal cost is greater than the market price. This behaviour comes
about because each producer believes that they are unable to influence the market price.
That is, each project sees marginal revenue from domestic supply, MRDi, as:
𝑀𝑅𝐷𝑖 = 𝑝𝐷 (1 − 𝛿𝐷𝑖 )

(5.1)

rather than the more complicated expression in Equation (4.12) under Cournot
Oligopoly. The deadweight losses estimated for a perfectly competitive domestic gas
market are shown in Figure 5.9.
Figure 5.9: Deadweight loss from domestic gas reservation for G&W under perfect
competition, annual, $billion
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Note: Results are the percent deviation in the ‘G&W – Reservation Policy’ scenario relative to
the ‘G&W – No Reservation Policy’ scenario, each assuming perfect competition.
LNG prices are in AUD per GJ, FOB.
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In a perfectly competitive market, the deadweight loss under central LNG export price
assumptions is estimated to be $1.0 billion per year, compared to $0.7 billion if the
market were a Cournot oligopoly. The loss under low export prices is $0.5 billion
(rather than $0.1 billion for Cournot) and under high prices is $1.4 billion (rather than
$1.1 billion for Cournot).

5.4 Chapter summary
This chapter has used the Natural Gas Industry model, which was developed in Chapter
Four, to estimate the economic impact of Western Australia’s domestic gas reservation
policy as applied to the Gorgon and Wheatstone projects. When these two new projects
are required to open domestic plants, the additional supply on the domestic market
pushes the domestic price lower than it would otherwise be. The model estimates that
new domestic contract prices would be around $6.1 per GJ, which is in-line with IMO
(2015a) estimates of 2016/17 prices for new contracts.
This results in a direct loss of profits for the Gorgon and Wheatstone plants, since they
must sell their gas at lower prices. The lower prices also reduce the profitability and
output of every other project operating in the Western Australian domestic market. This
loss to producers exceeds the gain to consumers, and the overall deadweight loss to the
Western Australian economy is estimated at an annual $0.7 billion.
When this result is tested for a range of LNG export prices, the net loss ranges from an
annual $1.1 billion to $0.3 billion. If the market were to be perfectly competitive rather
than a Cournot oligopoly, then the net loss would be higher, ranging from $1.4 to $0.5
billion, depending on LNG prices.
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Chapter Six:
Distributional Analysis: Australian and Foreign Impacts
Like the Australian economy as a whole, the oil and gas industry funds a significant
proportion of its investment from overseas. Thus, a share of the plant and corporate
structures in the Western Australia gas industry are foreign owned, and some of the
profits generated flow back overseas as return on this investment.
This is a matter of interest for a number of domestic policy questions, including for the
domestic gas reservation policy. The additional gas volumes that this policy diverts to
the domestic market suppress the gas price. Therefore, the policy is seen as a subsidy to
gas consumers and a tax on gas producers, as discussed in Chapter Three. Some studies,
including ACIL Allen (2014) and ERA (2014), raise the question of foreign ownership
in this context. They note that if foreign ownership of gas producers is higher than for
gas consumers, then the reservation policy might be thought of as a transfer of income
from foreign gas-producing firms to domestic gas-consuming firms26. In the absence of
reliable estimates, both studies leave this question to future research. This chapter seeks
to fill this gap and determine whether differences in foreign ownership of gas producers
versus consumers leads to a net benefit to domestic households from the reservation
policy.
Understanding foreign ownership in the oil and gas industry is also useful more
generally. For example, the effects of the recent growth in the resources industry on
Australian living standards depend partly on whether the industry’s income remains in
Australia or flows overseas. In their work to estimate the benefits of the Australian
mining boom, Downes, Hanslow and Tulippoint (2014) indicate that the lack of
information on foreign ownership shares is an important problem. Also, Australian
governments generally aim to receive a return from allowing the country’s oil and gas
resources to be exploited, by applying royalties and rent taxes in the sector.
Understanding the foreign investment patterns can help determine the incidence of these
taxes. Finally, foreign ownership is also of interest from the perspective of the collective

26

As shown in the previous section, however, the gain to gas consumers is smaller than the loss to
producers.
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interest test for investment applied by the Foreign Investment Review Board (FIRB) of
the Australian Treasury.
A small number of studies have investigated the foreign-owned share of Australia’s
mining industry. Arsov et al. (2013) conduct a detailed investigation of the foreign
contribution to the recent boom in investment for the Australian resources sector as a
whole. Two other studies briefly discuss foreign ownership in the industry, although the
method used to arrive at their estimates is unclear. Energy Quest (2014) notes that
Australian-listed firms contribute half of petroleum production in Australia, without
discussing what proportion of shareholders are Australian. Connolly and Orsmond
(2011) also briefly mention an estimate of the foreign ownership share of mining
operations.
This chapter presents detailed estimates of the extent to which income from natural gas
in Western Australia remains within both Australia and the state. In contrast to the
above-mentioned studies that focus on production or investment, the focus in this
chapter is on the extent to which profits (or producer surplus) flow to overseas
investors. This is important for evaluating the effect of the domestic gas reservation
policy because it determines the relationship between the producer surplus of companies
operating on both sides of the market and Australian incomes.
The estimates in this chapter, however, do not reflect the full economic contribution of
the construction and operation of each gas project in Western Australia. In particular,
this chapter ignores any rents accruing to the domestic suppliers of inputs to the industry
– including any impact on wages paid to workers employed in the industry. This chapter
also ignores the impact of investment expenditure during the construction phase of these
projects – which is largely on engineering construction services. This work is left for
future research, which could use the foreign-ownership shares estimated here as an
input.
By limiting the focus to Western Australian gas industry, this chapter is able to conduct
more detailed estimates than contained in previous studies. The number of individual
gas producers and consumers in Western Australia is sufficiently small that each can be
investigated individually to produce reliable industry-wide estimates. In this chapter, a
unique database of firm-specific data has been constructed from primary data sources
that are either publicly-available or proprietary.
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The supply side of the market is examined first – the upstream gas producers. Next, the
demand side is discussed – gas consumers such as electricity generators, manufacturing
facilities and mining operations. This focus on both sides of the gas market allows an
understanding of the profits that Australians, and Western Australians, derive from both
the production and consumption of natural gas. The key results are then summarised.

6.1 Gas Production
A number of steps are required to estimate the share of profits from gas production in
WA that goes to different owners. First, each project is identified and the production
levels that can be attributed to each company are calculated. Next, the foreign
ownership of these companies is determined, based on the ownership of each firm’s
debt and equity. Taxes and royalties paid by the sector are then investigated. With this
information, the share of before-tax profits that accrues to Australians can be estimated.
6.1.1 WA gas production by company
The North West Shelf (NWS) project, operated by Woodside, accounted for 71 percent
of WA’s gas production in 2014, as shown in Figure 1. This is the only project currently
operating that produces both LNG for export and natural gas for the domestic market.
The next largest is the Pluto project, which produces LNG for export.
Figure 6.1: WA gas production by project, 2014, per cent
4% 2% 1%
7%

NWS
Pluto

17%

Varanus Island
Macedon
Devil Creek
71%
Other

Source: Authors’ calculations based on APPEA 2015, DMP 2015, and DMP 2016.
Note: Production is measured in PJ per year, after processing losses
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Other projects in the Carnarvon basin supply exclusively to the domestic market. These
include the Varanus Island, Macedon, and Devil Creek processing facilities. The Perth
Basin has smaller, domestically-oriented projects, including the Beharra Springs, Red
Gully, and Dongara processing facilities.27
Two more large projects, Gorgon and Wheatstone, are under construction. The Gorgon
project shipped its first cargo of LNG in March 2016. The Wheatstone project is
scheduled to begin production of LNG by mid-2017 (Chevron 2016a). The Browse
basin currently has no active projects, but two large projects, Ichthys and Prelude, are
under construction. These are scheduled to begin production in 2017 (Inpex 2015,
2016). As shown in Figure 6.2, when these four new projects come online total
production is expected to more than double and the NWS share will be reduced to only
30 percent28. This has implications for the share of profits that remain in Australia, as
the new projects rely heavily on foreign investment, as discussed below.
Figure 6.2: Future WA gas production by project (PJ per year)
3% 1% 1% 0%

NWS

7%

Gorgon
30%

7%

Wheatstone
Ichthys
Pluto

11%

Prelude
Varanus Island
Macedon
Devil Creek
15%
25%

Other

Source: Authors’ calculations based on APPEA 2015, DMP 2015, and DMP 2016.
Note: Assumes all projects currently under construction operate at capacity and currently-operating
projects maintain 2014 production levels

27

To estimate production for each project during 2014, reports of LNG and domestic gas production from
individual fields and projects (APPEA 2015, DMP 2015) have been reconciled with reports of total state
LNG and domestic gas production (DMP 2016).
28
This assumes that all new projects produce at capacity and all currently-operating projects maintain
their 2014 production volumes.
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Nineteen companies are involved in WA’s currently-producing gas projects. Aggregated
estimates, presented in Figure 6.3, show that Woodside is responsible for the largest
share of production, at 30 per cent, followed by BHP Billiton, at 13 per cent.
Six equal joint venture partners, including Woodside and BHP Billiton, participate in
LNG exports from the NWS along with, CNOOC, which owns a smaller 5 percent
share. Woodside has a 50 per cent interest in the domestic gas part of the NWS project.
It also owns a large majority of the Pluto LNG export project. Japanese energy
companies, usually LNG customers, own small proportions of the large projects, usually
between 1 and 5 per cent.
Australian companies, including BHP Billiton, Macquarie, and Santos, as well as the
foreign company Brookfield own the majority of middle-sized gas project. Smaller
Australian companies extract gas from the small gas fields in the Perth basin.
Figure 6.3: Company Shares of Total 2014 Production
3% 2% 3%
3%

Woodside
BHP Billiton

3%
30%

Chevron
BP

9%

Shell
MIMI
CNOOC
10%

Macquarie
Brookfield
13%
11%

Santos
Other

11%
Source: Authors’ calculations based on APPEA 2015, DMP 2015, and DMP 2016, and company
websites (Table A1 in Appendix III).

Figure 6.4 shows the anticipated share of production by company once all projects
currently under construction are operational. At that point, Chevron is expected to be
responsible for the largest share of gas production, at 26 per cent, due to its involvement
in the Gorgon and Wheatstone projects.
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Figure 6.4: Company Shares of Total Future Production
7%

Woodside
BHP Billiton
Chevron
BP
Shell
MIMI
Inpex
ExxonMobil
TOTAL
CNOOC
Macquarie
Brookfield
Santos
Other

15%

1%
3%

5%

6%

8%

4%

26%

15%
5%

Source: Authors’ calculations based on APPEA 2015, DMP 2015, and DMP 2016, and company
websites (Table A1 in Appendix III).

The ownership of the state’s large projects is presented in Table 6.1 below. Projects
currently under construction are included. This information has been compiled from
company websites.
Table 6.1: Producer shares of large WA gas projects
NWS
NWS
Company
Pluto Gorgon
LNG
Dom*
Chevron

16%

17%

47%

Shell

16%

8%

25%

ExxonMobil

Wheatstone
64%

68%

25%

Inpex
Woodside

Ichthys Prelude

62%
16%

50%

90%

18%

13%

TOTAL

30%

BP

16%

17%

BHP Billiton

16%

8%

MIMI

16%

Kufpec

13%

Other

5%

10%

3%

10%

8%

14%

Total

100%

100%

100%

100%

100%

100%

Source: Company websites, see table A1 in Appendix III.
Notes: * NWS domestic share is for the “NWS Domestic Gas Joint Venture”, as listed in ACIL Tasman
(2009)
Shares are rounded to the nearest 1 per cent.
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6.1.2 Australian ownership of gas producers
Each company involved in gas production in WA funds its investment by issuing either
debt or equity. The Australian share of after-tax profits for each company can be
estimated by examining the share of after tax profits that flow to debt and equity
investors.
Arsov et. al find that “Australian resources companies have raised the majority of their
debt funding through bond issuance in foreign markets, particularly the United States”
(Arsov et. al 2013, p58). A review of annual reports of companies involved in the WA
gas industry is consistent with this finding – confirming that the majority of debt has
been issued in foreign currencies, with the US bond market playing a prominent role.
Therefore, any interest repayments or repayments of principal made by companies
producing gas in WA can be assumed to flow to overseas investors.
On the other hand, based on ABS data, around 61 per cent of equity on issue by all
Australian-based companies is owned by Australian shareholders29. Therefore, for
companies listed on the Australian Stock Exchange (ASX), 61 per cent of profits
remaining (after tax and interest payments) can be considered Australian-owned.
For companies listed on foreign stock exchanges, it is assumed that all profits
remaining, after tax and interest payments, flow overseas, as the presence of Australian
shareholders on foreign stock exchanges is negligible.
For companies listed on both the ASX and a foreign exchange, the share of equity
owned by Australians is estimated as the proportion listed on the ASX (by market
capitalisation), scaled down to reflect that 61 per cent of Australian-issued equity is
owned by Australians. For example, as shown in Table 6.2, BHP Billiton is listed on the
ASX and the LSE.
The share of profits from each company flowing to Western Australians can be
approximated by multiplying the Australian national ownership share by WA’s share of
the population30, which is around 11 percent (ABS 2015a).

