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Executive summary
Background
►

►

►

►

The Nuclear Fuel Cycle Royal Commission (‘NFCRC’ or ‘the
Commission’) engaged EY to conduct a NPV analysis to
investigate the minimum probability of Combined Cycle Gas
Turbine (‘CCGT’) power generation combined with Carbon
Capture and Storage (‘CCS’) to be NPV positive under a
range of given scenarios
According to the Commission’s market model, by 2050, up
to 30% of electricity generated across the NEM would be
supplied from CCGT plant under a strong climate action
scenario. Although, no CCGT with CCS plant emerged
endogenously in any region of Australia by 2049-50 in the
Commission’s market model, if such a plant were
commissioned into operation in 2050-51, the plant was
estimated to achieve a positive NPV at a baseline
commercial discount rate of 10%.
The costs related to the site exploration and appraisal for
CCS have not been included in the Commission’s market
model. These costs vary due to the uncertainties of the
capacity of geological reservoirs to store carbon dioxide
(‘CO2’) and the operational integrity of these reservoirs to
cope with high CO2 injection rates. For the purpose of this
analysis, the costs for site exploration and appraisal have
been estimated by the Commission and range from A$ 1bn
to A$ 2bn.
To enable a like-for-like comparison between nuclear and
CCS, EY performed a high level analysis of the balance of
potential returns from establishing CCGT generation with
CCS against the site exploration and appraisal costs.
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Financial analysis
►

►

►

►

Three funding models for the generation and site
characterisation components were assessed, entirely
commercial (weighted average cost of capital (‘WACC’) of
10%), entirely public (WACC of 4%) or hybrid (assuming
publicly funded exploration and privately funded
generation). Across all funding models, the minimum
acceptable risk of failure was assumed to be 50%.
Accepting a higher probability of failure would mean a
commitment to develop a greater number of CCGT with
CCS plants.
If any level of private investment is assumed, the only
scenarios where the NPV of CCGT with CCS generation
outweighs the site characterisation costs is for
commissioning in 2050 under a strong climate action
scenario. Under this scenario, at least four CCGT with
CCS plants would have to be developed to deliver a
positive NPV for the initial investment in site
characterisation.
If investment in both generation and site characterisation
is funded entirely using public funding, then that
investment may be viable under both a moderate and
strong climate action scenarios. Under this funding
model, only one CCGT with CCS plant would need to be
developed.
Other forms of CCS enabled projects can contribute to
de-risking CCS such as coal-to-x or enhanced oil recovery
that may possibly be undertaken in other states. These
outcomes have not been included in this analysis.
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Executive summary (cont.)
Financial analysis (cont.)
From the model’s results for the commercial, hybrid and Government funding models the following conclusions can be drawn
about the conditions required to generate an overall NPV positive investment in CCGT with CCS:

►

Funding
model

Conditions to obtain an overall positive NPV

No. of CCGT with CCS plants required
to produce a ρproven below 50%

Commercial
Hybrid

► The only scenarios where the NPV of CCGT with CCS generation
outweighs the site exploration costs is 2050 commissioning with
strong climate action policies in place
► Under these conditions more than one CCGT with CCS plant is
required to produce the same positive NPV to be viable

4 plants under the $1b capex and strong
climate action scenarios

Government

► Overall positive NPV from 2030 and 2050 scenario under
moderate and strong climate policies
► If only one CCGT with CCS plant is deemed viable then the 2050
scenarios with low initial exploration costs provide a level of
certainty that CCS will be proven (𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ) that is below 50%

1 plant under the $1b capex and
moderate or strong climate action
scenarios

Key variables
►

The following assumptions have been prepared by the Commission for the purpose of this analysis:
►

Funding sources

►

Level of site exploration and appraisal capital expenditure costs

►

Future climate action scenarios

►

The number of CCGT with CCS to be developed

►

Commissioning date of CCGT with CCS
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Background
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Background
The Commission is assessing the economic viability of a nuclear
generator being commissioned in South Australia in 2030 or
2050.

