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Executive Summary

Electricity markets around the world are changing rapidly as economies decarbonise in response to global
warming and technological change. In Australia, the rapid growth in renewable generation and distributed
energy resources (DER), combined with the closure of coal plant, are creating significant challenges for market

participants, network companies, and customers.

The pace of change appears to be accelerating. Previously held preconceptions regarding the limitations of
renewable generation to meet our future energy needs are being challenged, as Renewable Energy Zones
(REZs) and large scale storage projects obtain support from investors and state government policies. The
rapid pace of change is driving the need for network investment to accommodate radically different generation
and load flows across the National Electricity Market (NEM).

In its role as the national transmission planner, the Australian Energy Market Operator (AEMO) is responsible
for publishing an Integrated System Plan (ISP) every two years. The purpose of the ISP is to coordinate
transmission and generation planning to provide for the efficient development of the power system over a
planning horizon of at least 20 years. The ISP is a whole-of-system plan that reflects the long-term interests

of electricity customers by meeting their needs at the lowest total cost.

In the 2020 ISP, AEMO identified6 act i onab | e.ThesSPprojects ar¢ rarttrandmission investments

(or non-network options)!thatar e required to address an identified ne
optimal development path. In other words, actionable ISP projects are needed to deliver the lowest cost
solution that meet s ¢ u ntite 2020rISPH AEBIO elentifiedi Pcojedt Warimus asdas .

actionable ISP project, as described below:?

iMar i nus L i-gtaged actionadble 18R graject to be completed from 2028-29, with early
works recommended to start as soon as possible, and with further stages to proceed if their

respective decisiddn rules are satisfied. o

The purpose of this Project Assessment Conclusions Report (PACR) i s t o further tisst AEN
2020 ISP by completing the Regulatory Investment Test for transmission (RIT-T) in accordance with the new

regulatory arrangements for actionable ISP projects, which were introduced in July 2020.

I'n accordance with the definition of 6actionable | SP projectdo in th
2 AEMO, 2020 Integrated System Plan, July 2020, page 82.

3 2020 Integrated System Plan collectively referred to the HVDC interconnector and North West Transmission Developments as Marinus
Link.
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Throughout t Project MaANQSO, rcée f e r kightvaoltage dieect current (HVDC)
and converter interconnector assets, known as Marinus Link, and the alternating current
(AC) transmission investment in Tasmania, known as the North West Transmission
Developments. These investments together constitute the RIT-T project, which is the
subject of this PACR.

Inputs, assumptions and scenarios for the market modelling

Our market benefit modelling for Project Marinus, conducted in accordance with the RIT-T, was undertaken

principally by Ernst & Young, with GHD beingengagedtomo del t he costs of ancill ary ¢
model |l ing approach is closely aligned with AEMOG6s | SP
of generation, storage, non-network options, demand side response, and transmission developments, without

any preference for particular types of investment solutions or technologies.

To identify the net economic benefit from Project Marinus, Er nst & Youngés modelling e
of meeting cust ocnmetrys 6n ef eudtsu roew Redjdedidrdnasdundenttie five scenarids that

AEMO adopted for the 2020 ISP. For the PACR, we have ensured that our inputs and assumptions are aligned

with AEMOOGs s¢asrequiradty theiRiE-W.5

A key consideration in the ISP and our RIT-T is the treatment of government policy announcements, which
include state-based renewable energy targets and, in some instances, contracting arrangements to support
these targets. In Tasmania, the Tasmanian Renewable Energy Target (TRET) has now been legislated,
meeting one of the three decision rules specified in the 2020 ISP related to progressing Stage 1 of Project

Marinus to an actionable status.

To ensure that our approach in this PACR is objective, we have adopted AEMOG6s treat ment of
policies as set out in its most recent draft Inputs, Assumptions and Scenarios Report (IASR). In adopting
AEMOOGs treat ment of, wsengumnemehhapobuci assessment i's inc
particular views and preferences regarding certain policies. For example, we note that some stakeholders®

have raised questions in relation to achievement of the TRET that could equally be made in relation to other

4 Specifically, we have adopted most of the inputs and assumptions in A E MO draft 2021 Inputs, Assumptions and Scenarios Report
(Draft 2021 IASR). However, we have retained the 2020 ISP scenarios for the purpose of this PACR.

5 National Electricity Rules, clause 5.15A.3(b)(7)(iv).

5 For example, submissions made by Bob Brown Foundation and Tasmanian Renewable Energy Alliance (TREA) to the Project Marinus
Supplementary Analysis Report.
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government policies, which implicitly assume that particular transmission or generation projects proceed, or

outcomes eventuate.