29

ABS data indicates that between March 2003 and June 2015, an average of 39 percent of equity on
issue by Australian-based companies was owned outside Australia (ABS 2015).
30
This method assumes that investment patterns and per capita income is the same in all states.
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As shown in Table 6.2, most companies involved in producing gas in WA are foreignowned. The data for this table has been compiled by collecting financial records for
each company from the Company 360 database published by Dun & Bradstreet
Corporation (2016). In all cases, information for the relevant Australian subsidiary has
been used, rather than the broader parent company. In some cases, very specific data is
available, including for BHP Billiton Petroleum (North West Shelf) Pty Ltd and
Quadrant Energy Australia Limited, which operates the assets of the joint venture
between Macquarie and Brookfield.
Table 6.2: Domestic share of after-tax profits from gas-producing companies
share
implied
debt equity equity
Company
Listing
Aus
share share
ASX
share
listed
Chevron
NYSE
11% 89%
0%
0%

implied
WA
share
0%

Shell

NYSE/LSE/AEX

21%

79%

0%

0%

0%

ExxonMobil

NYSE

31%

69%

0%

0%

0%

Inpex

TSE

0%

100%

0%

0%

0%

Woodside

ASX

5%

95%

100%

58%

6%

TOTAL

NYSE/EURONEXT 0%

100%

0%

0%

0%

BP
BHP
Billiton*
Macquarie†

LSE

39%

61%

0%

0%

0%

ASX/LSE

11%

89%

24%

13%

1%

ASX

32%

68%

100%

42%

5%

Brookfield†

NYSE

32%

68%

0%

0%

0%

MIMI

TSE

1%

99%

0%

0%

0%

Kufpec

Kuwait government

33%

67%

0%

0%

0%

Santos

ASX

17%

83%

100%

51%

6%

Source: Authors’ calculations based on Company 360 database, company websites (see table A2 in
appendix III).
Notes: * BHP Billiton Petroleum (North West Shelf) Pty Ltd
† Debt and equity shares based on the Joint Venture ‘Quadrant Energy Australia Limited’

Information on the stock exchange listings of the relevant companies has been compiled
from either the company’s website or directly from the relevant exchange. Table A2 in
Appendix III lists these sources.
Comparison to other studies
Energy Quest (2014) reports that firms listed on the ASX account for around half of
Australia’s petroleum production. The data presented in this and the preceding section
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are consistent with this, indicating that firms with ASX listings were responsible for 49
per cent of WA gas production in 2014.31
The share of production and profits attributable to Australian households are lower than
this, however, because companies listed on the ASX are not wholly owned by
Australian shareholders. Arsov et al. take this into account, and estimate that the overall
Australian-listed resources sector “is around three-quarters foreign owned” (Arsov et al.
2013, p58). Since iron-ore producers BHP Billiton and Rio Tinto both have a high
proportion of their shares listed on foreign exchanges, Arsov et al.’s estimate of foreign
ownership for the resources sector as a whole is higher than for WA gas producers.
Indeed, the data collected here indicates that, for companies with Australian listings and
producing gas in WA, around 55 per cent of after tax profits flow to foreign investors.
Arsov et al. go on to conclude that for the resources sector as a whole, “around fourfifths of funding for physical investment has been sourced from offshore” (Arsov et al.
2013, p58). Similarly, Connolly and Orsmond (2011) find that the “effective foreign
ownership of the current mining operations in Australia could be around four-fifths,
with the share for iron ore producers a little lower and coal and LNG producers a little
higher” (2011, p38). However, the method that Connolly and Orsmond (2011) use to
arrive at this estimate is unclear.
In this chapter, the focus is on the flow of profits, rather than funding for investment.
Overall, around 20 per cent of after-tax profits from WA gas production flow to
Australian investors, with 80 per cent flowing to foreign investors. However, given that
debt finding in this industry tends to be sourced from international investors, and the
rate of return on debt is generally lower than the rate of return on equity, it is likely that
the foreign share of funding for investment by WA gas producers is higher than 80 per
cent, consistent with assertions made by Connolly and Orsmond (2011).
6.1.3 Royalties and taxes on gas production
In addition to income derived as shareholders of gas-producing companies, Australians
also derive income from this industry when Australian governments collect taxes and
royalties. This important source of income from the sector has not been addressed in the
above-mentioned studies.

31

This estimate treats BHP Billiton as listed on the ASX.
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Apart from the usual corporate and personal income taxes, the Federal and State
Governments apply additional taxes to the oil and gas industry, which are seen as a
payment in return for access to the oil and gas resources. This is a means of ensuring
that Australian households receive some benefit from allowing their resources to be
depleted and associated land or offshore areas despoiled. These additional taxes include
Australian and Western Australian royalties, and the Petroleum Resource Rent Tax
(PRRT)32. The Australian Government also collects significant revenues from company
income taxes, which are investigated here. Although the industry is subject to other
taxes, including taxes on labour such as payroll tax and personal income tax, these are
not considered in this paper since they are small relative to company tax.
Here, the interest is in the share of profits that flow to Australian households. Therefore,
the effective royalty rate is calculated as a proportion of ‘profits’. Importantly, ‘profits’
are broadly defined to include operating surplus before royalties and income tax. This
definition is slightly different to the accounting definition of Earnings Before Interest
and Taxes (EBIT) because, for accounting purposes, royalties are classified as an
operating cost and therefore are excluded from EBIT. In this chapter, it will be
important to understand the role of royalties paid by gas producing companies, so the
‘profit’ measure that is appropriate for our purposes is equivalent to EBIT plus royalties.
Australian Government Royalties
The NWS project is the major source of royalty revenue in Western Australia. Since its
gas comes from the federally-controlled off-shore zone, the Australian Government
imposes a 10 to 12.5 per cent royalty on the wellhead value of oil and gas produced by
the NWS (DIIS, 2016). Around 65 per cent of these royalty revenues are remitted to the
Western Australian Government (DMP 2015a). In 2014, the WA Government received
around $1 billion in revenues from this source, implying that the total paid by the NWS
project was approximately $1.7 billion.
Woodside quarterly reports together with DMP data can be used to infer that the total
value of sales from the NWS project was approximately $17 billion in 2014, including
the value of crude oil and condensate. This indicates that Australian royalties paid by

32

A Resource Rent Royalty (RRR) is also levied on Barrow Island production, where production is
predominantly oil (DMP 2016a). The Crude Oil Excise also applies to the NWS project (DIIS 2016).
Since the focus of this paper is gas production, these taxes on oil and condensate are not considered.

91

the project were 9.6 per cent of revenues in 201433. In addition, the Company 360
database indicates that, for the ten years 2006 to 2015, EBIT at the NWS project
averaged 72 per cent of revenues34.
Together, this information indicates that participants in the NWS joint venture pay
around 11.7 per cent of their profits (before income tax and royalties) in Australian
Royalties35. This effective rate for Australian royalties is estimated as follows:

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝐴𝑢𝑠 𝑟𝑜𝑦𝑎𝑙𝑡𝑦 𝑟𝑎𝑡𝑒 𝑓𝑜𝑟 𝑁𝑊𝑆 =
𝑡𝑜𝑡𝑎𝑙 𝐴𝑢𝑠 𝑟𝑜𝑦𝑎𝑙𝑡𝑖𝑒𝑠 𝑝𝑎𝑖𝑑
(𝑟𝑜𝑦𝑎𝑙𝑡𝑦 𝑟𝑎𝑡𝑒 + 𝐸𝐵𝐼𝑇 𝑟𝑎𝑡𝑒) ∗ 𝑁𝑊𝑆 𝑟𝑒𝑣𝑒𝑛𝑢𝑒

(6.1)

Western Australian Royalties
The Western Australian Government levies a royalty on oil and gas production within
state boundaries, at a rate of 10 to 12.5 per cent of the wellhead value. In 2014, this
royalty raised $11 million (DMP 2014). Based on DMP (2015) reports, projects
producing within state boundaries include the onshore projects in the Perth Basin and
part of Varanus Island, and these projects are assumed to be subject the tax. Estimates
of the value of oil and gas production at these projects36 indicate that 57 per cent of the
royalty revenue, or $6.3 million, is attributable to gas production.
Combining an estimated 2014 price of $4.7 per GJ36 with production volumes at each
project gives estimates of taxable revenues at the Perth Basin and Varanus Island
projects. In addition, Company 360 data indicates that EBIT has averaged 37 percent of
revenue in the Perth Basin37 and 31 per cent of revenue for production at Varanus
Island38. Together, this implies that the Beharra Springs, Red Gully and Dongara
facilities pay an effective royalty rate of 18.3 per cent of profits (before income tax and
This effective tax rate is close to the 10 – 12.5 per cent statutory rate, indicating that wellhead value
was a large proportion of total revenue.
34
Based on data for BHP Billiton Petroleum (North West Shelf) Pty Ltd, excluding 2013 when EBIT was
higher than revenue, presumably due to an accounting anomaly.
35
This 14.9 per cent effective royalty rate is higher than the 10 to 12.5 per cent headline tax rate because
it is expressed as a proportion of total estimated profits, rather than as a proportion of wellhead value.
36
To estimate the value of production, DMP data (DMP, 2016) on the total volume and value of LNG,
Natural Gas and other petroleum products are used to estimate average prices for each commodity. After
removing the estimated NWS values and volumes (based on Woodside quarterly reports), an average
price for projects other than the NWS is found. This average price for 2014 is $4.7 per GJ for pipeline
gas, $20.4 per GJ for condensate and $19.3 per GJ for crude oil.
37
Based on AWE data for years in which EBIT was positive between 2006 and 2015.
38
Based on data for Quadrant between 2005 and 2014.
33
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royalties). Varanus Island gas pays a lower rate, at 1.9 per cent, because only a small
proportion of its output is sourced from within WA state borders. In summary, the
effective WA royalty rate for these projects is calculated as:

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑊𝐴 𝑟𝑜𝑦𝑎𝑙𝑡𝑦 𝑟𝑎𝑡𝑒 =
𝑡𝑜𝑡𝑎𝑙 𝑊𝐴 𝑟𝑜𝑦𝑎𝑙𝑡𝑖𝑒𝑠 𝑝𝑎𝑖𝑑 𝑜𝑛 𝑔𝑎𝑠
(𝑟𝑜𝑦𝑎𝑙𝑡𝑦 + 𝐸𝐵𝐼𝑇 𝑟𝑎𝑡𝑒 𝑜𝑛 𝑟𝑒𝑣𝑒𝑛𝑢𝑒) ∗ 𝑝𝑟𝑖𝑐𝑒 ∗ 𝑡𝑎𝑥𝑎𝑏𝑙𝑒 𝑔𝑎𝑠 𝑣𝑜𝑙𝑢𝑚𝑒𝑠

(6.2)

The Petroleum Resource Rent Tax
The Petroleum Resource Rent tax (PRRT) is a profit-based tax levied by the Australian
Government on all petroleum producers. It has been applied to some offshore oil and
gas production since 1987, and in July 2012 the tax was extended to the NWS project
and onshore oil and gas production (ATO, 2016). All capital and operating expenditures
are deductible and carried forward, or ‘up-lifted’, at the long-term bond rate plus 5
percentage points. Exploration expenditures are up-lifted at the long-term bond rate plus
15 percentage points. These features of the PRRT mean that a project will not make
PRRT payments until it has earned sufficient income to cover capital and operating
costs, plus a rate of return equal to the uplift rate. As such, in any given year only the
more mature and profitable projects pay the PRRT. In addition, exploration expenditure
from one project can be offset against PRRT liabilities on other projects, further
reducing the number of companies that pay PRRT.
According to data published by the ATO (2016a), companies operating in WA that paid
PRRT in 2013-14 include BHP Billiton, Woodside, Mistui E&P (part of the MIMI joint
venture) and AWE. It is unclear which projects these payments related to, however.
With the information available, indicative effective PRRT tax rates can be estimated for
Woodside and AWE. In the year to 30 June 2014, Woodside paid $86 million in PRRT
[larger than Mistui E&P’s $63 million but smaller than BHP Billiton Petroleum
(Australia)’s $381 million, which likely includes payments from other projects].
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Woodside’s PRRT payments equate to around 3.1 per cent of its share of pre-tax NWS
profits39.
In its 2014 annual report, AWE (2014) states that it paid $10.2 million in PRRT in
2014, with a profit before tax of $96.4 million, implying an effective tax rate of around
9 per cent of pre-tax profits40.
However, since PRRT is an income tax, it is included in the tax expenditures reported in
the Company 360 database, together with company income tax. This is discussed below.
Income Tax
The effective income tax rate for gas-producing companies in WA can be estimated
from data included in the Company 360 database (Dun and Bradstreet Corporation,
2016). Effective income tax rates are first calculated as an average percentage of EBIT
over the years covered in the database. In general, this means that effective company
income tax rates should be below the 30 per cent statutory rate because interest
payments are deductible against company tax, but are not deducted from EBIT.
However, since oil and gas producers also pay PRRT, the effective tax rate can be
higher. Origin Energy and Tokyo Gas have the lowest effective tax rates, at 12-13 per
cent. AWE has the highest effective rate, at 45 per cent of EBIT, consistent with the
company’s high effective PRRT rate, as discussed in the previous section.41
Data is available for 17 of the 28 companies expected to be operating in the sector once
all WA gas projects are on line. These companies account for 93 per cent of anticipated
gas production in WA. The companies for which data is not available, mostly Japanese
utility companies, are assumed to pay the average tax rate, which is 29 per cent of
EBIT.

39

Pre-tax profits are estimated in the same way as described above, using Woodside quarterly reports to
find revenue and a before tax profit rate of 84 per cent, which is EBIT + royalties / revenue. Here the
EBIT rate of 72 per cent for the NWS project is used, as described previously.
40
Pre-tax profits before income tax and royalties, estimated using information that EBIT averaged 37 per
cent of revenues at AWE (Company 360) and royalties are 8.3 per cent of revenue (see above).
41
These tax rates are annual averages, using the longest times series that is available in the Company 360
database.
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Total effective tax rate
The total estimated effective tax rate, as a proportion of before tax profits, is shown for
the key companies in Figure 6.5 below. The total tax rates shown include Australian and
WA Royalties, the PRRT and company income tax.
Figure 6.5: Effective tax and royalty rates on profits from gas production, Australia,
2014
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Source: Authors’ calculations
Note: Tax rates are estimated as a proportion of EBIT plus Royalty payments

For the NWS JV partners, average tax rates range from 26 to 38 per cent of before tax
profits42. The data indicate that Woodside pays a greater rate of company income tax
and PRRT compared to the other companies. However, its average royalty rate is lower
because no royalties are charged on the Pluto project. The major foreign oil and gas
companies pay a relatively low proportion of before-tax profits as income tax, which
may be due to exploration43 activity undertaken by these companies in recent years. For
the companies involved in middle-sized gas projects, the main source of tax revenue is
corporate income tax.
The tax revenue that accrues to Western Australians is shown in Figure 6.6. Again, it is
shown as effective rates on before-tax profits for each company. Comparing the
Western Australian tax rates to the national rates in Figure 6.5 shows that Western
42

As defined previously, profits here refer to profits before income tax and royalties (equivalent to EBIT
plus royalties).
43
The Australian Corporate Income Tax includes an immediate write-off for costs incurred in undertaking
exploration activities (EY 2015, p32).
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Australians benefit from a relatively small share of tax revenues collected from gas
producers.
Figure 6.6: Effective tax and royalty rates on profits from gas production,
accruing to Western Australians, 2014
50%
40%
30%