This report contains the results of this “like for like” analysis
which calculates the minimum probability of CCGT with CCS
being proven required for the technology to be NPV positive.

As part of the Commission’s work, further analysis was
required to be conducted on the viability of CCS integrated with
CCGT power generation as an alternative low emissions power
generation technology to nuclear.

The set of variables were modelled in this analysis, including :

Costs for more mature energy technologies, such as nuclear,
with established track records inherently include costs
associated with uncertainties in delivery. This is not the case
for unproven technologies where there are risks associated
with proving feasibility, such as CCGT with CCS. To provide for
a “like for like” comparison between mature and more
unproven technologies it is necessary to include the cost of
research and development and probability of the technology
not being commercially proven.
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►
►

Funding sources
Level of site exploration and appraisal capital expenditure
costs

►

Future climate action scenarios

►

The number of CCGT with CCS to be developed

►

Commissioning date of CCGT with CCS

The following assumptions have been prepared by the
Commission and provided to EY for the purpose if the analysis:
►

Present value date

►

Costs of exploration and appraisal site

►

Funding of exploration and appraisal site

►

Costs of the CCGT with CCS plants
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Scope and Approach
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Scope of services
The SA Attorney General’s Department engaged EY to
undertake NPV analysis on behalf of the NFCRC to investigate
the conditions under which an investment in site exploration
and appraisal would enable a positive return on investment.
The scope of this engagement as defined in the agreement
dated 18 January 2016 included:
►

►

►

Performing the analysis by applying the methodology
developed by the NFCRC and using information and data
prepared by the NFCRC

Information / Data
prepared by the Commission
►
►

►

►

Costs of CCGT with CCS generator under
two climate actions scenarios

►

Discount rates

►

Time horizon

Developing an MS Excel Model that captures the calculation
methodology, calculation steps, and supporting
assumptions
Providing a presentation and a report summarising the key
findings from the model’s outputs

EY scope of services

Our procedures did not include:
►

Costs of exploration and appraisal site

An assessment of the reasonableness of the exploration
and site appraisal capex scenarios prepared by the
Commission
An assessment of the NPV costs related to the CCGT with
CCS prepared by the Commission
An assessment of the reasonableness of the climate action
policies applied to perform the NPV analysis
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►

►

NPV analysis using the inputs prepared
by the Commission and the methodology
developed by the Commission
Determination of the range of
probabilities for success (pproven) and the
number of CCGT with CCS plants (n) that
would have to be developed in order to
obtain a positive NPV (E(NPV)ccs ≥ 0)
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Method used in NPV model
The methodology to conduct this analysis has been developed by the Commission. The overall output of the model will be the
minimum value for the probability for success (pproven) and the number of CCGT with CCS plants (n) that would have to be
developed in order to obtain a positive NPV (E(NPV)ccs ≥ 0).
This has been calculated using the following set of equations:
Equation

Description

Equation 1

► The output of the overall analysis is an expected payoff that flows from investment in
exploration and appraisal.
► The sum of probabilities of the technology being proven or not proven must be 1, as
expressed in equation 1

Equation 2

► The expected payoff from an investment in exploration and site appraisal is the
weighted sum of the NPV under two alternative outcomes, CCS is proven or CCS
remains unproven.
► That sum is defined in equation 2

Equation 3

► Following the exploration and site appraisal investment, if CCS is proven to be feasible,
and if CCGT with CCS is NPV positive in its own right, under a given climate change
scenario, numerous (i.e. n ≥ 1) CCGT with CCS plants are developed to take advantage
of this common-use reservoir so as to amortise the initial exploration expenditure.
► However, if CCS is proven, but the development of a CCGT with CCS plant is not NPV
positive in its own right, under a given climate change scenario, then the payoff is equal
to the present value (PV) of investments made in exploration and site appraisal (X).