To provide stakeholders with an insight into the impact of state government policies on the economic case for
Project Marinus, we have conducted sensitivity modelling to examine the effect of replacing state government
policies with a NEM-wide emission target. This approach removes distortions that may arise from state
government policies that promote projects in particular regions in preference to an optimal NEM-wide solution.
This sensitivity analysis shows that Project Marinus would be economically efficient if a Commonwealthd c ar b o n
b u d g wearetadopted and state-based policies removed. The analysis should reassure stakeholders that we
have tested Project Marinus against a range of plausible inputs and assumptions in assessing the economic

case for the project.

Listening to customers and stakeholders

Customer and stakeholder engagement is an important part of our process and we welcome the feedback we
have received. The modelling and analysis undertaken for this PACR takes into account the feedback received

from customers and stakeholders over the past three years.

TasNetworks received a total of 40 formal written submissions throughout this RIT-T process. We conducted
a total of seven industry forums across three capital cities and held a webinar during the course of this RIT-T
assessment. In addition, we held in excess of 50 targeted stakeholder briefings for those consumers and

stakeholders who sought further clarification about the economic and technical aspects of the project.

We have extended our consultation process beyond the requirements of the RIT-T, including engagement on
our Initial Feasibility Report, which we published in February 2019. The Initial Feasibility Report provided
indicative information on the likely costs and benefits of Project Marinus. The feedback we received helped
guide our modelling approach and input assumptions, which were reflected in our Project Assessment Draft
Report (PADR), published in December 2019.

We welcome the significant level of engagement from stakeholders and the feedback received in relation to
our PADR. We listened to the feedback from stakeholders that they wanted our analysis to be aligned with the
2020 ISP. To address this issue effectively, we decided to undertake further modelling and to publish the

results in our Supplementary Analysis Report in November 2020. The Supplementary Analysis Report also

" The carbon budget represents a Representative Concentration Pathway (RCP) of 2.6. An RCP of 2.6 requires that carbon dioxide (CO,)
emissions start declining by 2020 and achieve a net zero status between 2080 and 2100. RCP 2.6 is likely to keep global temperature
rises below 2°C by 2100. In comparison, an economy-wide net zero target by 2050 achieves the Paris Agreement's aspirational target
to limit global warming to below 1.5 °C. This pathway is typically referred to as RCP 1.9.
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responded to stakeholder feedback received on our PADR andadopt ed t he 2020 | SP6s wupd:z:

inputs and assumptions.

We also engaged with stakeholders and invited feedback on our Supplementary Analysis Report through a
further round of consultation and submissions. By extending the engagement process, we provided
stakeholders with an opportunity to review the updated modelling results prior to the publication of this PACR.
In preparing this PACR, we have taken account of stakeholder feedback we received on our Supplementary
Analysis Report, in addition to the feedback on our PADR. The feedback we have received has been invaluable
in identifying specific issues and concerns that we have addressed in this PACR, particularly in the material

presented in Chapters 8 and 9, the accompanying appendices and attachments.

1500 megawatts ( MW) Project Marinus is the preferred option 8

On the basis of the modelling undertaken for this PACR, a 1500 MW Project Marinus is the preferred option.
This conclusion was reached following the assessment of four credible options for increased interconnection

capacity between Tasmania and Victoria:
T Option A: A 600 MW symmetrical monopole HVDC interconnector, including associated
AC transmission network augmentation and connection assets.

i Option B: A 750 MW symmetrical monopole HVDC interconnector, including associated

AC transmission network augmentation and connection assets.

i1 Option C: A 1200 MW HVDC interconnector, comprising two 600 MW symmetrical monopole

HVDC interconnectors, plus associated AC network upgrades.

1 Option D: A 1500 MW HVDC interconnector, comprising two 750 MW symmetrical monopole

HVDC interconnectors, plus associated AC network upgrades.

8 All values presented in this report are 1 July 2020 real dollars unless stated otherwise. Net Present Value (NPV) outcomes are also
discounted back to 1 July 2020 based on the Weighted Average Cost of Capital (WACC) of 4.8 per cent for all scenarios, except Slow
Change (WACC of 3.8 per cent). The totals in the tables may not sum precisely due to rounding of the underlying values throughout the
report.

Page 10 of 162

V///7/7777777/777777277777777777777777



PROJECT SAAIIIIE1SS N
MARINUS TasNetworks

Delivering your power

The cost-benefit analysis in this PACR shows that each credible option delivers a positive net economic benefit
across every scenario. Furthermore, Option D delivers the highest net economic benefit compared to the other

credible options. This conclusion is unchanged whether:

1 An equal weighting is attributed to each scenario, as shown in the figure below; or

1 Whether a one-third Step change scenario, and two-third Central scenario weighting is adopted in

accordance with the 2020 ISP, as shown in the figure and table below.
In addition, our sensitivity analysis indicates that the selection of the preferred option is robust against a range

of different input assumptions, including project costs (which are discussed shortly).