4%

4%

4%

4%

Brookfield

Santos

4%

Macquarie

3%

CNOOC

Chevron

2%

MIMI

3%

Shell

3%

BP

4%

BHP Billiton

10%

Woodside

20%

0%

Income tax / PRRT

Royalty

Source: Authors’ calculations
Note: Tax rates are estimated as a proportion of EBIT plus Royalty payments

As discussed above, the Australian Government transfers around 65 per cent of
Australian Government Royalties to the Western Australian Government. The Western
Australian Government also levies its own royalty. However, the Commonwealth
Grants Commission (CGC) effectively transfers some of this revenue to other
Australian states, through its distribution of the Goods and Services Tax (GST)
revenues. The CGC adjusts each state’s GST revenue shares to offset any differences in
revenue raising capacity between states.44
The 2015 review of this system of Horizontal Fiscal Equalisation (CGC 2015) explains
that both sources of royalty revenue from Western Australia’s gas industry are treated
44

More correctly, the CGC aims to redistribute GST revenue so that, if each state engages in average
revenue raising effort (ie: levies the average tax rate) then it collects the average revenue per capita,
regardless of differences in the size of tax bases between states. The CGC does not attempt to equalise for
differences in revenue raising effort, so to the extent that Western Australia levies a higher than average
tax rate, it would have higher than average per capita revenue after redistribution. Western Australia is
deemed to be making average revenue raising effort in the category ‘Grants in lieu of royalties’ because
these revenues are determined by the Federal government. Information on revenue raising effort in
“onshore oil and gas royalties” is not available due to confidentiality reasons. However, in the broader
“mining revenue” category, Western Australia’s revenue raising effort levels are deemed to be close to
the average. Specifically, actual mining revenue raised is around only around 1 per cent higher than
assessed revenue between 2011/12 and 2014/15. Therefore, for simplicity, Western Australia is assumed
to receive its population share of mining revenue here. (CGC 2015)
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separately. The North West Shelf Grant is categorised as ‘Grants in lieu of royalties’. In
2013/14 Western Australia received over 99 per cent of revenues in this category, with
the Northern Territory receiving a small grant of $5 million. Thus, Western Australia
keeps its population share of these revenues, and the rest is redistributed to other states.
Western Australia is assessed as having 18.6 per cent of the revenue base for ‘onshore
oil and gas royalties’, and after the equalisation process, only around 58 per cent of
these revenues remain in the state45.
At the margin, if Western Australia raises additional revenue via an expansion of oil and
gas activity in the state, then it would keep its population share of this revenue: 11 per
cent. Therefore, this chapter assumes that Western Australians benefit from 11 per cent
of revenues from onshore royalties and the North West Shelf Grant.
It is also assumed that the federal government expenditure in Western Australia is in
proportion to its population so that the benefits of 11 per cent of Australian Government
tax revenues accrue to Western Australians.
6.1.4 Share of WA gas producers’ profits remaining in Australia
Australian and Western Australian households derive income from their ownership of
gas-producing companies and Australia’s governments derive tax and royalty revenue
from that production. The proportion of profit that remains in Australia must therefore
be higher than just the share of the company owned by Australians, because the taxes
and royalties remain wholly in Australia.
The share of a company’s profits that remain in Australia is calculated as follows:
𝐴𝑢𝑠𝑡𝑟𝑎𝑙𝑖𝑎𝑛 𝑠ℎ𝑎𝑟𝑒 𝑜𝑓 𝑝𝑟𝑜𝑓𝑖𝑡
𝑛

= ∑ 𝜋𝑖 [𝑡𝑖 + 𝑟𝑖 + 𝑠𝑖 (1 − 𝑘𝑖 )(1 − 𝑡𝑖 − 𝑟𝑖 )]

(6.3)

𝑖=0

where company i pays company income tax and PRRT at a rate of ti and royalties at a
rate of ri. The share ki of after tax profits are paid in interest to foreign lenders. A share
si of the remaining profits are paid to Australian equity-holders. The total Australian
share of industry-wide before tax profit is then the summation of this multiplied by the
company’s share of total industry profit, 𝜋𝑖 .
45

Based on 2013/14 figures published in Table 12 of the 2015 CGC Review Report. (CGC 2015, p112).
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Western Australia’s share can be calculated similarly, using the WA share rather than
the Australian share where appropriate. This is shown in Equation (6.4).
𝑊𝐴 𝑆ℎ𝑎𝑟𝑒 𝑜𝑓 𝑃𝑟𝑜𝑓𝑖𝑡
𝑛

(6.4)

= ∑ 𝜋𝑖 [𝑡𝑖𝑊𝐴 + 𝑟𝑖𝑊𝐴 + 𝑠𝑖𝑊𝐴 (1 − 𝑘𝑖 )(1 − 𝑡𝑖 − 𝑟𝑖 )]
𝑖=0

The result is that, in 2014, the share of profit from gas producers that accrued to
Australian households is estimated at 45 per cent and the WA share is 5 per cent, as
shown in Figure 6.7.
Figure 6.7: Share of profit from WA gas production, current
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Source: Authors’ calculations
Note: Tax rates are estimated as a proportion of EBIT plus Royalty payments

As new projects commence operations, the share of profits retained domestically will
decline, for two reasons. As discussed earlier, the four new projects, Gorgon
Wheatstone, Ichthys and Prelude, rely more heavily on foreign investment than existing
projects. Tax revenues are also likely to be lower for new projects because the new
projects do not appear to be subject to the Australian Government Royalty.
The commencement of the Gorgon and Wheatstone projects is expected to reduce the
share of profits accruing to Australians to 35 percent. The share for Western Australia
falls to 4 percent. When Prelude and Ichthys also come online the shares will become 33
per cent and 4 per cent respectively, as shown in Figure 6.8 below. These estimates
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exclude any potential increases in effective income tax rates that may occur when tax
deductions for depreciation and exploration expenses decline as the projects become
more mature.
Figure 6.8: Shares of profit from WA gas production, all projects operational
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Source: Authors’ calculations
Note: Uses historical effective tax rates, estimated as a proportion of EBIT plus Royalty payments

6.2 Gas Consumption
This section investigates the shares of profits from gas consumption in WA that are
retained within Australia and the state. After identifying the large gas consumers in the
state, their levels of foreign ownership are investigated. While the share of after tax
profits flowing to domestic owners of these companies is higher than for the production
side of the market, after taking tax payments into account, it is shown that the
Australian share of before tax profits from gas consumption is similar to the share from
gas production.
6.2.1 WA gas use by company
In 2014, 366 PJ of natural gas was produced for the domestic market (DMP, 2016),
which amounts to 24 percent of total production. Taking into account pipeline losses46,
2014 gas consumption is estimated at 359 PJ.

46

Estimates of pipeline losses are based on Core Energy Group (2013), adjusted to take into account
distance travelled along the Dampier to Bunbury pipeline to reach Perth.
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The large domestic gas users located within WA report their daily gas consumption to
the Independent Market Operator (IMO), which publishes this data on the Gas Bulletin
Board (IMO 2015). Total consumption from the 36 facilities reporting in 2014 was
310 PJ, or 86 per cent of the State’s total gas consumption. Thus, these data give good
coverage of the demand side of the State’s gas market.
Figure 6.9: WA gas consumption
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Source: Authors’ calculations based on IMO 2015, DMP 2016 and BREE 2014.

Alumina refineries are the state’s main gas consumer – together Alcoa’s three alumina
facilities plus Worsley Alumina’s plant account for 28 per cent of WA gas consumption,
as shown in Figure 6.9 above, and as also presented in Chapter Two. Together, 13
different electricity generators use 26 percent of WA domestic gas. Mining operations
use 18 per cent, and two ammonia plants use 10 per cent. Less than 2 percent of gas use
in Western Australia is used by residences (BREE 2014). Details on the largest
individual gas-using facilities are tabulated below.
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Table 6.3: WA’s gas consumers
2014
Consumption
Company
Alcoa

PJ
30.3

%
8.5%

28.4

7.9%

Alcoa

Facility
Alcoa Pinjarra
Yara Pilbara Liquid
Ammonia Plant
Alcoa Wagerup

26.0

7.2%

Alcoa

Alcoa Kwinana

24.8

6.9%

Alinta
South32, Japan Alumina, Sojitz
Alumina
ICG, Sumitomo

Pinjarra Cogeneration

22.8

6.4%

Worsley Alumina

18.6

5.2%

NewGen Kwinana CCG1

16.6

4.6%

Synergy, Origin Energy

Worsley Cogeneration

11.8

3.3%

Rio Tinto

Yurrali Maya Power Station 10.7

3.0%

Wesfarmers

CSBP Ammonia Prod. Fac.

9.2

2.6%

Alinta

Port Hedland Power Station

8.2

2.3%

Synergy

HEGT

7.9

2.2%

Synergy

Cockburn Power Station

7.8

2.2%

Synergy

Pinjarra Power Station

7.7

2.1%

Other large users

79.6

22.2%

Small users

41.4

11.5%

Residential
Total

7.2
358.8

2.0%
100%

Yara Pilbara Holdings

Source: Authors’ calculations based on IMO 2015, DMP 2016 and BREE 2014.

6.2.2 Australian ownership of large gas users
Australian and foreign ownership shares of Western Australia’s large gas consumers are
estimated in a similar way as for gas producers. The table below shows the estimated
proportion of after tax profits that accrue to Australians and Western Australians for
each company. A key difference from the production side is that two electricity
producers are wholly-owned by the WA Government: Synergy and Horizon Power. All
of the profits from these corporations therefore accrue to Western Australians.
As discussed earlier, it is estimated that Australians own 61 per cent of all equity issued
on the ASX, and the domestic ownership of equity in each company is adjusted
accordingly.
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Table 1: Domestic share of after-tax profits from gas-using companies
share
WA
implied
debt
equity equity
Company
gov’t
Aus
share share ASX
share
share
listed
Alcoa
0%
6%
94%
40%
24%

implied
WA
share
3%

Alinta

0%

74%

26%

0%

0%

0%

Synergy

100%

NA

NA

NA

100%

100%

Yara Pilbara Holdings Ltd
South32, Japan Alumina
Associates, Sojitz
Alumina
ICG, Sumitomo

0%

44%

56%

0%

0%

0%

0%

63%

37%

74%

36%

4%

0%

35%

65%

50%

27%

3%

Wesfarmers

0%

23%

77%

100%

56%

6%

Rio Tinto

0%

6%

94%

17%

10%

1%

BHP Billiton

0%

24%

76%

50%

28%

3%

RATCH

0%

73%

27%

20%

9%

1%

TransAlta

0%

30%

70%

17%

10%

1%

Newcrest

0%

12%

88%

100%

58%

6%

Citic Pacific Mining

0%

25%

75%

0%

0%

0%

Origin Energy

0%

20%

80%

100%

57%

6%

Horizon Power

100%

NA

NA

NA

100%

100%

Glencore

0%

23%

77%

0%

0%

0%

EDL LNG

0%

70%

30%

100%

47%

5%

BP

0%

39%

61%

0%

0%

0%

Fortescue

0%

35%

65%

100%

54%

6%

Source: See Table A3 in the appendix.

In contrast to gas-producing companies, gas-consuming companies do not issue all of
their debt overseas. According to ABS data, foreign investors own 33 per cent of debt
issued by Australian-based companies. In line with this, 67 per cent of interest payments
by Australian-listed companies are assumed to flow to Australians. Foreign-listed
companies are assumed to issue their debt overseas, and those listed on more than one
stock exchange are assumed to issue domestic debt in proportion to their ASX listing.
Again, WA ownership is found by scaling the domestic ownership share in line with
WA’s share of national population.
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6.2.3 Taxes on gas users
In contrast to gas producers, the key tax paid by gas-using companies is company
income tax. The effective tax rate paid by gas consuming companies is again estimated
using Company 360 data (Dun and Bradstreet Corporation 2016), which includes data
for companies comprising 82 percent of the large gas consumers identified in the GBB
data. In all cases, information from Australian subsidiaries are used and, in some cases,
very specific data was available47. Information is not available for ICG and Sumitomo,
which jointly own electricity generation plants, so the average tax rate for other gas
users, of 19 per cent, is used.
Figure 6.10 shows the effective tax rate, as a proportion of profits48, for key gas
consumers in the state. Comparing this chart of Figure 6.5 shows that gas producers
generally pay higher effective tax rates, due to royalties and PRRT.
Figure 6.10: Estimated effective tax rates for gas consumers
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Source: ATO 2015
Note: *South32 Aluminium (Worsley) Pty Ltd, **Hamersley Iron Pty. Limited, †BHP Billiton
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Again, Western Australian residents are assumed to benefit from 11 percent of these
Australian Government revenues, as discussed in section 6.1.3. Electricity generators
47

For example, data was used for South32 Aluminium (Worsley) Pty Ltd, Hamersley Iron Pty. Limited
(Rio Tinto), BHP Billiton Minerals Pty Ltd.
48
Here profits are defined as before-tax profits. In contrast to the production side of the market, most gas
consuming businesses do not pay royalties, and so before tax profits are equivalent to the accounting
concept of earnings before interest and tax (EBIT). To the extent that mining companies, such as BHP
Billiton, pay royalties, the tax rates estimated in Figure 6.10 will be an overestimate.
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Synergy and Horizon Power are owned by the State Government and pay an ‘income
tax equivalent’ to the WA Treasury, rather than paying income tax to the Australian
Government. Therefore, all revenue from these Government-owned entities belongs to
the WA Government.
6.2.4 Share of WA gas users’ profits remaining in Australia
Australian households derive income from their collective share of the profits of gasconsuming firms and from tax revenues. They also derive benefits from directly
consuming gas.
The overall share of these benefits should take into account both the relative size of
each gas-using company and the relative importance of gas as an input to each
company’s production. Thus, the proportion of before tax profits accruing to Australian
households from each gas company is weighted by its share of state gas consumption49.
The overall share of before tax profits of WA gas users that flows to Australian
households is calculated as follows:
𝐴𝑢𝑠𝑡𝑟𝑎𝑙𝑖𝑎𝑛 𝑠ℎ𝑎𝑟𝑒 𝑜𝑓 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑏𝑒𝑛𝑒𝑓𝑖𝑡𝑠
𝑛

= ∑ 𝑐𝑗 [𝑡𝑗 + (𝑠𝑗 𝑘𝑗 𝑤𝑗 + 𝑠𝑗 (1 − 𝑘𝑗 )) (1 − 𝑡𝑗 )]

(6.5)

𝑗=0

where cj refers to company j’s share of WA gas consumption and tj refers to its effective
tax rate. After-tax profits accruing to Australians depend on sj, the share of equity
owned by Australians kj, the interest share of after-tax profits and wj, the proportion of
domestically issued debt that is owned by Australians. All of the benefits of direct gas
consumption by Western Australian households are assumed to accrue to the consumers
themselves.
Overall, 45 per cent of the benefits from gas-use in WA accrue to Australian
households. Western Australia’s corresponding share is 16 percent, as shown in
Figure 6.11.