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝑝𝑝𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢
𝐸𝐸 𝑁𝑁𝑁𝑁𝑁𝑁

𝐶𝐶𝐶𝐶𝐶𝐶

𝐶𝐶𝐶𝐶𝐶𝐶

=1

= 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 . 𝐸𝐸 𝑁𝑁𝑁𝑁𝑁𝑁𝐶𝐶𝐶𝐶𝐶𝐶 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
+ 𝑝𝑝𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 . 𝐸𝐸(𝑁𝑁𝑁𝑁𝑁𝑁𝐶𝐶𝐶𝐶𝐶𝐶 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 )

𝑁𝑁𝑁𝑁𝑁𝑁𝐶𝐶𝐶𝐶𝐶𝐶 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
= 𝑃𝑃𝑃𝑃 −𝑋𝑋 + 𝑛𝑛. 𝑁𝑁𝑁𝑁𝑁𝑁𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝐶𝐶𝐶𝐶𝐶𝐶 , 𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁𝑁𝑁𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝐶𝐶𝐶𝐶𝐶𝐶 > 0
=�
= 𝑃𝑃𝑃𝑃 −𝑋𝑋 , 𝑖𝑖𝑖𝑖𝑁𝑁𝑁𝑁𝑁𝑁𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝐶𝐶𝐶𝐶𝐶𝐶 ≤ 0

► This methodology assumes that the climate policies that will emerge in the 10 years
following investment in exploration and site appraisal is a priori unknown.
► This outcome is modelled by equation 3
Equation 4

► Following the exploration and site appraisal investment, if CCS is not proven to be
feasible, the NPV is equal to the present value of the investments in exploration and
site appraisal and no further investments are made.

𝑁𝑁𝑁𝑁𝑁𝑁𝐶𝐶𝐶𝐶𝐶𝐶 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 = 𝑃𝑃𝑃𝑃 −𝑋𝑋

► This outcome is not dependent on the climate change actions that may emerge.
► This outcome is modelled by equation 4
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Method used in NPV model (cont.)
Overview of the methodology

Key outputs
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►

Model outputs are the success (pproven) and the number of
CCGT with CCS plants (n) as shown on the decision tree

►

These are determined using the simultaneous equations
under different scenarios related to:
►

Required rate of return

►

NPV costs for CCGT with CCS under a moderate
and a strong climate action scenarios
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Assumptions
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Assumptions
The following assumptions have been applied to conduct the NPV analysis :
Assumption

Description

Present value date

► Model uses a NPV date of 30 June 2015. Government cash flows are discounted at 4%
and commercial cash flows are discounted at 10%.

Costs of exploration and
appraisal site

► Three capex scenarios were provided by the Commission and are modelled with a total
value of $1 billion, $1.5 billion and $2 billion.
► The spend of capex is modelled linearly over a ten year period between 2018 to 2027, no
CPI increases are included.

Funding of exploration and
appraisal site

► Capex outlays and interest payments are assumed to be funded through a debt facility that
matures in 2030. Interest is only paid on drawdown amounts. Both Government and
commercial funding models are considered, with an interest rate on Government debt
modelled at 4% and the interest rate on commercial debt modelled at 10%.

Costs of the CCGT with CCS
plants

► The model includes the output of the Commission's NPV analysis over of a CCGT with CCS
generator unit as of 30 June 2015.
► This NPV output is assumed to increase linearly when modelling scenarios with n number
of CCGT with CCS plants as per equation 3.
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Findings
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Interpreting the results
The Results section of the report displays the outputs of the
model. The model outputs shown in the results section are
displayed in the following format:

Scenario with different
exploration and
appraisal expenditures

Scenarios with the number of CCGT
with CCS plants (n)
These outputs show a 𝑝𝑝𝑝𝑝𝑟𝑟𝑜𝑜𝑣𝑣𝑒𝑒𝑛𝑛 value.