The results below are reported for the earliest commissioning dates of 2027° for the first 750 MW stage and

2029 for the second 750 MW stage. The question of optimal timing is addressed in the next section.

Net economic benefits - LRI B - AL
($ million, NPV)
$2,161
$2,099
$2,001
$2000m $1,925
$1,868
$1,719
$1500m $1,482
$1,334
$1000m
$500m
Option A: 500 MW Option B: 750 MW Option C: 500 MW Option D: 750 MW
in 2027 in2027 in 2027 and 600 MW in 2027 and 750
in 2029 MW in 2029

Figure 1: Net economic benefit for all credible options i ISP weighting and averaged across scenarios

9 All dates in this report are on a financial year basis. The year represents the start of the financial year. For instance, 2027 represents
the financial year commencing on 1 July 2027 and ending on 30 June 2028. Unless otherwise stated, all interconnector and capacity
expansion occurs at the beginning of the financial year whereas unit retirements occur at the end of the financial year.
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Table 1: Net economic benefit for each credible option, using ISP scenario weightings i Project
Marinus timing of 2027 (Stage 1) and 2029 (Stage 2) ($ million, NPV)

Net economic benefit

Credible Options Central Scenario Step Change Scenario 2020 ISP weighting
(67% - Central & 33% -
Step Change)

600 MW

750 MW

1200 MW

1500 MW

In accordance with the RIT-T, the preferred option is a 1500 MW HVDC interconnector,
comprising two 750 MW HVDC interconnector stages, plus associated AC network upgrades

for each stage.

The pace of NEM transition and p  roject timing

Since the commencement of the Project Marinus RIT-T in July 2018, the pace of NEM transition has been
steadily increasing. Our PACR modelling indicates that the pace of transition away from coal fired generation
to variable renewable energy, supported by dispatchable storage and strategic interconnection, is likely to
gather significant momentum this decade (Figure 2) with up to 6,500 MW of additional coal-fired power stations
expected to retire by 2030, over and above the currently announced retirement schedule outlined in the 2021
Draft IASR.
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25,000

MW)

20,000

15,000

10,000

Installed coal capacity in NEM (

5,000
0
I e TR S . AR I CRR s A
S S L S S S S S O A
ISP 2018 Draft IASR 2021 == == PACR - Central Scenario with economic retirements

Figure 2: Pace of coal retirement from 2018 ISP, Draft IASR 2021 and Project Marinus PACR (Central

scenario with economic retirements)

It is evident from recent company announcements that economic conditions are driving coal fired generation
closures. In particular, since the publication of the Draft IASR 2021 in December 2020, the following

announcements indicate the increasing pace of change in response to market conditions:

1 InMarch 2021, Yallourn Power Stationd &1,480 MW)10 retirement was advanced by four years to 2028;

1 In May 2021, Eraring Power Station (2,880 MW) announced that it would commence closure from
2030, Origin Energy, the operator of Eraring, has indicated that the first of the four units will switch

off two years earlier than previously planned; and

1 In March 2021, AGL Energy undertook significant asset impairments and restructure plans, including

indications that thermal generation units could be mothballed.?

19 EnergyAustralia powers ahead with energy transition, Energy Australia, 10 March 2021.
1N S WBggest coal plant, Or i gHramirfgsstarts closure from 2030, The Australian, 18 May 2021.
12 Slide 29, AGL Energy Investor Day, 30 March 2021.
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In addition to these recent announcements,ouras sessment i s that there i s mount
current trajectory is consistent with, or exceeding the Step Change scenario as outlined in the 2020 ISP. In

particular, we note:

9 Policy initiatives and legislation have been proposed or implemented by various state governments to
advance renewable development to prepare for the retirement of the ageing thermal generation fleet.

The objectives of these initiatives are aligned with, or exceed the Step Change scenario;

I The chair of the Energy Security Board (ESB) has expressed views that the power system is already
exceeding the Step Change scenario forecast in the ISP in 202012 and that the Step Change scenario

could now be considered a conservative Central scenario given the ongoing pace of change?4;

1 Increased generation from renewables is likely to further exert commercial pressure on coal fired
generators as operational inefficiencies arise as output is continually varied to accommodate lower

cost renewable generation in the supply stack;

1 Sustained pressure from institutional investors and customers on the owners of coal-fired generators
to align their business plans with the goals of the Paris Agreement could also lead to early retirement
of assets due to environmental considerations.'® Most recently this was highlighted by the owners of
Loy Yang B power station when they flagged the challenges associated with refinancing debt for

emission intensive generation assets?5;

1 Recent announcements made by the Prime Minister and the Federal Treasurer regarding Au st r al i a 0 ¢

ambitions to reach net zero emissions as soon as possible, and preferably by 2050; and

I AEMO has indicated that one of its two Central scenarios for its 2022 ISP will reflect economy-wide

net zero emissions by 2050.