49

This means that equation (6.5) is equivalent to the share of profit from gas consumers accruing to
Australians if the profits attributable to each company’s consumption of gas are in proportion to its gas
consumption.
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Figure 6.11: Shares of before tax profit from WA gas use
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Source: Authors’ calculations

6.3 Net impact of the reservation policy for Australians and
Western Australians
The estimates of Australian and Western Australian shares of profits developed in this
chapter can be used to establish the impact of the domestic gas reservation policy on the
incomes, and living standards, of domestic residents. Chapter five investigated the
overall effects of the reservation policy as it has been applied to the Gorgon and
Wheatstone projects, and this section determines how this affects Australian and
Western Australian incomes.
Again, it is important to emphasise that these results do not, by themselves, show the
benefit of gas projects to the Australian economy. For example, they exclude benefits
for wages during the production stage of the projects, and ignore the impact of their
construction.
Loss in Australian producer surplus from the reservation policy
The loss that the domestic gas reservation policy imposes on Australian households, via
reduced producer surplus for gas suppliers, is estimated on a project-by-project basis.
First, the share of profits flowing to Australians and their governments is estimated for
each project based on the information compiled in section 6.1, and shown in
Figure 6.12.
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The Gorgon and Wheatstone projects have the lowest proportion of their profits flowing
to Australians, largely in the form of tax payments, at 23 and 29 per cent respectively.
These projects bear the direct impact of the policy, since they must sell a proportion of
their gas on the lower-priced domestic market rather than on the export market.
Figure 6.12: Share of before tax profit from WA domestic gas production accruing to
Australians
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Source: Authors’ calculations

As discussed in Chapter 5, the additional supply of gas on the domestic market
suppresses the domestic gas price, which reduces the producer surplus of all other
projects operating in the market. The estimates in Figure 6.12 indicate that a relatively
high proportion of the lost producer surplus from these projects would have flowed to
Australian households and their governments. Around 50 per cent of producer surplus
from the two largest projects, the NWS and Varanus Island, flow to Australians.
Overall, based on the producer surplus lost by each project, it is estimated that 40 per
cent of the loss from the domestic gas reservation policy on Gorgon and Wheatstone is
borne by Australian households and their governments. Around 5 per cent of this loss is
borne by Western Australia.
Gain in Australian consumer surplus from the reservation policy
As in Chapter 5, the loss in producer surplus should be weighed against the gain for gas
users in Western Australia. The previous section showed that around 45 per cent of the
benefits of gas consumption in Western Australia flows to Australian households and
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their governments. Around 16 per cent of the benefits flow directly to Western
Australia. This is a relatively high proportion because the State Government owns major
electricity producers, Synergy and Horizon.
However, in determining the distribution of the benefits of lower domestic gas prices,
consideration must go to the incidence of this price change. First, consider the impact of
lower gas prices on trade-exposed industries, such as the alumina refineries50. Since a
lower domestic gas price in Western Australia is unlikely to affect the global price of
Alumina, this market approximates one with a perfectly-elastic demand curve, as in
Figure 6.13. In this case, the benefits of a lower gas price accrue entirely to the Alumina
producers. The lower gas price shifts the supply curve to the right, since any level of
production can be achieved at a lower cost, and the gain to the producer is represented
by the shaded area.
Figure 6.13: A stylised market for a trade-exposed good
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Of the gas users identified in Figure 6.9, the alumina, mining, ammonia and minerals
processing sectors, together with ‘other large producers’51, are likely to face highly
elastic demand curves. Therefore, the benefits of lower gas prices can be assumed to
flow directly to the owners of these firms. The Australian and Western Australian
ownership of these firms were estimated in the previous section.
Alumina is produced from bauxite at Alcoa’s three alumina refineries, which is then either directly
exported or used to produce Aluminium at Alcoa’s smelters outside Western Australia (Alcoa, 2016).
51
This category includes the BP Oil Refinery, the Maitland LNG Plant and Wesfarmers gas facilities.
50
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On the other hand, when Western Australians directly use the natural gas, the benefits of
a lower price accrue entirely to these households.
The distribution of benefits from lower gas costs for the electricity sector is less
obvious. Electricity generally has a very low elasticity of demand, and the electricity
market could be stylistically represented using a perfectly inelastic demand curve, as
shown in Figure 6.14. With an additional assumption that the proportions of different
fuels used to generate electricity are fixed, the demand for natural gas to generate
electricity would also be inelastic. In this case, when a lower domestic gas price lowers
the cost of producing electricity, the gain is completely passed on to electricity
consumers in the form of lower electricity prices. Thus, the electricity consumers gain,
rather than the producers. If fuel switching is possible, the benefits of lower gas prices
would be partly offset by losses in producer surplus for owners of alternative generating
sources. These losses are ignored in the following discussion since the necessary
information to assess them is not available.
Figure 6.14: A stylised market for a good with perfectly inelastic demand
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Under these assumptions, to assess the impact of the domestic gas reservation policy on
Australian and Western Australian living standards, the gain to electricity consumers
must be assessed. Figure 6.15 shows electricity use by industry in Western Australia.
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Figure 6.15: Electricity consumption in Western Australia (2013/14)
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Trade-exposed industries including agriculture, mining and manufacturing make up 59
per cent of total electricity use. Therefore, as with direct gas use, we can assume that the
owners of these firms capture any benefit from lower electricity prices to these
industries52. By contrast, for the remaining domestically-oriented industries, which
make up 25 per cent of total electricity use, any benefit from lower electricity prices is
likely to be shared between producers and consumers, since demand in these industries
is likely to be price sensitive, but not perfectly elastic. For these industries, it is assumed
that producers and consumers share the benefits equally53. The benefits of lower
electricity prices for residential users flow directly to Western Australian households.
Ideally, this analysis would be conducted using an Input-Output or Computable General
Equilibrium model. However, since such an analysis is beyond the scope of this thesis,
the simplifying, but reasonable, assumptions outlined above are used to determine who
benefits from a lower domestic gas price, and therefore the extent to which Australian
households benefit from the domestic gas reservation policy.
With these assumptions, the overall benefit to Australians from lower gas prices is
estimated to be 43 per cent of the increase in consumer surplus. This is similar to the
52

Domestic ownership of these firms is assumed to be in line with the data collected for gas consumers in
section 6.2.
53
ABS data is used to estimate the proportion of output from utilities, transport and services that is
consumed by government and households. The firms consuming the remainder of these services are
assumed to have the same average domestic shares as gas users as a whole, which is 38 per cent.
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estimate of 45 per cent presented in 6.2.4, meaning that taking into account the benefits
accruing to electricity consumers does not materially affect the Australian share of
benefits.
In contrast, taking into account the benefits that accrue to electricity consumers does
affect the estimated share of the benefits accruing to Western Australians. This is
because electricity generation is dominated by government-owned entities, whereas
Western Australians make up a somewhat smaller share of electricity consumers. After
considering benefits to electricity consumers rather than producers, the Western
Australian share is smaller, at 11 per cent rather than the 16 per cent estimated in
section 6.2.4.
Thus, the overall deadweight loss from the reservation policy, as it applies to the
Gorgon and Wheatstone projects, can be revised to assess the impact on Australian
residents. Figure 6.13 reproduces the estimates of the deadweight loss from the policy
contained in Figure 5.6, adding the estimated gain and loss to Australian households and
their governments.
Figure 6.13: Economic impacts of domestic gas reservation for G&W, annual, $billion
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Source: Author’s calculations from the Natural Gas Industry model of Chapter Four
Note: Results are the percent deviation in the ‘G&W – Reservation Policy’ scenario relative to
the ‘G&W – No Reservation Policy’ scenario

Australians are expected to gain an annual $0.5 billion when the lower domestic gas
prices benefit gas users in Western Australia. However, Australians are also expected to
lose $0.7 billion each year due to the reduced producer surplus of gas producers. Thus,
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the net loss to Australian households and their governments is $0.2 billion each year.
This Australian analysis can be repeated to test the sensitivity of the result to different
export prices, as was done in section 5.3. The results in Figure 6.14 show that the losses
to Australians from the policy outweigh the gains for a wide range of export prices.
Figure 6.14: Deadweight loss from domestic gas reservation for G&W, annual, $billion
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Source: Author’s calculations from the Natural Gas Industry model of Chapter Four
Note: Results are the percent deviation in the ‘G&W – Reservation Policy’ scenario relative to
the ‘G&W – No Reservation Policy’ scenario, each assuming perfect competition.
LNG prices are in AUD per GJ, FOB.

In contrast to the national level, Western Australia’s share of the benefits from gas
consumption, at 11 per cent, is higher than its share of the loss to gas producers, at 5 per
cent. A key factor accounting for this high share is the large proportion of domestic gas
that is used for electricity generation, and in turn, the large proportion of domestic
electricity users. As a result, while the reservation policy imposes costs on the
Australian economy as a whole, there is a very small net benefit to Western Australians
from the domestic gas reservation policy applied to Gorgon and Wheatstone, of around
$50 million each year, as shown in Figure 6.15. However, this net gain is very small,
and is equivalent to only 0.05 per cent of 2014 WA household consumption
expenditure54.

54

ABS Cat No. 5220.0 Australian National Accounts: State Accounts, Table 6.
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Figure 6.15: Deadweight loss from domestic gas reservation for G&W, annual, $billion
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The small size of the estimated net gain to Western Australia indicates that the result is
likely to be sensitive to the particular circumstances and assumptions made in this
chapter. For example, while these results show the effect of imposing domestic
reservation requirements on the Gorgon and Wheatstone projects, a reservation
requirement on a project with a greater proportion of domestic ownership, such as the
North West Shelf project, could lead to a net loss for Western Australians. In addition,
the results do not include any loss in producer surplus from the reduced incentive to
invest in new gas extraction projects, and many other simplifying assumptions outlined
through the analysis.
Similarly, if the structure of gas use in Western Australia were to change as a result of
the reservation policy – for example if a large foreign-owned gas-using facility were to
be constructed to take advantage of the lower gas prices in the state – then the Western
Australian share of the consumer gain would be lower than estimated here.
Therefore, although this chapter has calculated that there may be a small gain in
Western Australia from the reservation policy, there is substantial uncertainty attached
to this result.

6.4 Chapter summary
Australians benefit substantially from the development of domestic gas resources.
Specifically, Australians are estimated to have received around 45 percent of before-tax
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profits from gas production in WA in 2014. This proportion is high, partly because of
the involvement of a number of Australian-listed companies in WA gas production. In
addition, gas producers pay taxes, such as royalties and PRRT, which are considered to
be compensation for allowing the depletion of natural resources. Australian and WA
royalties contribute 9 percentage points to the 45 percent of before-tax profits remaining
in Australia. The corresponding share that flows to Western Australians is estimated at 5
per cent.
Figure 7.4: Share of producer and consumer surplus accruing locally
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Once Gorgon, Wheatstone, Prelude and Ichthys have commenced operations, the
proportion of total profits accruing to Australians is likely to fall to 33 per cent, since
these projects are largely foreign-owned and pay no royalties55. However, the share of
profits from domestic gas supply that accrues to Australians remains high, at 45 per
cent, with 5 per cent to Western Australians.
Similarly, around 43 per cent of the benefits of gas consumption in WA accrue to
Australians56. Only a very small proportion (2 per cent) of gas is consumed directly by

55

This estimate excludes any increases in the effective rate of PRRT that may occur once these projects
mature.
56
This estimate considers the share of benefits to electricity consumers from lower gas prices, as
discussed in section 6.3.
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households. Government-owned electricity generators account for an additional 10 per
cent of WA’s gas consumption57.
Based on these estimates, the overall share of profits from gas production that accrue to
Australians is as high as the share benefits from gas consumption that accrue to
Australians. Consequently, at the national level, the domestic gas reservation policy
cannot be characterised as a transfer of income from foreign to Australian investors.
After evaluating the loss on a project-by-project basis, the analysis in this chapter found
that Australians are worse off by $200 million each year as a result of the reservation
policy on the Gorgon and Wheatstone projects.
On the other hand, the Western Australian share of profits from gas production is small,
at around 5 per cent, compared to the share of benefits that Western Australians receive
from gas consumption, which is around 11 per cent. This is because Western
Australians make up a significant proportion of electricity consumers who benefit from
lower electricity prices. Hence, this chapter has estimated that imposing the reservation
policy on the Gorgon and Wheatstone projects leads to a very small gain, of an annual
$50 million, to Western Australian households. However, such a small net gain relies on
the particular circumstances and assumptions made, and is likely to be within the
margin of error.
WA’s gas industry demonstrates the importance of foreign investment to Australia’s
economy. The four projects commencing operation in coming years – Gorgon,
Wheatstone, Prelude and Ichthys – rely heavily on foreign investment. With these new
projects online, the proportion of profits remaining in Australia is likely to be smaller,
around 34 per cent. However, openness to foreign investment enables the construction
of large gas-producing facilities that may not otherwise go ahead.
Understanding the share of profits that accrue to Australian and Western Australian
residents, including tax payments to governments, is important for gauging the
contribution of the industry to domestic living standards. A full assessment of this
benefit would include the effect of the construction phase for gas-producing projects (or
gas-using projects). The construction phase of WA’s new gas projects is known to have