This value represents the probably of
certainty “that CCS will be a proven
technology within Australia” required to
generate an overall positive NPV from CCGT
with CCS power generation

When the probably of certainty 𝑝𝑝𝑝𝑝𝑟𝑟𝑜𝑜𝑣𝑣𝑒𝑒𝑛𝑛 is greater than
100%, the results have been presented as “Not
Viable” in the tables

►

►

►
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Meaning of 𝑝𝑝𝑝𝑝𝑟𝑟𝑜𝑜𝑣𝑣𝑒𝑒𝑛𝑛 value

In the real world a 𝑝𝑝_𝑝𝑝𝑟𝑟𝑜𝑜𝑣𝑣𝑒𝑒𝑛𝑛 value that is lower means a lower level of certainty around the viability of CCS is necessary for a
positive investment outcome. As an investor this is a more appealing investment option.

Modelling the investment risk suing this metric allows the investor to evaluate if the current level of certainty over the viability of
the technology is greater than the required level of certainty specified by the model.

For instance if the model output 𝑝𝑝𝑝𝑝𝑟𝑟𝑜𝑜𝑣𝑣𝑒𝑒𝑛𝑛 equals 50% then the investor can assess whether they believe the current level of certainty
in CCS viability in Australia is greater than 50%. If so, a rational investor would choose to invest all other considerations aside. If
the certainty in CCS viability in Australia was assess as being lower than 50%, then a rationale investor would not chose to invest
all other considerations aside.
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Funding scenario 1: Commercial funding
The commercial funding scenario assumes the exploration and site appraisal capital expenditure and any subsequent investment
in CCGT with CCS enabled generation is financed through commercial enterprise, that requires a rate of return of 10%.
This scenario is similar to the funding model currently employed in the oil and gas sector.
#

Commission
date

Climate Action
scenario

Model outputs - Varying capex budget & number of CCGT with CCS plants

1

2030

Moderate

No scenarios possible that generate an overall positive NPV as both exploration and
generation NPVs are negative

2

2030

Strong

No scenarios possible that generate an overall positive NPV as both exploration and
generation NPVs are negative

3

2050

Moderate

Modelled scenarios up to 6 CCGT with CCS plants and no scenarios generate an overall
positive NPV, as negative exploration NPV outweighs the smaller positive NPV from
generation

4

2050

Strong

Some scenarios produce possible ρproven values, however the probability of the
technology being successful is required to be above 50% with less than four generation
plants
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Funding scenario 2: Hybrid funding
The hybrid funding scenario assumes the exploration and site appraisal capital expenditure is funded by the Government at a rate
of return of 4%, while any subsequent investment in CCGT with CCS generation is financed through commercial enterprise, that
requires a rate of return of 10%.
This scenario is similar to the funding model that was employed in the development of geothermal technologies.
#

Commission
date

Climate Action
scenario

Model outputs - Varying capex budget & number of CCGT with CCS plants

1

2030

Moderate

No scenarios possible that generate an overall positive NPV as both exploration and
generation NPVs are negative

2

2030

Strong

No scenarios possible that generate an overall positive NPV as both exploration and
generation NPVs are negative

3

2050

Moderate

Modelled scenarios up to 6 CCGT with CCS plants and no scenarios generate an overall
positive NPV, as negative exploration NPV outweighs the smaller positive NPV from
generation

4

2050

Strong

Some scenarios produce possible ρproven values, however the probability of the
technology being successful is required to be above 50% with less than four generation
plants
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Comparison of the results for commercial
and hybrid funding models
The results for the commercial and hybrid funding models
indicate that investment in CCGT with CCS could be a viable
option under a strong climate change action scenario with
plants being commissioned in 2050.
Surprisingly under the commercial model, the results indicate a
lower 𝑝𝑝𝑝𝑝𝑟𝑟𝑜𝑜𝑣𝑣𝑒𝑒𝑛𝑛 value that for the same scenario under the hybrid
model. This, at first glance, seems a counterintuitive result.
However the methodology and assumptions considered in this
model provides a rationale for the outcome. More specifically:
►

►

►

►

The difference between the two funding models is the
exploration and site appraisal cost that is funded either by
the Government or private sector.
The different funding models apply different interest rates
and discount factors.
The impact of the discount factor outweighs the impact of
the interest costs when capex outlays are modelled linearly
between 2018 to 2027 with no CPI impacts taken into
account.