In relation to project timing, our analysis confirms the findings in our PADR and Supplementary Analysis Report
that the optimal timing of the preferred option depends on the future development of the NEM, which is subject
to ongoing unprecedented change. In this context of NEM transition, Project Marinus has the potential to
provide significant option value and ensure that wholesale power price increases owing to unexpected coal
closure or unplanned maintenance are minimised. TasNetworks has considered the optimal timing based on

the scenarios in the 2020 ISP, noting these scenarios are subject to change as AEMO prepares its 2022 ISP.

13 Post 2025 options paper, ESB, 30 April 2021.
14 E S B Besry Schott at Energy and Investment Conference, Sydney 24 March 2021.

5 The inputs and assumptions in the Step Change scenarios best capture the electricity market outcomes required to achieve the targets
of the Paris climate change agreement.

16 Alinta calls for Canberra to step in as banks retreat, The Sydney Morning Herald, 11 June 2021.
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At this stage, it is appropriate to describe the optimal timing for Stage 1 and Stage 2 of the preferred option as

falling within a window, as shown in the table below.

Table 2: Optimal timing window for commissioning 1500 MW Project Marinus

Stage . L .
(750 MW each) Optimal commissioning range across scenarios
Link 1 Between 2027 and 2031

Link 2 Between 2029 and 2034

We note that the new National Electricity Rules (Rules)” and accompanying guidelines!® cater for this type of
variability in the optimal project timing for a multi-staged actionable ISP project, such as Project Marinus. In
particular, AEMOmaye st abl i sh ¢ thésdSPdoiguide optinnal peoged timing. In addition, the Rules
provide fora O6f eedback | ooppr odjoeoterprf gpdrhert skt @prrdesf ewirtetd APl

optimal development path.

In this context, the timing for development of Project Marinus will ultimately depend on the 2022 ISP (including
any decision rules in the 2022 | SP for development of
at that time. At this stage, however,ourassessment i s that there is mounting

trajectory is at least consistent with or exceeds the Step Change scenario as outlined in the 2020 ISP.

In most instances, the lead time to withdraw dispatchable capacity from the NEM is much shorter than the
timeframe for delivering large transmission projects. Given this observation, and the rapid pace of change in
the generation sector, there is a compelling case to proceed on the basis that Project Marinus may be required
at the earliest commissioning timeline of 2027 for Stage 1 and 2029 for Stage2. Never t hel ess, AEMO(
ISP will be an important milestone in the context of Project Marinus to determine the optimal timing of the

project in light of the latest available information and updated scenarios.

We also note that the significant benefits that Project Marinus will provide to the NEM have been recognised
by the Australian and the Tasmanian governments through the execution of the Bilateral Energy and Emissions
Reduction Agreement Memorandum of Understanding (MOU). This MOU provides funding of Project Marinus

through the design and approvals phase to a final investment decision in 2023-24.

7 Clause 5.16A.

18 AER, Cost benefit analysis guidelines: Guidelines to make the Integrated System Plan actionable, August 2020.
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In relation to project timing, TasNetworks will proceed with the early works required for
Project Marinus to be able to achieve a final investment decision in 2023-24 and subsequent

commissioning of Stage 1 from as early as 2027 and Stage 2 by 2029.

The actual timing of each stage will be determined by the 2022 and subsequent ISPs and
AEMObGs assessment of the proposed project i n
required by clause 5.16A.5(b) of the Rules) and its optimal development path at that time.

Project cost estimates

We recognise the concerns raised by stakeholders that the costs of major infrastructure projects can increase
substantially from initial estimates. To address these concerns, we engaged engineering consultants, Jacobs,
toconduct an independent review of our project cost esti me
to this PACR and should provide stakeholders with confidence that our project cost estimates reflect the best
available information and assessment at this time. The expected project cost estimate for this PACR is sourced
from the Jacobs report, with the figure calculated on the basis of expected cost of the option under a range of

different reasonable cost assumptions.®

The Jacobs cost review was conducted on a probabilistic estimation basis that identifies each of the significant
cost components; determines the likely range based on previously completed projects and the associated
probability distributions of each cost component; and undertakes a sampling process to generate a probability
distribution of total project costs. The Association for the Advancement of Cost Engineering recommends

utilising the probabilistic estimation basis for all projects over $200 million in value.

Each possible outcome value of the total project cost can be given a &6value which indicates its likelihood of
occurrence. For instance, a P10 cost is the project cost with sufficient contingency to provide 10 per cent
likelihood that this cost would not be exceeded. A P90 cost is the project cost with sufficient contingency to
provide 90 per cent likelihood that this cost would not be exceeded. The contingency included in the expected

project cost is the median output from a probabilistic analysis of possible outcomes.