57

While issues relating to government ownership of utilities are not addressed in this research, if these
electricity generators were operated privately, the Australian share of profits from gas consumption would
likely be smaller, although Australians would benefit from the revenue received from selling the assets in
the first place.
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generated substantial additional employment and economic activity in the state. A full
study of the benefits of gas production would take this into account, and likely find
greater benefits for Australian and Western Australian households than implied by the
estimates in this chapter. This is left as a question for future research. This chapter has
focussed instead on the flow of profits that act as necessary payments to attract the
foreign investment in the domestic industry that otherwise likely would not have
occurred.
This chapter has also provided information that can be used to evaluate the extent of
market power in the WA gas market. On the supply side, the data shows that the NWS
project dominates current domestic gas supply, but that the project’s share will fall with
the commencement of the Gorgon and Wheatstone projects. While the number of
companies participating in the gas market is larger than the number of projects, the data
compiled for this project shows that Woodside is currently the most important player,
accounting for 30 per cent of the state’s overall gas production and 24 per cent of
domestic gas production. The demand side has an equally large player, with Alcoa
consuming 23 per cent of the gas used within the state. This information can be helpful
to policy decisions aimed at improving the level of competition on the WA gas market.
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Chapter Seven:
Conclusion
The Western Australian Government introduced the domestic gas reservation policy in
2006, under which it requires LNG exporters to supply the equivalent of 15 per cent of
their gas exports to the domestic market. This thesis has shown that this policy has
caused an economic loss for the Australian economy as a whole, and that Australians
are worse-off as a result. While there may be a very small gain to Western Australians,
this estimate depends crucially on specific circumstances and assumptions, and is within
the margin of error.
The Western Australian Government may have introduced the reservation policy with
the intention of improving the security of gas supply or maintaining lower domestic gas
prices than otherwise. However, given the large endowment of gas reserves close to
Western Australia, the relevant issue is not physical scarcity, but the price that domestic
gas users must pay to gain access to the gas. In addition, some proponents of the policy
are concerned that a lack of competition on the supply side of the Western Australian
domestic gas market could otherwise result in lower levels of gas supply and domestic
prices that are above LNG netback prices.
The Western Australian domestic gas market is currently facing low domestic demand
growth and over-capacity. Therefore, in the absence of the reservation policy, it is
unlikely that producers with the option to export their gas would choose to construct
additional domestic production facilities. Therefore, the policy can be considered
binding for new LNG projects in Western Australia. Furthermore, since the policy
results in lower utilisation of existing domestic gas plants, it could be seen as wasteful
of capital. The cost of the existing facilities is sunk and it would make sense to continue
to use them rather than allocating scarce capital to ‘replace’ them.
To date, domestic supply requirements have been imposed on the Gorgon, Wheatstone,
North West Shelf and Browse projects. This thesis has focussed on estimating the
economic loss caused by the policy as imposed on the Gorgon and Wheatstone projects,
which are currently constructing domestic gas facilities in order to fulfil their domestic
supply obligations.
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Other studies are generally limited to qualitative analysis of the impact of reservation
policies, including ACIL Allen (2014) and the Economic Regulatory Authority (2014),
which conclude that such policies are likely to cause a net economic loss. These studies
characterise the policy as a simultaneous tax on gas producers and subsidy on domestic
consumers. Since, individually, taxes and subsidies are both detrimental to living
standards, the reservation policy will also have a negative impact on household welfare.
There are two quantitative studies of reservation policies in the eastern states, by
Deloitte Access Economics (DAE, 2013) and the Productivity Commission (PC, 2015).
Both find that reservation policies are detrimental to the overall economy. While the
DAE study is based on economy wide modelling, it does not incorporate any of the
special features of the gas industry. The Productivity Commission constructs a detailed
model of the gas market in the eastern states, but relies on the assumption that producers
are perfectly competitive, which is not appropriate for Western Australia.
The elemental, but systematic, analysis in Chapter Three shows that the deadweight loss
from a domestic reservation policy can be divided into two parts. This is shown in
Figure 7.1, which reproduces Figure 3.5.
Figure 7.1: Gas market under the reservation policy
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See Chapter 3 for a full discussion of this figure.

Firstly, reservation policies impede overall gas production. The additional volumes
supplied on the domestic market force all producers to accept a lower domestic price
than otherwise . In the long run, firms reduce output until the weighted average of the
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domestic price, PD, and export price, PW, is equal to the marginal cost of production.
The loss caused by this implicit tax on producers is the shaded triangle on the righthand-side of Figure 7.1.
Secondly, diverting gas from the export market to the domestic market results in
foregone income for the Australian economy. The price that domestic gas users are
willing to pay for gas indicates the value of that gas to the Australian economy. Thus,
when the reservation policy supresses the domestic price below the export netback
price, this indicates that at the margin, the value of gas to domestic users is lower than
the value of that same gas if it were sold on the export market. Thus, the Australian
economy as a whole bears an opportunity cost from this diversion because the value of
gas is lower than otherwise. The loss caused by this implicit subsidy is the shaded
triangle on the left-hand-side of Figure 7.1.
The analysis in Chapter Three also uncovered a proportional relationship between the
implicit tax on gas producers, t, and subsidy for consumers, s, which is independent of
the shape of the demand and supply functions. Specifically, when the reservation policy
reduces the domestic gas price below the export netback price, the tax on gas production
equals this price difference multiplied by the proportion of supply reserved for domestic
use.
Using the elemental model developed in Chapter Three, the size of the deadweight loss
caused by WA’s domestic gas reservation policy is estimated to be between $0.14 and
$1.4 billion each year, depending on export prices. The present value of these losses is
between $2.3 and $22.8 billion. However, this analysis abstracted from many of the
important features of the gas market in Western Australia. Therefore, in Chapters Four
and Five, more sophisticated and realistic modelling has been undertaken.
A detailed partial equilibrium model of the Western Australian gas market, the Natural
Gas Industry (NGI) model, was developed in Chapter Four. The NGI models the supply
decisions of the each of the ten WA gas projects separately. It reflects the key
characteristics of the market, including the large fixed costs and capacity constraints
faced by gas producers. It also takes into account the market power held by each
project, where the extent of market power depends on the project’s market share and the
elasticity of demand. The NGI model has been calibrated to the Western Australian gas
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market, using data from a wide range of sources, so that the output of the model
reproduces the 2014 database exactly.
For all ten projects represented in the model, marginal extraction costs are relatively flat
over low levels of production, but increase rapidly as extraction becomes closer to the
project’s maximum potential extraction levels. This can be seen in the shape of the
marginal cost curve for an example project in Figure 7.2.
Each project recognizes its oligopolistic market power on the domestic market. As
domestic gas projects with a large market share (Varanus Island, Macedon and Devil
Creek) increase their output, the domestic price will decline. This results in downwardsloping marginal revenue curves for these projects, as shown in the example project
depicted in Figure 7.2 below. For this project, profit-maximising domestic supply
occurs where marginal revenue is equal to marginal cost, at a little over 100 PJ per year.
However, the model does include a constraint on production volumes imposed by the
project’s processing capacity, as also shown in Figure 7.2.
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Figure 7.2: Marginal revenue and marginal cost curves for an example domesticoriented project
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Smaller domestically-oriented projects (Beharra Springs, Red Gulley and Dongara) face
almost-horizontal marginal revenue curves because of their small market share, in
contrast to the project shown in Figure 7.2. These onshore projects also have higher
variable costs than their offshore counterparts. Export-oriented projects (Pluto) face
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horizontal marginal revenue curves because WA projects are assumed to have no
influence on the international LNG price. Finally, projects that supply both the export
and domestic markets (North West Shelf, Gorgon and Wheatstone) tend to supply
exports to their maximum LNG processing capacity, since marginal revenue is greater
than their marginal cost on the export market. Their domestic supply levels are
determined by binding constraints that specify either the level of domestic supply or a
minimum ratio of exports to domestic supply, under the reservation policy.
The NGI model has some parallels to a model of the eastern Australian gas market
presented by the Department of Industry, Innovation and Science (DIIS) (2015a). In this
model, gas suppliers also interact as a Cournot oligopoly, although the level of market
power at a particular ‘supply node’ is determined exogenously. In contrast, market
power in the NGI model is determined endogenously, as the outcome of a profit
maximization problem. DIIS also includes a stylized representation of how extraction
costs increase as reserves are depleted.
The NGI model has been used to estimate the economic impact of Western Australia’s
domestic gas reservation policy as applied to the Gorgon and Wheatstone projects.
When these two new projects are required to open domestic plants, the additional supply
on the domestic market pushes the domestic price lower than it would otherwise be. The
model estimates that new domestic contract prices would be around $6.1 per GJ, which
is in-line with IMO (2015a) estimates of 2016/17 prices for new contracts.
This results in a direct loss of profits for the Gorgon and Wheatstone plants, since they
must sell their gas at lower prices than otherwise. The lower prices also reduce the
profitability and output of every other project operating in the Western Australian
domestic market. Thus, the policy inflicts losses through the two channels identified in
Chapter 3: production levels are lower than without the policy; and an opportunity cost
is imposed because gas is sold a lower prices than otherwise. On the other hand, gas
users in WA benefit because they pay a lower price for gas than otherwise. Overall, the
estimated $1.9 billion loss to producers is larger than the $1.2 billion gain to consumers,
and the overall deadweight loss to the Western Australian economy is estimated at an
annual $0.7 billion, as shown in Figure 7.3.
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Figure 7.3: Economic impacts of domestic gas reservation for G&W, annual, $billion
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Source: Author’s calculations from the Natural Gas Industry model of Chapter Four
Note: Results are the percent deviation in the ‘G&W – Reservation Policy’ scenario relative to
the ‘G&W – No Reservation Policy’ scenario
See Chapter 5 for a full discussion of this figure.

When this result is tested for a range of LNG export prices, the net loss ranges from an
annual $1.1 billion to $0.3 billion. If the market were to be perfectly competitive rather
than a Cournot oligopoly, then the net loss would be higher, ranging from $1.5 to $0.5
billion annually, depending on LNG prices.
The Australian economy relies on overseas investors to fund a significant proportion of
investment in its capital stock. Thus, a share of the before-tax profits from both the
supply and demand side of the Western Australian gas market flows overseas as
payment for this capital. Since this can affect the distribution of the benefits and losses
from the domestic gas reservation policy, a detailed investigation into the proportion of
consumer and producer surplus that flows overseas was undertaken in Chapter Six.
The share of producer and consumers surplus in the gas market that accrues to
Australians and Western Australians is shown in Figure 7.4. Either directly through
share holdings or indirectly through tax payments, around 45 per cent of before-tax
profits from gas producers accrued to Australian households and their governments in
2014. Western Australians are estimated to have received 5 per cent. With the
commencement of Gorgon, Wheatstone, Prelude and Ichthys, this share falls to 33 per
cent for Australians and 4 per cent for Western Australians, due to the high proportion
of foreign investment in these projects, and the absence of royalties. Domestic gas
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producers have a higher domestic ownership share, and 45 per cent of before-tax profits
from these projects accrue to Australians, with 5 per cent flowing to Western
Australians.
The benefits of lower domestic gas prices accrue to Western Australian households who
directly consume gas, electricity consumers in the state who benefit from lower
electricity prices, industrial users in trade exposed industries, and other domestic
industries. Considering the benefits to each type of gas user, it is estimated that 43 per
cent of the benefits of lower domestic gas prices accrue to Australians, while 11 per cent
of the benefits accrue to Western Australians.
Figure 7.4: Share of producer and consumer surplus accruing locally
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operating in WA in 2014
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Domgas consumption: Share of producer and consumer surplus that accrues to Australians from
gas users in WA
See Chapter 6 for a full discussion of this figure.

The loss caused by the domestic gas reservation is different for each project. Therefore,
the domestic share of producer surplus for each project has been applied to the loss from
each project, as estimated in Chapter Five. The result is that 40 per cent of the loss from
the domestic gas reservation policy on Gorgon and Wheatstone is estimated to be borne
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by Australian households and their governments. Around 5 per cent of this loss is borne
by Western Australia. On the other hand, around 43 per cent of the gain in consumer
surplus accrues to Australians, and 11 per cent to Western Australians, as shown in
Figure 7.4.
Applying these proportions to the changes in consumer and producer surplus reveals
that, overall, the Australian population as a whole is estimated to lose $0.2 billion each
year from the domestic gas reservation policy, as shown in Figure 7.5.
On the other hand, Western Australians are estimated to receive a very small net gain
from the reservation policy. However, the small size of the estimated net gain indicates
that the sign of the outcome is likely to be sensitive to the particular circumstances and
assumptions made. For example, a reservation requirement on a project with a greater
proportion of domestic ownership, such as the North West Shelf project, could lead to a
net loss for Western Australians. In addition, the results do not include any loss from the
reduced incentive to invest in new gas extraction projects. Another caveat is that the
structure of gas use in Western Australia is assumed to remain unchanged in response to
the reservation policy. Finally, although the analysis in chapter six is more detailed than
any other work undertaken to date, it has been necessary to make a number of
simplifying assumptions. Therefore, the small gain estimated for Western Australia may
be considered within the margin of error.
Figure 7.5: Economic impacts of domestic gas reservation for G&W, annual, $billion
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Overall economic loss
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To conclude, this thesis has found that Western Australia’s domestic gas reservation
policy imposes an overall net loss of around $700 million each year. The Australian
share of this deadweight loss is estimated to be $200 million. Although Western
Australians are estimated to gain $50 million each year, this gain is negligible and
within the margin of error.
These results imply that the Western Australian government should remove the
domestic gas reservation policy, because it imposes a net loss for Australian households,
and any potential gain to Western Australians is not guaranteed. For the same reason,
other state governments and the federal government should refrain from implementing a
reservation policy, or any similar restrictions on export volumes.
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Appendices
Appendix I: The Elemental Economics
This appendix presents further information to the analysis in Chapter Three, including
detail on the implied tax and subsidy rates as well the formula for the deadweight loss.
PD is lower than PW under domestic gas reservation
The relationship between PD, PW, 𝛼 ∗ and 𝛼̅ is derived to show that the domestic price is
lower than the export price under the reservation policy. From the demand curve, 𝑃𝐷 =
𝑏 − 𝑚𝛼̅𝑆 in the presence of the gas reservation policy. Substituting in the condition for
𝑆 from Equation (3.9) gives:
𝑃𝐷 (1 +

𝑚 2
𝑚
𝑚
𝛼̅ ) = 𝑏 + 𝑐 𝛼̅ − 𝛼̅(1 − 𝛼̅)𝑃𝑊
𝑛
𝑛
𝑛

(A.1)

Equation (3.6) can be rearranged to find the parameter b. Substituting this into
Equation A1 yields:

𝑃𝐷 = 𝑃𝑊 +

𝑚⁄
𝑛
(𝛼 ∗ − 𝛼̅)(𝑃𝑊 − 𝑐)
(1 + 𝑚⁄𝑛 𝛼̅ 2 )

(A.2)

The term (𝑃𝑊 − 𝑐) is always positive for a gas market where it is worthwhile to
produce the first unit of gas. This equation implies that 𝑃𝐷 will be less than 𝑃𝑊
whenever the domestic gas reservation policy is binding, or 𝛼̅ > 𝛼 ∗ . When 𝛼̅ = 𝛼 ∗ ,
then 𝑃𝐷 will equal 𝑃𝑊 , as in the undistorted market.
Deadweight loss
The deadweight loss from the imposition of the domestic gas reservation policy is the
loss in producer surplus, net of any gain in consumer surplus.
Figure A.1 shows the undistorted equilibrium, denoted by an asterix, and the
equilibrium in the presence of the domestic gas reservation policy, denoted by a bar.
The implicit tax and subsidy rates are also marked.
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Figure A.1: Gas market under the reservation policy
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The loss in producer surplus, ∆𝑃𝑆, is the loss from reduced production volumes plus the
loss from accepting a lower price on domestic supply. That is,
1
∆𝑃𝑆 = 𝑃𝑊 [𝑠𝐷 + 𝑡 (𝑆 ∗ − 𝑆̅)]
2

(A.3)

Likewise, the gain in consumer surplus, ∆𝐶𝑆, is the gain from the price reduction on gas
consumed in the absence of the reservation policy, plus the gain from additional gas
consumption in the presence of the policy.
1
∆𝐶𝑆 = 𝑃𝑊 [𝑠𝐷∗ + 𝑠 (𝐷 − 𝐷∗ )]
2

(A.4)

Overall, the deadweight loss is:
𝑡
𝛼∗
∆𝐶𝑆 − ∆𝑃𝑆 = 𝑃𝑊 𝑆 ∗ ( − 1)
2
𝛼̅

(A.5)

The deadweight loss is negative whenever the reservation policy is binding, 𝛼̅ > 𝛼 ∗ ,
and so the reservation policy will reduce the overall surplus in the gas sector.
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Appendix II: Natural Gas Industry Model code
This appendix includes the model code used to implement the Natural Gas Industry
Model that was described in Chapter Four. It is written for the GEMPACK software
developed by the Centre of Policy Studies at Victoria University (Harrison et al., 2016).
!--------------------------------------------------------------!
!--------------------------------------------------------------!
!