►

Conversely, had the cash flows been revenues the
Government funded NPV would have come back as a
greater positive number.

This greater negative NPV at the exploration and appraisal
stage means a higher level of certainty that CCS will be proven
(𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ) is required to generate an overall positive NPV when
including both the exploration and power generation stages, as
shown by the equation below:
𝐸𝐸 𝑁𝑁𝑁𝑁𝑁𝑁

𝐶𝐶𝐶𝐶𝐶𝐶

= 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 . 𝐸𝐸 𝑁𝑁𝑁𝑁𝑁𝑁𝐶𝐶𝐶𝐶𝐶𝐶 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
+ 𝑝𝑝𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 . 𝐸𝐸(𝑁𝑁𝑁𝑁𝑁𝑁𝐶𝐶𝐶𝐶𝐶𝐶 𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 )

Based on the above explanation, the lower the discount rate
applied, the greater negative NPV and a higher level of
certainty that CCS will be proven (pproven) is required to
generate an overall positive NPV.

The Government funded model discounts cash flows in a
slower manner due to the lower required rate of return.
This means cash flows occurring later have a larger impact
on the overall NPV. As this exploration and appraisal cash
flows are all cash outlays, the NPV of these cash flows
comes back as a greater negative number under the
Government funded model.
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Funding scenario 3: Government funding
The Government funding scenario
assumes the exploration and site
appraisal capital expenditure any
subsequent investment in CCGT with
CCS generation is financed by the
Government at a rate of return of
4%.
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# Commission
date

Climate Action
scenario

1 2030

Moderate

2 2030

Strong

3 2050

Moderate

4 2050

Strong

Model outputs - Varying capex budget & number
of CCGT with CCS plants
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Discussion
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Summary of findings
From the model’s results for the commercial, hybrid and Government funding models the following conclusions can be drawn
about the conditions required to generate a NPV positive investment in CCGT with CCS:
Funding
model

Conditions to obtain an overall positive NPV

Commercial
Hybrid

►

►

Government

►

►

No. of CCGT with CCS plants required
to produce a ρproven below 50%

The only scenarios where the NPV of CCGT with CCS generation 4 plants under the $1b capex and strong
outweighs the exploration costs is 2050 commissioning with
climate action scenarios
strong climate action policies in place
Under these conditions more than one CCGT with CCS plant is
required to produce the same positive NPV to be viable
Overall positive NPV from 2030 and 2050 scenario under
moderate and strong climate policies
If only one CCGT with CCS plant is deemed viable then the 2050
scenarios with low initial exploration costs provide a level of
certainty that CCS will be proven (𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 ) that is below 50%

1 plant under the $1b capex and
moderate or strong climate action
scenarios

The results highlighted in the table above provide the investor with four questions to assist in making an investment decision:
►
►

How does a 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 of 50% match to the current level of certainty surrounding the viability of CCS in Australia?

What does electricity forecasting out to 2050 tell us about the number of CCGT with CCS likely to be required by 2050?

►

Are they any precedents for the fully Government funded model and what are the benefits of this model?

►

Is a strong climate change action scenario likely by 2030 or 2050?

These questions are investigated further in this section.
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Discussion (cont.)
Uncertainty of CCS in Australia

Future electricity demand in Australia

To gain further insights of how a 50% ρproven relates to the
current level of certainty around the viability of CCS in
Australia, an assessment of the current issues facing CCS is
required.

Under the Commission’s market model, by 2050, up to 30% of
electricity generated across the NEM would be supplied from
CCGT plant under a strong climate action scenario.