The Jacobs report provides an expected project cost for the delivery of Project Marinus of $3,481 million
($2020).2° This estimate is inclusive of contingency allowance based on a median probabilistic scenario.?* The

report also provides an overall range for the total project estimate of $3.1 billion to $3.8 billion ($2020). This

19 Uncertainty regarding costs, RIT-T application guidelines, August 2020.

20 The Jacobs cost estimate is in June 2021 dollars. The modelling undertaken for this PACR is in $2020. Therefore, the Jacobs cost
estimate was de-escalated by 1.11 per cent to account for inflation (March 2020 7 March 2021, Australian Bureau of Statistics), addition
of interest during construction charge and subtraction of $50 million in grant funding received by TasNetworks.

21 Refer to Project Marinus Cost Estimate Report prepared by Jacobs, released as Attachment 3 with this report.
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range is based on P10 and P90 views of the total project contingency allowance. Our sensitivity analysis
confirms that the preferred option is expected to deliver a strongly positive net economic benefit, even if the

upper cost range estimated by Jacobs eventuates.

Figure 3 shows a comparison of the likely range of costs assumed at the PADR stage, in the 2020 ISP and
now, at the PACR stage. The cost estimate for the PADR was based on a fheatoestimate ($2.8 billion, $2020),
which excluded accuracy/growth allowances and contingencies, whereas the cost estimate for the 2020 ISP
included an accuracy allowance (commonly referred to as the fbase estimated. The 2020 ISP subsequently

applied a 30 per cent deterministic contingency on the base estimate of $3.2 billion ($2020).

It can be seen that whilst the underlying cost estimate (ie.t he fAneato esti mate befor
contingencies) has increased by 10 per cent since the PADR, the contingency amount has reduced such that
the expected total project cost is comparable to the PADR. This is explained by the more advanced status of

the scope definition, engineering, route alignment and other matters, leading to more certainty.

. Accuracy/ .
- B vectestimate N Crowth Contingency
Total project cost
($2020, million)
$4,190
$4,000
$3,827-P90
$3,577 $3,481 - Expected
$3,224 -
$3.000 $3,138-P10
$2.000
$3,041
$2,823
$.000
30
PADR ISP 2020 PACR
Deterministic Deterministic Probabilistic &
contingency contingency Deterministic
30% 30% contingency

Figure 3: Range of total project cost outcomes comparison ($ million, $2020)%

22 The PADR and ISP costs have been escalated from their original 2019 basis to 2020 prices. Inflation rate of 2.2 per cent based on ABS
data for March 2019 to March 2020.
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If Project Marinus is completed in two stages spaced no more than 2 to 3 years apart, $600 million in total
project cost savings can be achieved compared to two standalone 750 MW links. The savings are derived
from streamlining environmental approvals, civil works, horizontal direct drilling and procuring volume

discounts from suppliers for cable and converter stations.

In addition to ensuring that our project cost estimates are robust, we have developed competitive tendering
and procurement processes that are designed to obtain the best value for money from our contractors and
equipment suppliers to achieve the lowest total cost of construction. Our robust project governance

arrangements will also ensure that project costs are subject to ongoing management and review.

How does Project Marinus deliver benefits?

It is evident from the feedback we have received from stakeholders that our PACR should go beyond the
requirements of the RIT-T to explain the sources of benefits that Project Marinus would unlock. As part of this
explanation, stakeholders specifically want to understand why Project Marinus is preferred to solely increasing
battery capacity on mainland Australia, and how Project Marinus interacts with the various policy and project

announcements in other NEM regions.

In broad terms, Stage 1 of Project Marinus enables customers in the NEM to benefit from spare dispatchable
capacity that already exi s,talengwith acteassmsameiofaheé bestwipdkesaurces y st e m
in the country. Stage 2 is expected to be in service at least two years after Stage 1, at which time our modelling
shows that Australian mainland NEM regions would otherwise require additional peaking gas-fired generation
and/or deep storage. By staging Project Marinus, investment in lower cost storage capacity and wind

generation in Tasmania will provide savings to the mainland NEM by displacing more expensive alternatives.
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Avoided fuel
costs

Avoided generator
variable costs

A:’:::::Izﬁz Avoided unserved
costs Ry

Contribution _————* Rehabilitation

costs

Avoided by each of Ancilla
g:::l;t;: market servic';y Synchronous
benefits class enefis et

system strength

Step Change
scenario

Deferred and avoided
capital costs

Figure 4: Market benefits provided by Project Marinus, Step Change scenario, 2027 and 202973

Our findings indicate that strategic transmission investment and long-duration energy storage have a key role

toplay in addressing the risk associ at e dREOuUrdnalysisalsought 6
indicates that the benefits of interconnection are underestimated, owing to the computationally intensive nature

of system analysis, such that high-level, simplifying assumptions are made to support timely and cost-effective

modelling. This means that the complexity of the NEM is understated, including through conducting system

studies based on expected outcomes and perfect foresight, undertaking analysis at hourly granularity and

utilising separate models for capacity expansion and long-term energy assessment. As explained in this report,

these simplifications understate the benefits of interconnection and deep storage to manage variability and

VRE drought.