NATURAL GAS INDUSTRY MODEL

!

!

KELLY NEILL MAY 2016

!

!--------------------------------------------------------------!
!--------------------------------------------------------------!

File BDATA # DATA #;
File (new) RESULTS # RESULTS #;

VARIABLE (default = levels);
COEFFICIENT (default = parameter);
EQUATION (default = levels);
FORMULA (default = initial);

SET PROJ # potential gas projects # Read elements from file
BDATA header "BSET";

!--------------------------------------------------------------!
!

Define coefficients and variables

!

!--------------------------------------------------------------!

!project parameters!
COEFFICIENT (all,i,proj) DELE(i) # conversion losses - export #;
COEFFICIENT (all,i,proj) DELD(i) # conversion losses - domestic
#;
COEFFICIENT (all,i,proj) GMMA(i) # extraction cost parameter #;
COEFFICIENT (all,i,proj) E(i) # export processing capacity #;
COEFFICIENT (all,i,proj) D(i) # domestic processing capacity #;
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COEFFICIENT (all,i,proj) MU(i) # competition parameter #;
COEFFICIENT (all,i,proj) dQdq(i) # anticipated response of other
domestic suppliers #;
COEFFICIENT (all,i,proj) SLKD(i) # slack variable in profit max
FOC for closed dom projects #;
COEFFICIENT (all,i,proj) SLKE(i) # slack variable in profit max
FOC for closed exp projects #;

!exogenous project variables!
VARIABLE (all,i,proj) wx(i) # cost of variable inputs extraction#;
VARIABLE (all,i,proj) we(i) # cost of variable inputs - exports
#;
VARIABLE (change) (all,i,proj) weX(i) # additional cost exports #;
VARIABLE (all,i,proj) wd(i) # cost of variable inputs - domestic
#;
VARIABLE (change) (all,i,proj) wdX(i) # additional cost –
domestic #;
VARIABLE (all,i,proj) res(i) # reserves #;
VARIABLE (all,i,proj) geo(i) # max reserves to production ratio
#;
VARIABLE (all,i,proj) fce(i) # recurrent fixed costs - export #;
VARIABLE (all,i,proj) fcd(i) # recurrent fixed costs - domestic
#;
VARIABLE (change) (all,i,proj) alp(i) # reservation proportion
(of exports) #;
VARIABLE (change) (all,i,proj) B(i) # minimum domestic supply
(level) #;
VARIABLE (change) (all,i,proj) OPNE(i) # indicates export
capacity is open #;
VARIABLE (change) (all,i,proj) OPND(i) # indicates domestic
capacity is open #;
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!endogenous project variables!
VARIABLE (change) (all,i,proj) qx(i) # quantity extracted #;
VARIABLE (change) (all,i,proj) qe(i) # quantity processed for
export #;
VARIABLE (change) (all,i,proj) qd(i) # quantity processed for
domestic supply #;
VARIABLE (change) (all,i,proj) lx(i) # variable inputs extraction #;
VARIABLE (change) (all,i,proj) lee(i) # variable inputs - export
#;
VARIABLE (change) (all,i,proj) ld(i) # variable inputs domestic #;
VARIABLE (change) (all,i,proj) mcx(i) # marginal cost of
extraction #;
VARIABLE (change) (all,i,proj) mce(i) # marginal cost of export
processing #;
VARIABLE (change) (all,i,proj) mcd(i) # marginal cost of
domestic processing #;
VARIABLE (change) (all,i,proj) mre(i) # marginal revenue from
exports #;
VARIABLE (change) (all,i,proj) mrd(i) # marginal revenue from
domestic supply #;

VARIABLE (change) (all,i,proj) exple(i) # expression for export
variable inputs complementarity #;
VARIABLE (change) (all,i,proj) expld(i) # expression for
domestic variable inputs complementarity #;
VARIABLE (change) (all,i,proj) lbd(i) # lower bound for domestic
complementarity (expld) #;

VARIABLE (change) (all,i,proj) thea(i) # shadow value of res.
policy constratint #;
VARIABLE (change) (all,i,proj) theb(i) # shadow value of min.
dom. supply constratint #;
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VARIABLE (change) (all,i,proj) respol(i) #expression for res
policy complementarity#;
VARIABLE (change) (all,i,proj) stagr(i) #expression for state
agreement complementarity#;

!industry coefficients!
COEFFICIENT EPSN # elasticity of domestic demand (abs value) #;
COEFFICIENT EPSNX # elasticity of export demand (abs value) #;
COEFFICIENT TINY # very small number #;
COEFFICIENT C0 # demand scalar C0/(PD0^-EPSN) #;
COEFFICIENT E0 # export demand scalar E0/(PE0^-EPSNX) #;
COEFFICIENT PD0 # initial domestic price #;
COEFFICIENT PE0 # initial domestic price #;

!endogenous industry variables!
VARIABLE pd # domestic price #;
VARIABLE cons # domestic consumption #;
VARIABLE pe # export price #;
VARIABLE export # total industry exports FOB #;
VARIABLE (change) slk1 # domestic demand slack variable to
exogenise pd (swap with pd) #;
VARIABLE (change) slk2 # export demand slack variable to
exogenise pe (swap with pe) #;

!--------------------------------------------------------------!
!

Initial values

!

!--------------------------------------------------------------!

!read in values for coefficients and exog variables!
READ DELE from file BDATA header "DELE";
READ DELD from file BDATA header "DELD";
READ GMMA from file BDATA header "GMMA";
READ E from file BDATA header "E";
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READ D from file BDATA header "D";
READ MU from file BDATA header "MU";

READ wx from file BDATA header "wx";
READ we from file BDATA header "we";
READ weX from file BDATA header "wex";
READ wd from file BDATA header "wd";
READ wdX from file BDATA header "wdx";
READ res from file BDATA header "res";
READ geo from file BDATA header "geo";
READ fce from file BDATA header "fce";
READ fcd from file BDATA header "fcd";
READ alp from file BDATA header "alp";
READ B from file BDATA header "B";
READ OPNE from file BDATA header "OPNE";
READ OPND from file BDATA header "OPND";

READ EPSN from file BDATA header "EPSN";
READ EPSNX from file BDATA header "EPNX";
READ C0 from file BDATA header "C0";
READ E0 from file BDATA header "E0";
READ PD0 from file BDATA header "PD0";
READ PE0 from file BDATA header "PE0";

!read some endogenous variables!
READ lee from file BDATA header "le";
READ ld from file BDATA header "ld";
READ theb from file BDATA header "THEB";

!formulas for endogenous variables!

FORMULA TINY = 0.000000000001;

FORMULA (all,i,proj) qe(i) = lee(i)*E(i);
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FORMULA export = sum{i,proj,(1-DELE(i))*qe(i)};
FORMULA pe = PE0*(export/(E0+TINY))^(1/-EPSNX);

FORMULA (all,i,proj) mre(i) = pe*(1-DELE(i));
FORMULA (all,i,proj) mce(i) = (1+weX(i))*we(i)/(E(i)+TINY);

FORMULA (all,i,proj) qd(i) = ld(i)*D(i);
FORMULA cons = sum{i,proj,(1-DELD(i))*qd(i)};
FORMULA pd = PD0*(cons/(C0+TINY))^(1/-EPSN);
FORMULA slk1 = 1;
FORMULA slk2 = 1;

FORMULA (all,i,proj) dQdq(i) = (1-DELD(i)) + sum{j,proj,(1DELD(j))
*MU(j)} - (1-DELD(i))*MU(i);
FORMULA (all,i,proj) mrd(i) = pd*(1-DELD(i))*[1 (qd(i)*dQdq(i))
/(EPSN*cons)];
FORMULA (all,i,proj) mcd(i) = (1+wdX(i))*wd(i)/(D(i)+TINY);

FORMULA (all,i,proj) qx(i) = qe(i) + qd(i);
FORMULA (all,i,proj) lx(i) = [-1/GMMA(i)]*loge[1-qx(i)
/(res(i)*geo(i))];
FORMULA (all,i,proj) mcx(i) = wx(i)/[res(i)*geo(i)*GMMA(i)
*exp(-GMMA(i)*lx(i))];

FORMULA (all,i,proj) thea(i) = 0;

FORMULA (all,i,proj) SLKE(i) = if[OPNE(i)<TINY, mre(i)alp(i)*thea(i)] +
if[OPNE(i)>TINY,0];
FORMULA (all,i,proj) SLKD(i) = if[OPND(i)<TINY, mrd(i) + thea(i)
+ theb(i)] + if[OPND(i)>TINY,0];
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FORMULA (all,i,proj) lbd(i) =
OPND(i)*lee(i)*alp(i)*E(i)/[D(i)+TINY]
+ OPND(i)*B(i)/[D(i)+TINY];

FORMULA (all,i,proj) exple(i) = 1-[E(i)/(E(i)+TINY)]*[mre(i)alp(i)*thea(i)]/[mce(i)+mcx(i)+(1-OPNE(i))*SLKE(i)];
FORMULA (all,i,proj) expld(i) = 1 - [D(i)/(D(i)+TINY)]*mrd(i)
/[mcd(i)+mcx(i)+(1-OPND(i))*SLKD(i)];

FORMULA (all,i,proj) stagr(i) = theb(i) + [B(i)/(B(i)+TINY)]
*[mrd(i)-mcx(i)-mcd(i)];
FORMULA (all,i,proj) respol(i) = thea(i) +
[alp(i)/(alp(i)+TINY)]

*[mrd(i)-mcx(i)-mcd(i)];

!--------------------------------------------------------------!
!

Write initial values to check

!

!--------------------------------------------------------------!

WRITE mre to file RESULTS header "MRE";
WRITE mce to file RESULTS header "MCE";
WRITE lee to file RESULTS header "LEE";
WRITE qe to file RESULTS header "QE";
WRITE exple to file RESULTS header "EXPE";
WRITE expld to file RESULTS header "EXPD";
WRITE lbd to file RESULTS header "LBD";

WRITE mrd to file RESULTS header "MRD";
WRITE mcd to file RESULTS header "MCD";
WRITE ld to file RESULTS header "LD";
WRITE qd to file RESULTS header "QD";
WRITE dQdq to file RESULTS header "DQDQ";

WRITE mcx to file RESULTS header "MCX";
WRITE qx to file RESULTS header "QX";
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WRITE lx to file RESULTS header "LX";

WRITE cons to file RESULTS header "CONS";
WRITE pd to file RESULTS header "PD";
WRITE export to file RESULTS header "EXPT";
WRITE pe to file RESULTS header "PE";

WRITE DELE to file RESULTS header "DELE";
WRITE DELD to file RESULTS header "DELD";
WRITE GMMA to file RESULTS header "GMMA";
WRITE OPNE to file RESULTS header "OPNE";
WRITE OPND to file RESULTS header "OPND";
WRITE E to file RESULTS header "E";
WRITE D to file RESULTS header "D";
WRITE MU to file RESULTS header "MU";

WRITE wx to file RESULTS header "wx";
WRITE we to file RESULTS header "we";
WRITE wd to file RESULTS header "wd";
WRITE res to file RESULTS header "res";
WRITE geo to file RESULTS header "geo";
WRITE fce to file RESULTS header "fce";
WRITE fcd to file RESULTS header "fcd";
WRITE alp to file RESULTS header "alp";
WRITE B to file RESULTS header "B";

WRITE EPSN to file RESULTS header "EPSN";
WRITE C0 to file RESULTS header "C0";
WRITE EPSNX to file RESULTS header "EPNX";
WRITE C0 to file RESULTS header "E0";

WRITE thea to file RESULTS header "THEA";
WRITE theb to file RESULTS header "THEB";
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WRITE stagr to file RESULTS header "STAG";
WRITE respol to file RESULTS header "RESP";

!--------------------------------------------------------------!
!

Model equations

!

!--------------------------------------------------------------!

! --

--

--

--

--

--

!
! --

--

--

--

--

--

--

--

--

--

-!

Extraction
--

--

--

--

--

--

--

--

!
--

--

--

--

--

--

-!

EQUATION E_qx # quantity extracted # (all,i,proj)
qx(i) = qe(i) + qd(i);

EQUATION E_lx # variable inputs for extraction # (all,i,proj)
exp(-lx(i)*GMMA(i)) = 1-qx(i)/[res(i)*geo(i)];

EQUATION E_mcx # marginal cost of extraction # (all,i,proj)
loge{mcx(i)} = GMMA(i)*lx(i) +
loge{wx(i)/[res(i)*geo(i)*GMMA(i)]};

!--

--

--

--

--

--

--

!
!--

--

--

--

--

--

--

--

--

Export
--

--

--

--

--

--

--

--

-!
!