The analysis in this paper does not consider a number of
viability factors outside core economic considerations. As
such, any decisions made on the viability of a project, or the
industry more widely, would need to consider a range of
commercial factors.
A number of CCS-related challenges have been identified by
the Commission based on publically available information and
are presented in Appendix A.
EY recommend that the Commission performs further
analysis of these challenges to assess how the real world level
of certainty in CCS compares with the probabilistic results
calculated from this model.

More specifically, the market model has estimated the
number of CCGT plants that would be required to meet the
electricity demand under different scenario. Under the strong
climate scenario IS3_Large where future electricity demand is
met by a large nuclear plant and a range of other generation
capacity including CCGT, two CCGT plants will be required to
meet demand until 2031 when the first nuclear plant may be
available. Assuming that one large Nuclear plant will operate
from 2031, the number of CCGT decrease to one CCGT plant
in 2031 until 2050.
Based on the Commission’s market model, a maximum of two
CCGT plants would be required assuming a large nuclear plant
is operating by 2031.

Other forms of CCS enabled projects can contribute to derisking CCS such as coal-to-x or enhanced oil recovery that
may possibly be undertaken in other states. These outcomes
have not been included in this analysis.
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Discussion (cont.)
Funding model
The results provide an overall positive NPV from 2030 and
2050 scenario under a fully government funded model.
To gain further insights on the funding model, we have looked
at the energy sector. For alternative energy projects, as the
risk profile of the technology and the comfort over the
technical solutions is understood by the private sector, there
has been an increased shift towards private sector in terms of
funding. This has been combined with the decrease in cost for
alternative energy projects. As a result, the proportion of
Government funding has decreased.
Work to date indicate that Government would not entirely
finance and take on project risk of a CCGT-CCS enabled plant.
Unlike other Government funded projects, there would be an
industry role for funding a CCGT-CCS enabled plant.
The Government provides an enabling role when the private
sector in unable to take the risk. For example, the Victorian
Government, through the CarbonNet Project, has funded the
storage appraisal costs for CCS given the private sector would
not invest due to the high level of risk. De-risking the project
is needed to bring investment risk down to acceptable levels
and attract private sector capital. For example, in the case of
a CCS project, once a injection licence is obtained, the project
is in a better position to attract private investors and
operators.
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Is a strong climate change action scenario
likely?
Under a commercial or hybrid funding model the results
provide an overall positive NPV under a strong climate change
action scenario.
This scenario is represented through a higher future carbon
price than that modelled in the moderate climate change
action scenario. The strong climate action scenario and the
moderate climate action scenario have been defined by the
Commission, as part of the market modelling exercise, and
are based on publications from the Australian Government
(2011), Strong Growth Low Pollution Future, Modelling a
Carbon Price, the Climate Change Authority, Final Report on
Australia’s Future Emissions Reduction Targets. Australian
Government July 2015.
It is difficult to gauge the likelihood of this scenario playing
out, as highlighted by the recent volatility around climate
change policy and a carbon price in Australia.
The global Agreement from the recent Conference Of Parties
21 (‘COP 21’) held in Paris in December 2015 improved the
chances of the world taking stronger action on climate
change, however the pathway to such action and legally
binding nature of the Agreement leaves large uncertainty
around modelling a future carbon price and the level of this
price.
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Appendix A – Overview of CCS-related
challenges (paper prepared by the Commission)
The challenges presented below re indicative only and do not constitute a comprehensive list of issues related to CCS:
1.

A significant factor of uncertainty in all methods used to calculate capacity of geological reservoirs is that they are both based on one of two
parameters – i.e. reservoir pressure or pore volume, both of which are a priori unknown.

2.

CO2 injection has the potential to trigger earthquakes in response to very small increases in pore pressure. In saline aquifer formations, injected
pressure can be dissipated by the pore volumes and displace brine through the top caprock, the sides of the reservoir and the bottom. In the
event that pressure build up becomes an issue, the extraction of water from the formation will alleviate pressure. Indeed Water production is
routine in the hydrocarbon industry with an average of three times more water than oil being produced on a daily basis.