Pricing impact

TasNetworks has received extensive feedback from customers regarding the transmission network pricing
impact of Project Marinus, particularly in Tasmania. In principle, the most equitable and efficient pricing
arrangement would allocate the costs of Project Marinus in a manner that reflects the beneficiaries. In practice,
however, the beneficiaries cannot be determined precisely and will likely change over time. As a consequence,

a pragmatic way forward needs to be developed.

2 Data values for market benefit classes with minimal contribution have not been displayed but included in the analysis.
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To progress the discussion, TasNetworks has commissioned analysis by internationally respected consultants,
FTI Consulting (FTI), to examine how customers in different NEM regions will benefit if Project Marinus

proceeds. F T | adadysis demonstrates the following:

1 Project Marinus can exert downward pressure on electricity prices across the NEM;
1 Project Marinus provides significant benefits to the end-customer;

1 The current pricing framework is not consistent withthe 6 b e n e f ip @ ip@nciglegi. the principle

that end-customers should pay according to the benefits they receive; and
91 All customers are better off if Project Marinus proceeds and costs are shared fairly across the NEM.

The ability of Project Marinus to exert downward pressure on power prices in regions not physically connected
by the interconnector may not be intuitive to some readers. However, the interconnected nature of the NEM
and the ability of an asset to exert pricing impacts across all regions was highlighted by the recent event in
Queensland with the unexpected outage at the Callide power station.2* This incident led to a doubling of
wholesale energy prices, compared to the price levels in the previous year, across most of the NEM?® as the
finely balanced supply and demand balance was disrupted. Similar to a power station outage impacting the
wholesale energy prices across all jurisdictions, Project Marinus has the ability to put downward pressure on
energy prices by introducing additional dispatchable capacity and bringing further diversity to the VRE portfolio
in the NEM.

The pricing issue is being progressed by the National Cabinet Energy Reform Committee, building on work
undertaken by the ESB and the Australian Energy Market Commission. We are continuing to work with the

Commonwealth and state governments to deliver a fair pricing outcome.

Next Steps

The publication of this PACR concludes the RIT-T process. From a regulatory perspective, the next stage of
the process is to work with the Australian Energy Regulator (AER) and AEMO on the revenue setting
arrangements for the project. These arrangements will need to address the two project components, Marinus
Link (i.e. the HVYDC and converters component) and the North West Transmission Developments component.
We will continue to consult with customers and stakeholders on these arrangements as further information

becomes available and these processes commence.

24 Update on incident at Callide power station, CS Energy, 25 May 2021.

% Callide outage feeds power price surge, Australian Financial Review, June 2021.
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1 Introdu ction and Overview

Key messages

Our RIT-T analysis shows that:

1 Project Marinus delivers value to NEM customers by providing increased access to the existing
hydro capacity in Tasmania. As more solar and wind resources replace coal-fired generation,
energy storage will be required to firm the output from these resources. Project Marinus expands
the use of existing Tasmanian hydro generation and lower cost pumped hydro to provide energy
storage more efficiently than the alternative of gas-fired generation and new storage options on

mainland Australia.

I The most significant factors influencing the economic feasibility of Project Marinus are the timing
of coal-fired generation retirement in the NEM; load forecasts; the capability and cost of battery

storage; and gas prices.

1 In accordance with the RIT-T, we have tested alternative capacities for Project Marinus
compared to the base case, across a range of different scenarios. The base case examines the
costs of meeting c u s t o memarsl or electricity if Project Marinus did not proceed. As such
the RIT-T compares Project Marinus built at various capacities and staging, to the lowest cost
alternative to Project Marinus, which includes the required storage and generation investments
on mainland Australia, as well as the additional demand management measures which would be

required if Project Marinus does not proceed.

9 Our analysis shows that Project Marinus would deliver a net economic benefit for all feasible
options and across every scenario. On this basis, Project Marinus should proceed. Our detailed
examination of the capacity options indicates that the optimal solution is a staged 1500 MW

Project Marinus, comprising early works, Stage 1 (750 MW) and Stage 2 (a further 750 MW).

1 Inaccordance with the new Rules, and in light of the ongoing pace of NEM transition, the timing
of each stage of the project will be determined by its inclusion in the optimal development path
in the 2022 ISP and subsequent ISPs.