--

--

--

--

--

--

-!

EQUATION E_mre # marginal revenue from exporting # (all,i,proj)
mre(i) = pe*(1-DELE(i));

EQUATION E_mce # marginal cost of export processing #
(all,i,proj)
mce(i) = (1+wex(i))*we(i)/(E(i)+TINY);

EQUATION E_qe # quantity exported # (all,i,proj)
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qe(i) = lee(i)*E(i);

EQUATION E_exple # expression for le complementarity #
(all,i,proj)
exple(i) = 1-[E(i)/(E(i)+TINY)]*[mre(i)-alp(i)*thea(i)]
/[mce(i)+mcx(i)+(1-OPNE(i))*SLKE(i)];

COMPLEMENTARITY (Variable = lee, Lower_Bound=0, Upper_Bound=1)
LABE
# complementarity statement to constrain 0<variable input<1 for
export processing #
(all,i,proj)
exple(i);

!

--

--

--

--

--

!
!

--

--

--

--

--

--

--

--

--

Domestic
--

--

--

--

--

--

--

--

-- !
!

--

--

--

--

--

--

-- !

EQUATION E_mrd # marginal revenue from domestic supply #
(all,i,proj)
mrd(i) = pd*(1-DELD(i))*[1 - (qd(i)*dQdq(i))/(EPSN*cons)];

EQUATION E_mcd # marginal cost of domestic processing #
(all,i,proj)
mcd(i) = (1+wdX(i))*wd(i)/(D(i)+TINY);

EQUATION E_qd # quantity produced for domestic supply #
(all,i,proj)
qd(i) = ld(i)*D(i);

EQUATION E_lbd # lower bound for ld complementarity #
(all,i,proj)
lbd(i) = OPND(i)*lee(i)*alp(i)*E(i)/[D(i)+TINY] +
OPND(i)*B(i)/[D(i)+TINY];
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EQUATION E_expld # expression for ld complementarity #
(all,i,proj)
expld(i) = 1 - [D(i)/(D(i)+TINY)]*mrd(i)/[mcd(i)+mcx(i)
+(1-OPND(i))*SLKD(i)] ;

COMPLEMENTARITY (Variable = ld, Lower_Bound=lbd, Upper_Bound=1)
LABD
# complementarity statement to constrain 0<variable input<1 for
domestic processing #
(all,i,proj)
expld(i);

!

--

--

--

--

--

!
!

--

--

--

--

--

--

--

--

--

-- !

Policy
--

--

--

--

--

--

--

!
--

--

--

--

--

--

--

-- !

!Reservation Policy!

EQUATION E_respol #expression for res policy complementarity#
(all,i,proj)
respol(i) = thea(i) + [alp(i)/(alp(i)+TINY)]*[mrd(i)
-mcx(i)-mcd(i)];

COMPLEMENTARITY (Variable = thea, Lower_Bound=0) RES_POLICY
# complementarity statement for reservation policy #
(all,i,proj)
respol(i);

!State Agreement!

EQUATION E_agr #expression for state agreement complementarity#
(all,i,proj)
stagr(i) = theb(i) + [B(i)/(B(i)+TINY)]*[mrd(i)-mcx(i)
144

-mcd(i)];

COMPLEMENTARITY (Variable = theb, Lower_Bound=0) STATE_AGR
# complementarity statement for reservation policy #
(all,i,proj)
stagr(i);

!

--

--

--

--

--

!
!

--

--

--

--

--

--

--

--

--

Industry
--

--

--

--

--

--

--

--

-- !
!

--

--

--

--

--

--

-- !

EQUATION E_cons # domestic gas supply #
cons = sum{i,proj,(1-DELD(i))*qd(i)};

EQUATION E_pd # domestic gas price #
pd = PD0*slk1*(cons/(C0+TINY))^(1/-EPSN);

EQUATION E_export # total industry exports FOB #
export = sum{i,proj,(1-DELE(i))*qe(i)};

EQUATION E_pe # export price AUD FOB #
pe = PE0*slk2*(export/(E0+TINY))^(1/-EPSNX);

!--------------------------------------------------------------!
!

Additional Model Outputs

!

!--------------------------------------------------------------!

!profits!
VARIABLE (all,i,proj) prof(i) # project profits #;

!volumes!
VARIABLE ext # total industry extraction #;
VARIABLE profit # total industry profits #;
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!checks!
VARIABLE (change) (all,i,proj) pmaxd(i) # check dom profit max
condition = 0 #;
VARIABLE (change) (all,i,proj) pmaxe(i) # check export profit
max condition = 0 #;

FORMULA & EQUATION E_prof # project profits # (all,i,proj)
prof(i) = pe*(1-DELE(i))*qe(i) +pd*(1-DELD(i))*qd(i)
- lx(i)*wx(i) -lee(i)*we(i) -ld(i)*wd(i)
-fce(i) -fcd(i);

FORMULA & EQUATION E_ext # total industry extraction #
ext = sum{i,proj,qx(i)};

FORMULA & EQUATION E_profit # total industry profits #
profit = sum{i,proj,prof(i)};

FORMULA & EQUATION E_pmaxd # check dom profit max condition = 0
# (all,i,proj)
pmaxd(i) = if[D(i)<TINY,0] +
if[D(i)>TINY, mrd(i) +thea(i) +theb(i) mcd(i)
-mcx(i) -(1-OPND(i))*SLKD(i)];

FORMULA & EQUATION E_pmaxe # check export profit max condition =
0 # (all,i,proj)
pmaxe(i) = if[E(i)<TINY,0] +
if[E(i)>0, mre(i) -alp(i)*thea(i) -mce(i)
-mcx(i) -(1-OPNE(i))*SLKE(i)];
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Appendix III: Distributional Analysis
This appendix provides further information to Chapter Six, including tables with additional sources used and intermediate calculations.
Table A1: Sources for project shares (company websites)
Project
Source
Gorgon
https://www.chevronaustralia.com/our-businesses/gorgon
Wheatstone

https://www.chevronaustralia.com/our-businesses/wheatstone

Pluto

http://www.appea.com.au/oil-gas-explained/operation/australian-lng-projects/

NWS

http://www.appea.com.au/oil-gas-explained/operation/australian-lng-projects/

Prelude

http://www.shell.com/about-us/major-projects/prelude-flng/prelude-flng-an-overview.html

Ichthys

http://www.inpex.com.au/media/1104/18_12_2012_ichthys_lng_project_completes_project_financing_arrangements.pdf
http://www.bhpbilliton.com/~/media/bhp/documents/businesses/petroleum_potash/150514_petroleumpotash_petroleum_bhpbfac
tsheetsmacedon.pdf?la=en
https://www.santos.com/what-we-do/activities/western-australia/carnarvon-basin/reindeer/

Macedon
Devil Creek
Varanus Island
John Brookes

https://www.santos.com/what-we-do/activities/western-australia/carnarvon-basin/john-brookes-spar/

Harriet

https://www.santos.com/media/1987/080624-john-brookes-production-interruption-update-combined.pdf
http://investor.apachecorp.com/releasedetail.cfm?releaseid=230350

Dongara

http://www.asx.com.au/asxpdf/20120213/pdf/4249kv8s5x7nwr.pdf
http://www.conocophillips.com/investor-relations/companyreports/Documents/PDF/Fact%20Sheet_APME_Spring%202015_FINAL.pdf
https://www.santos.com/what-we-do/activities/western-australia/carnarvon-basin/john-brookes-spar/

Beharra Springs

https://www.santos.com/media/1987/080624-john-brookes-production-interruption-update-combined.pdf

Athena
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Project

Xyris

Source
http://www.conocophillips.com/investor-relations/companyreports/Documents/PDF/Fact%20Sheet_APME_Spring%202015_FINAL.pdf
http://www.asx.com.au/asxpdf/20150821/pdf/430pfxmjj8r0nh.pdf

Woodada

http://www.awexplore.com/irm/content/onshore-perth-basin1.aspx?RID=402

Corybas

http://www.asx.com.au/asxpdf/20150731/pdf/43057vlt808nn0.pdf

Red Gully
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Table A2: Sources for stock exchange listings of gas-producing companies (company websites)
Company
Source
Chevron

http://investor.chevron.com/phoenix.zhtml?c=130102&p=irol-irhome

Shell

http://www.shell.com/investors.html#iframe-L1NvbHV0aW9ucy9TaGVsbC8yMDg4L21pbmlxdW90ZTIuYXNweA==

ExxonMobil

http://ir.exxonmobil.com/phoenix.zhtml?c=115024&p=irol-stockQuote

Inpex

http://www.inpex.co.jp/english/ir/index.html

Woodside

http://www.woodside.com.au/Investors-Media/Shareholders-Services/Pages/default.aspx#.VqXH2FLmOF8

TOTAL

http://www.total.com/en/investors/institutional-investors/presentations

BP

http://www.bp.com/en/global/corporate/investors.html

BHP Billiton

http://www.bhpbilliton.com/investors/shareholderinfo

Macquarie

http://www.macquarie.com/au/about/investors

Brookfield

http://www.brookfield.com/content/stock_and_dividend_info/common_shares-26718.html

MIMI

http://www.mitsubishicorp.com/jp/en/ir/
https://www.mitsui.com/jp/en/ir/information/basic/index.html

Kufpec

http://www.kufpec.com/Reports/KUFPEC%20Financial%20Reports/fanancial2014.pdf

Santos

https://www.santos.com/investors/shareholder-information/

Tokyo Gas Co

http://www.tokyo-gas.co.jp/IR/english/stockprice_e.html

Eni

http://www.eni.com/en_IT/investor-relation/eni-stock-markets/eni-stock.shtml

CNOOC

http://www.cnoocltd.com/col/col7391/index.html

Osaka Gas

http://www.osakagas.co.jp/en/ir/index.html

Tokyo EP

http://www.tepco.co.jp/en/corpinfo/ir/stock/stock-e.html
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Company

Source

CPC

http://en.cpc.com.tw/glance_content.aspx

Kogas

http://www.kogas.or.kr/en/investors/quote/quote.action

Kansai Electric
Chubu Electric
Power
Kyushu Electric
Power
ConocoPhillips

http://www.kepco.co.jp/english/siteinfo/faq/biz_and_ir/9990628_16151.html

Central Petroleum

http://www.asx.com.au/asx/research/company.do#!/ctp

Toho Gas

http://www.tohogas.co.jp/lang/en/corporate/stock-info/basic-date/

Origin Energy

https://www.originenergy.com.au/about/investors-media/share-price.html

AWE

http://www.awexplore.com/irm/content/investor-information.aspx?RID=365

Empire Oil and Gas

http://empireoil.com.au/asx_announcements

ERM Power

http://www.ermpower.com.au/investor-centre/asx-announcements/

PetroChina

http://www.petrochina.com.cn/ptr/tzzgx/tzzgx.shtml

OPIC

https://www.opic.gov/

http://www.chuden.co.jp/english/ir/eir_stockinformation/esto_stockperformance/index.html
http://www.kyuden.co.jp/en_ir_stock_information.html
http://www.conocophillips.com/investor-relations/stock-information/Pages/default.aspx
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Table A3: Sources for stock exchange listings of gas-users (company websites)
Company
Source
Alcoa

http://www.alcoa.com/global/en/investment/invest_faq.asp

BP

http://www.bp.com/en/global/corporate/investors.html

Wesfarmers

http://www.csbp.com.au/Home.aspx

Synergy

Horizon Power

http://generation.synergy.net.au/generating-electricity/power-stations
https://www.finance.wa.gov.au/cms/Public_Utilities_Office/Energy_Initiatives/Merger_of_Synergy_and_Verve_Energy.as
px
http://horizonpower.com.au/about-us/overview/who-we-are/

RATCH

http://ratchaustralia.com/about/about_company_background.html

BHP Billiton

BHP Billiton

http://www.kic.org.au/industry/kic-members/bhp-billiton-nickel-west.html
http://www.energydevelopments.com.au/01_cms/PublicDocuments/20040705_ENE_WesternPowerPPAforWKPP_146186
.pdf
http://www.kic.org.au/industry/kic-members/bhp-billiton-nickel-west.html

Glencore

http://www.minara.com.au/about/operations-overview

ICG, Sumitomo

http://newgenpowerkwinana.com.au/aboutus.html

ICG, Sumitomo

http://www.infrastructurecapital.com.au/kwinana-power-station/

Alinta

https://alintaenergy.com.au/wa/about-us/about-alinta-energy

Rio Tinto

http://www.riotinto.com/documents/201509_RT_Chartbook.pdf

Synergy

http://generation.synergy.net.au/generating-electricity/power-stations

Citic Pacific Mining

http://www.citicpacificmining.com/about/citic-limited/

TransAlta

http://www.imowa.com.au/docs/default-source/market-participants/gsi-notice---19-07-2013.pdf?sfvrsn=4

EDL LNG
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Company

Source

Newcrest

http://www.newcrest.com.au/investors/company-summary

South32

https://www.south32.net/CMSPages/GetFile.aspx?guid=3422a937-e347-4fd0-bf7c-551fb5caa2f9

Japan Alumina Assiciates http://www.itochu.com.au/metals_mineral.html
Sojitz Alumina

http://www.sojitz.com/en/ir/stkholder/stock/

Yara Pilbara Holdings

http://yara.com/investor_relations/share_information/
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Table A4: Estimated share of WA gas producers’ profits remaining in Australia
Company

Income tax
rate, t

Interest
Royalty rate,
share of after
r
tax profits, k

Equity share
of after tax
profits, (1-k)

Aus share of
equity
holders, s

Aus share of
firm before
tax profits

WA share of
firm before
tax profits

Col 1

Col 2

Col 3

Col 4

Col 5

Col 6

Col 7

Chevron

18.8%

0.0%

10.6%

89.4%

0.0%

18.8%

2.1%

Chevron (NWS)

16.6%

11.7%

10.6%

89.4%

0.0%

28.3%

2.7%

Shell

16.7%

0.0%

20.7%

79.3%

0.0%

16.7%

1.9%

Shell (NWS)

14.8%

11.7%

20.7%

79.3%

0.0%

26.5%

2.5%

ExxonMobil

38.2%

0.0%

30.7%

69.3%

0.0%

38.2%

4.3%

ExxonMobil (VI)

36.8%

1.9%

30.7%

69.3%

0.0%

38.8%

4.4%

Inpex

35.3%

0.0%

0.0%

100.0%

0.0%

35.3%

4.0%

Woodside

30.6%

0.0%

4.5%

95.5%

61.0%

71.0%

7.8%

Woodside (NWS)