3.

There are three projects injecting on the order of 1 Mt CO2 per annum per site. No problems with pressure build up have been experienced in
the In Salah (depleted gas reservoir) and Utsira saline formations. The Snøhvit (Norway) injection experienced a significant pressure build-up
early in the injection phase, but this was remediated by re-perforating the well at a slightly shallower depth, to allow access to a saline formation
with better injectivity.

4.

Maintaining operational integrity at CO2 injection rates that are an order of magnitude larger than what has been proven is difficult to assess
using numerical modelling alone. The issue is that even small to moderate earthquakes threaten the seal integrity of a CO2 repository. Although
the ground shaking from small to moderate earthquakes, e.g. M ~ 4, is inconsequential, it would be associated with several centimetres of slip
on a fault several kilometres in size. A slip of this magnitude would be capable of creating a permeable hydraulic pathway that could compromise
the seal integrity of the CO2 reservoir and potentially reach the near surface.

5.

The number of wells that would have to be established to meet the CO2 production demand constraint is determined by the quantum of CO2 that
can be safely injected into a reservoir such that tensile stress limits on the caprock are not breached. This in turn is dependent upon the subsurface characteristics of the reservoir into which CO2 is injected. These geological parameters are inherently uncertain and can only be
discovered by establishing injection wells and CO2 reservoirs.

6.

Mathias et al. (2015) recently developed an analytical model of the maximum allowable cost (MAC) per ton of CO2 stored and the corresponding
operational well-injection rate scenario that does not breach a pressure build-up criterion. This modelling study, based on the UK, showed that
there is adequate storage capacity for 40 years of CO2 emissions from the UK under a high well-injection rate scenario. The maximum
acceptable cost reported for these wells was on the order of €3.75 per ton of CO2 – not incorporating pipeline, transport, compression or
capture. Using a similar analytical model the CO2CRC estimated cost for sequestration that was of a similar order.

7.

However, these costs do not incorporate the exploration and appraisal expenditure that is critical to understanding the feasibility of long-term
CO2 geological storage. The scale of expenditure required is itself uncertain, but could be on the order of $1 – 2 B for Australia and $30 – 50 B
in worldwide exploration and appraisal by 2030.
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Limitations of our report
© 2016 Ernst & Young Australia. Liability limited by a scheme approved under Professional Standards Legislation
Restrictions on Report Use
The Report may only be relied upon by Nuclear Fuel Cycle Royal Commission pursuant to the terms and conditions referred to the
Professional Services Agreement between the EY and the Commission dated 18 January 2016. Any commercial decisions taken
by Nuclear Fuel Cycle Royal Commission are not within the scope of our duty of care and in making such decisions Nuclear Fuel
Cycle Royal Commission should take into account the limitations of the scope of our work and other factors, commercial or
otherwise, of which you should be aware of from sources other than our work.
EY disclaims all liability to any party other than Nuclear Fuel Cycle Royal Commission for all costs, loss, damage and liability that
the third party may suffer or incur arising from or relating to or in any way connected with the provision of the Report to the third
party without our prior written consent. If others choose to rely in any way on the Report they do so entirely at their own risk.
Liability is limited by a scheme approved under professional standards legislation.
Basis of Our Work
We have not independently verified, or accept any responsibility or liability for independently verifying, any information provided
to us by the Nuclear Fuel Cycle Royal Commission, or information obtained in the public domain for the purpose of this analysis,
nor do we make any representation as to the accuracy or completeness of the information.
This report was prepared for the sole and exclusive benefit of the Nuclear Fuel Cycle Royal Commission for the purpose of
providing the analysis of investment risks associated with exploration and site appraisal for CCS. Any use of this report by the
Commission is subject to the terms and conditions of the Professional Services Agreement between the EY and the Commission
dated 18 January 2016, including the limitations on liability set out therein.
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