Page 21 of 162

V///7/7777777/777777277777777777777777



PROJECT SAAIIIIE1SS N
MARINUS TasNetworks

Delivering your power

1.1 Purpose of this document

Coal generation continues to be retired with variable renewable generation, such as wind and solar generation,
increasingly taking its place. The recent announcements of the early retirement at Yallourn and Eraring power
station, and AGL Energyd s signi fi cant asset i mp a%, mmexanpes afthd r e st

unprecedented pace of change in the NEM.

To support increasing levels of VRE,the NEMneeds O6di spatchabl ed enedemand,t hat ¢
such as batteries, hydro and pumped hydro energy storage resources. The purpose of this PACR is to test the
economic case for Project Marinus in meeting these needs by providing greateracce s s t o Tasmani aods

advantages in wind resources and long-duration energy storage (LDES) capacity.

The PACR is the final stage of the RIT-T process, which is a comprehensive economic cost-benefit analysis,
comparing Project Marinus against other credible options to meet the identified need. The objective of the
RIT-T is to identify the Opreferred optioné, which maxim

consume, and transport electricity in the market compared to all other credible options.?’

Throughout this PACR, 6 Pr o jhiglt woltalyeadirecncursedt (HVOE)e r
and converter interconnector assets, known as Marinus Link, and the alternating current
(AC) transmission investment in Tasmania, known as the North West Transmission
Developments. These investments together constitute the RIT-T project, which is the
subject of this PACR.

1.2 RITFTanalysis supports Project Marinus

The analysis presented in this PACR shows that a 1500 MW Project Marinus, constructed in two 750 MW
stages, satisfies the RIT-T. Our analysis shows that Project Marinus constructed in two stages according to its
earliest feasible timing of 2027 and 2029 produces an expected net economic benefit of $2,161 million?® in

present value terms compared to the base case, in which Project Marinus does not proceed.

Our modelling approach ensures that Project Marinus is tested against a wide range of alternatives, including

generation, storage, demand-side response, and other transmission projects. It is a comprehensive approach

2 AGL Energy FY21 Half-Year Results Presentation, February 2021.
27 Clause 5.16.1(b) of the Rules.

2 This estimate adopts an equal weighting across the 5 scenarios in the 2020 ISP.
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that treats all options and technologies on an equal basis, consistent with the approach adopted by AEMO in
its 2020 ISP.

1.3 A technology neutral modelling approach

OurRIT-Tanal ysi s is wunder pi nmaskdt edpagnsioB modsl twhich deYeominasgh® feast
cost evolution of the NEM to 2050.

An i mportant aspect of Ernst & Youngds mar ket modell in
of meeting customersdé future electricity needs. The mo
storage, non-network options, demand-side response and transmission investments. Each option for Project

Marinus is therefore accompanied by other investmentsacr oss t he NEM t o meet cust ome

without favouring any particular types of project or response.

Ernst & WNalysisrslgo@ssthaaProject Marinusr educes the total costs of meet
needs compared to the base case under which Project Marinus does not proceed. This outcome is consistent

with the 2020 ISP, which also concluded that Project Marinus forms part of the optimal development path.

1.4 Optimal timing and AEMO feedback loop

The Rules allow a transmission network service provider (TNSP) to lodge a Contingent Project Application to
the AER in relation to an actionable ISP project. T h e A E Riéwsof ar Gentingent Project Application will
conclude with a decision thatamendst he TNSPG6s exi sting revenue determinat
all owance for the actionable | SP project. As pddauret of t
criteria in the Rules will be applied so that only the efficient and prudent project costs are recognised in setting

the revenue allowance.
Before |l odging a Contingent Project Application, the T

1 the preferred option addresses the relevant identified need and aligns with the optimal development

path in the ISP;?° and

2% National Electricity Rules, Clause 5.16.5(b)(1).
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9 the cost of the preferred option does not change the status of the actionable ISP project as part of the

optimal development path.%°

The AER has published guidance®! thatclarifieshow it expects the O6AEMO feedback
to staged ISP projects, such as Project Marinus. I n br i e fujdanteheguirds EhR:6 s

I AEMO assesses the total cost of the proposed project in determining whether it is consistent with the
optimal development path.

1 A E MO dr#tten confirmation should identify the costs of each project stage that will be subject to a

Contingent Project Application.
I Each stage of the project should not exceed the amount specified by AEMO for that stage.

1 If the total project costs increase above the amount notified by AEMO, the TNSP is required to seek

A E MO dpslated confirmation that the project remains aligned with the optimal development path.

1 Despite gaining approval through A E M O fesedback loop, the AER will assess the efficiency and

prudency of the proposed expenditure for each stage of the project.