27.0%

11.7%

4.5%

95.5%

61.0%

74.4%

7.8%

TOTAL

32.4%

0.0%

0.0%

100.0%

0.0%

32.4%

3.6%

BP (NWS)

13.9%

11.7%

38.6%

61.4%

0.0%

25.6%

2.4%

BHP Billiton

19.0%

0.0%

11.0%

89.0%

14.6%

29.5%

3.3%

BHP (NWS)

16.8%

11.7%

11.0%

89.0%

14.6%

37.7%

3.7%

Macquarie

33.6%

0.0%

31.9%

68.1%

61.0%

61.2%

6.8%

154

Company

Income tax
rate, t

Interest
Royalty rate,
share of after
r
tax profits, k

Equity share
of after tax
profits, (1-k)

Aus share of
equity
holders, s

Aus share of
firm before
tax profits

WA share of
firm before
tax profits

Col 1

Col 2

Col 3

Col 4

Col 5

Col 6

Col 7

Macquarie (VI)

33.1%

1.9%

31.9%

68.1%

61.0%

62.0%

6.9%

Brookfield

33.6%

0.0%

31.9%

68.1%

0.0%

33.6%

3.8%

Brookfield (VI)

33.1%

1.9%

31.9%

68.1%

0.0%

35.0%

3.9%

MIMI (NWS)

26.5%

11.7%

1.1%

98.9%

0.0%

38.2%

3.8%

Kufpec

40.8%

0.0%

33.2%

66.8%

0.0%

40.8%

4.6%

Kufpec (VI)

39.7%

1.9%

33.2%

66.8%

0.0%

41.6%

4.7%

Santos

31.9%

0.0%

17.1%

82.9%

61.0%

66.4%

7.3%

Santos (VI)

31.4%

1.9%

17.1%

82.9%

61.0%

67.1%

7.4%

Tokyo Gas Co

13.3%

0.0%

58.7%

41.3%

0.0%

13.3%

1.5%

CNOOC (NWS)

25.3%

11.7%

19.3%

80.7%

0.0%

37.0%

3.7%

Osaka Gas

28.6%

0.0%

19.3%

80.7%

0.0%

28.6%

3.2%

Tokyo EP

28.6%

0.0%

19.3%

80.7%

0.0%

28.6%

3.2%

CPC

28.6%

0.0%

19.3%

80.7%

0.0%

28.6%

3.2%

Kogas

28.6%

0.0%

19.3%

80.7%

0.0%

28.6%

3.2%

Kansai Electric

30.1%

0.0%

29.1%

70.9%

0.0%

30.1%

3.4%
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Company

Income tax
rate, t

Interest
Royalty rate,
share of after
r
tax profits, k

Equity share
of after tax
profits, (1-k)

Aus share of
equity
holders, s

Aus share of
firm before
tax profits

WA share of
firm before
tax profits

Col 1

Col 2

Col 3

Col 4

Col 5

Col 6

Col 7

28.6%

0.0%

19.3%

80.7%

0.0%

28.6%

3.2%

28.6%

0.0%

19.3%

80.7%

0.0%

28.6%

3.2%

ConocoPhillips (VI)

40.4%

1.9%

11.1%

88.9%

0.0%

42.3%

4.8%

Toho Gas

28.6%

0.0%

19.3%

80.7%

0.0%

28.6%

3.2%

8.3%

18.3%

20.3%

79.7%

61.0%

62.3%

6.9%

AWE

37.0%

18.3%

9.2%

90.8%

61.0%

80.1%

8.9%

Empire Oil and Gas

23.4%

18.3%

19.3%

80.7%

61.0%

70.4%

7.8%

OPIC

28.6%

0.0%

19.3%

80.7%

0.0%

28.6%

3.2%

Chubu Electric
Power
Kyushu Electric
Power

Origin Energy

Total
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Table A4 Continued: Estimated share of WA gas producers’ profits remaining in Australia
Outcome after Gorgon and
2014 Outcome
Wheatstone
Aus share
WA
Aus share
WA
Firm's
of
share of
Firm's
of
share of
share of
industry
industry
share of
industry
industry
Company
total WA
before
before
total WA
before
before
gas
tax
tax
gas
tax
tax
profits
profits
profits
profits
profits
profits
Col 6 *
Col 7 *
Col 6 *
Col 7 *
Col 8
Col 8
Col 8
Col 11
Col 11
Col 11

Outcome after all projects
operational
Aus share
WA
Firm's
of
share of
share of
industry
industry
total WA
before
before
gas
tax
tax
profits
profits
profits
Col 6 *
Col 7 *
Col 14
Col 14
Col 14

Chevron

0.0%

0.0%

0.0%

28.4%

5.3%

0.6%

23.6%

4.4%

0.5%

Chevron
(NWS)

14.3%

4.0%

0.4%

7.8%

2.2%

0.2%

6.5%

1.8%

0.2%

0.0%

0.0%

0.0%

9.7%

1.6%

0.2%

14.4%

2.4%

0.3%

Shell (NWS)

13.7%

3.6%

0.3%

7.5%

2.0%

0.2%

6.2%

1.7%

0.2%

ExxonMobil

0.0%

0.0%

0.0%

2.3%

0.9%

0.1%

1.9%

0.7%

0.1%

ExxonMobil
(VI)

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

Inpex

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

6.1%

2.2%

0.2%

Woodside

13.9%

9.9%

1.1%

9.8%

6.9%

0.8%

8.1%

5.8%

0.6%

Woodside
(NWS)

16.4%

12.2%

1.3%

9.0%

6.7%

0.7%

7.4%

5.5%

0.6%

TOTAL

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

2.5%

0.8%

0.1%

BP (NWS)

8.1%

2.1%

0.2%

4.4%

1.1%

0.1%

3.7%

0.9%

0.1%

Shell
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Company

2014 Outcome
Aus share
WA
Firm's
of
share of
share of
industry
industry
total WA
before
before
gas
tax
tax
profits
profits
profits
Col 6 *
Col 7 *
Col 8
Col 8
Col 8

Outcome after Gorgon and
Wheatstone
Aus share
WA
Firm's
of
share of
share of
industry
industry
total WA
before
before
gas
tax
tax
profits
profits
profits
Col 6 *
Col 7 *
Col 11
Col 11
Col 11

Outcome after all projects
operational
Aus share
WA
Firm's
of
share of
share of
industry
industry
total WA
before
before
gas
tax
tax
profits
profits
profits
Col 6 *
Col 7 *
Col 14
Col 14
Col 14

BHP Billiton

1.1%

0.3%

0.0%

0.6%

0.2%

0.0%

0.5%

0.1%

0.0%

BHP (NWS)

13.7%

5.2%

0.5%

7.5%

2.8%

0.3%

6.2%

2.4%

0.2%

Macquarie

0.2%

0.1%

0.0%

0.1%

0.1%

0.0%

0.1%

0.1%

0.0%

Macquarie
(VI)

0.5%

0.3%

0.0%

0.3%

0.2%

0.0%

0.2%

0.1%

0.0%

Brookfield

0.2%

0.1%

0.0%

0.1%

0.0%

0.0%

0.1%

0.0%

0.0%

Brookfield
(VI)

0.5%

0.2%

0.0%

0.3%

0.1%

0.0%

0.2%

0.1%

0.0%

13.2%

5.0%

0.5%

7.2%

2.8%

0.3%

6.0%

2.3%

0.2%

Kufpec

0.0%

0.0%

0.0%

1.0%

0.4%

0.0%

0.8%

0.3%

0.0%

Kufpec (VI)

0.1%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

Santos

0.2%

0.1%

0.0%

0.1%

0.1%

0.0%

0.1%

0.1%

0.0%

Santos (VI)

0.3%

0.2%

0.0%

0.2%

0.1%

0.0%

0.2%

0.1%

0.0%

MIMI (NWS)
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Company

2014 Outcome
Aus share
WA
Firm's
of
share of
share of
industry
industry
total WA
before
before
gas
tax
tax
profits
profits
profits
Col 6 *
Col 7 *
Col 8
Col 8
Col 8

Outcome after Gorgon and
Wheatstone
Aus share
WA
Firm's
of
share of
share of
industry
industry
total WA
before
before
gas
tax
tax
profits
profits
profits
Col 6 *
Col 7 *
Col 11
Col 11
Col 11

Outcome after all projects
operational
Aus share
WA
Firm's
of
share of
share of
industry
industry
total WA
before
before
gas
tax
tax
profits
profits
profits
Col 6 *
Col 7 *
Col 14
Col 14
Col 14

Tokyo Gas Co

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.4%

0.1%

0.0%

CNOOC
(NWS)

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

2.0%

0.7%

0.1%

Osaka Gas

2.2%

0.6%

0.1%

1.2%

0.3%

0.0%

0.3%

0.1%

0.0%

Tokyo EP

0.0%

0.0%

0.0%

0.3%

0.1%

0.0%

0.8%

0.2%

0.0%

CPC

0.0%

0.0%

0.0%

1.0%

0.3%

0.0%

0.2%

0.1%

0.0%

Kogas

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.5%

0.2%

0.0%

Kansai Electric

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.6%

0.2%

0.0%

0.3%

0.1%

0.0%

0.1%

0.0%

0.0%

0.0%

0.0%

0.0%

0.1%

0.0%

0.0%

0.2%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

Chubu Electric
Power
Kyushu
Electric Power
ConocoPhillips
(VI)
Toho Gas
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Company

2014 Outcome
Aus share
WA
Firm's
of
share of
share of
industry
industry
total WA
before
before
gas
tax
tax
profits
profits
profits
Col 6 *
Col 7 *
Col 8
Col 8
Col 8

Outcome after Gorgon and
Wheatstone
Aus share
WA
Firm's
of
share of
share of
industry
industry
total WA
before
before
gas
tax
tax
profits
profits
profits
Col 6 *
Col 7 *
Col 11
Col 11
Col 11

Outcome after all projects
operational
Aus share
WA
Firm's
of
share of
share of
industry
industry
total WA
before
before
gas
tax
tax
profits
profits
profits
Col 6 *
Col 7 *
Col 14
Col 14
Col 14

Origin Energy

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

AWE

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

Empire Oil and
Gas

0.1%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

OPIC

0.0%

0.0%

0.0%

0.0%

0.0%

0.0%

0.3%

0.1%

0.0%

Total

100.0%

44.5%

4.6%

100.0%

34.6%

3.7%

100.0%

33.4%

3.6%

Source: Authors’ calculations, as described in Chapter Six.
Note: North West Shelf (NWS) and Varanus Island (VI) participants are separately identified in this table because these projects attract different royalty rates.
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Table A5: Estimated share of WA gas users’ profits remaining in Australia
Aus
share of
equity
holders,
s

Aus
share of
firm
before
tax
profits

WA
share of
firm
before
tax
profits

Firm's
share of
total
WA gas
use

Aus
share of
industry
before
tax
profits
Col 5 *
Col 7

WA
share of
industry
before
tax
profits
Col 6 *
Col 7

Tax
rate, t

Interest
share of
after tax
profits, k

Equity
share of
after tax
profits,
(1-k)

Col 1

Col 2

Col 3

Col 4

Col 5

Col 6

Col 7

Alcoa

28.8%

6.0%

94.0%

24.4%

45.8%

5.1%

22.6%

10.4%

1.15%

Alinta

10.4%

73.7%

26.3%

0.0%

10.4%

1.2%

10.3%

1.1%

0.12%

NA

NA

NA

NA

100.0%

100.0%

8.8%

8.8%

8.76%

Yara Pilbara Holdings Ltd

23.7%

43.8%

56.2%

0.0%

23.7%

2.7%

7.9%

1.9%

0.21%

South32, Japan Alumina
Associates, Sojitz Alumina

19.3%

63.0%

37.0%

45.2%

48.2%

5.3%

5.2%

2.5%

0.28%

ICG, Sumitomo

19.3%

34.8%

65.2%

30.5%

41.1%

4.5%

5.1%

2.1%

0.23%

Wesfarmers

24.5%

23.0%

77.0%

61.0%

67.0%

7.4%

5.1%

3.4%

0.37%

Rio Tinto

29.2%

5.7%

94.3%

10.1%

36.2%

4.0%

4.5%

1.6%

0.18%

BHP Billiton

23.3%

24.3%

75.7%

30.6%

44.9%

5.0%

2.9%

1.3%

0.15%

RATCH

12.5%

73.0%

27.0%

12.2%

20.6%

2.3%

2.3%

0.5%

0.05%

TransAlta

21.7%

30.3%

69.7%

10.6%

29.2%

3.3%

2.1%

0.6%

0.07%

Company

Synergy
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Company

Interest
Tax share of
rate, t after tax
profits, k

Equity
share of
after tax
profits,
(1-k)

Aus
share of
equity
holders,
s

Aus
share of
firm
before
tax
profits

WA
share of
firm
before
tax
profits

Firm's
share of
total
WA gas
use

Aus
share of
industry
before
tax
profits
Col 5 *
Col 7

WA
share of
industry
before
tax
profits
Col 6 *
Col 7

Col 1

Col 2

Col 3

Col 4

Col 5

Col 6

Col 7

Newcrest

24.8%

12.4%

87.6%

61.0%

68.8%

7.6%

2.0%

1.4%

0.15%

Citic Pacific Mining

13.9%

24.8%

75.2%

0.0%

13.9%

1.6%

2.0%

0.3%

0.03%

Origin Energy

12.1%

20.3%

79.7%

61.0%

62.1%

6.8%

1.6%

1.0%

0.11%

NA

NA

NA

NA

100.0%

100.0%

1.5%

1.5%

1.49%

Glencore

20.1%

23.1%

76.9%

0.0%

20.1%

2.3%

1.4%

0.3%

0.03%

EDL LNG

7.5%

69.9%

30.1%

61.0%

50.9%

5.6%

0.8%

0.4%

0.05%

BP

17.5%

38.6%

61.4%

0.0%

17.5%

2.0%

0.2%

0.0%

0.00%

Fortescue

19.4%

34.6%

65.4%

61.0%

62.9%

6.9%

0.0%

0.0%

0.00%

Residential

0.0%

0.0%

0.0%

100.0%

100.0%

100.0%

2.0%

2.0%

2.00%

Other users

22.0%

31.5%

68.5%

22.4%

37.7%

4.2%

11.5%

4.4%

0.48%

100.0%

45.4%

15.92%

Horizon Power

Total
Source: Authors’ calculations, as described in Chapter Six.
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