For Project Marinus, we wi | | adopt the feedback | ogudanue, motngthattheo ut | i n
project has three potential stages for revenue setting purposes: Early works, Stage 1 and Stage 2. We are
particularly conscious of the need to ensure that forecast project costs are reassessed through the feedback
loop in accordance with the approach outlined by the AER. We discuss the management of the project costs
in further detail in section 9.2 of this PACR, focusing particularly on the regulatory and commercial

arrangements that are in place to ensure that the project costs are prudent and efficient.

1.5 Structure of this PA CR

The remainder of this PACR is structured as follows:

1 Chapter 2 discusses the 2020 ISP and recent policy developments.

1 Chapter 3 discusses the RIT-T process to date; the publication of our Supplementary Analysis Report;

and the new ISP Rules.

1 Chapter 4 summarises the feedback we received on our PADR and our Supplementary Analysis

Report, and explains how we have taken this feedback into account in preparing this PACR.

30 National Electricity Rules, Clause 5.16.5(b)(2).
31 AER, Guidance note, Regulation of actionable ISP projects, March 2021, pages 29-31.
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1 Chapter 5 describes the credible options.

I Chapter 6 discusses our modelling approach in detail, including the key input assumptions, scenarios

and sensitivity analysis, the discount rate and the planning horizon.

1 Chapter 7 presents the results of our net economic benefit analysis, our sensitivity testing and the
selection of the preferred option for Project Marinus. This section also sets out the development

phases and timeframes for the preferred option.

1 Chapter 8 explains Project Marinusorole in the NEM and the benefits it is expected to deliver. This
chapter also discusses the economics of pumped storage and batteries, including the value that

Project Marinus provides in unlocking long-duration energy storage to the NEM.

1 Chapter 9 discusses the issues of transmission pricing and the effective management of project costs,
which were raised by stakeholders in their submissions.

I Chapter 10 explains the next steps.

In addition to the above chapters, we have included a number of appendices and attachments which also form
part of this PACR. The appendices provide additional detail on the following matters:

1 Appendix 1: Our response to stakeholdersésubmissions to our PADR and Supplementary Analysis

Report;

1 Appendix 2: Technical analysis summary for the preferred option;

1 Appendix 3: Explanation of net economic benefit calculation using a shortened study period; and

1 Appendix 4: Our compliance checklist, which demonstrates that this PACR meets the Rules

requirements.
In addition to the appendices, we also attach three independent expert reports:
1 Attachment 1: Ernst & Youngd sarket modelling report;

1 Attachment 2: GHD6 assessment of ancillary service costs. This analysis is unchanged from PADR

studies; and

1 Attachment 3: Jacobséreview of the estimated project costs.
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2 2020 ISP and recent policy developments

Key messages

1 The 2020 ISP provides a comprehensive assessment of the optimal combination of generation,
storage, demand-side measures and transmission investments to meet customersé energy
needs over a 20 year planning horizon. It therefore provides an important starting point for our

assessment of the economic case for Project Marinus.

I The 2020 ISP concluded that Project Marinus is a multi-staged actionable ISP project, which
should be subject to a single RIT-T process. It states that early works on both cables should be
completed by 2023-24, so that the first cable may be constructed from 2028-29 if the Step

Change scenario eventuates.

1 Subsequent to the 2020 ISP, the Prime Minister of Australia included Project Marinus as a priority
infrastructure project to be accelerated to support Au st r &OVIR-¥Dsrecovery. As a
consequence of the accelerated approvals arrangements, the earliest possible timing for Project

Marinus Stage 1 to be in service is now forecast to be 2027-28.

I Following the publication of the 2020 ISP, a number of state-based government policy initiatives
have been announced that will affect the future development of the electricity sector. In this
PACR, we are aligning our treatment of these state-based initiatives with A E M O preposed
approach as outlined in its most recent Inputs, Assumptions and Scenarios Report (IASR), which

was published in December 2020.

I As a sensitivity analysis, we have modelled the impact of a Commonwealth 6 c ar lbwdg e t
replacing all state-based policy initiatives. While this sensitivity analysis does not necessarily
reflect a likely future world, it allows us to assess the merits of Project Marinusé potential

contribution to achieving a national target in the absence of state-based policies.

21 Australiaodos complex energy t

The purpose of the ISP is to coordinate transmission and generation planning to provide for the efficient
development of the power system over a planning horizon of at least 20 years. By 2040, the 2020 ISP

concludes that the NEM would reflect the following changes:

9 Distributed Energy Resources: expected to double or triple, providing 13 to 22 per cent of total

underlying annual energy consumption.
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I New grid scale renewables: more than 26 gigawatts (GW) is needed to replace coal-fired generation,

with 63 per cent of coal-fired generation set to retire.

i Dispatchable resources: 6-19 GW of new dispatchable resources are needed to back up
renewables, in the form of utility-scale pumped hydro, fast responding gas-fired generation, battery

storage, demand response and aggregated DER participating as virtual power plants.

i1 Power system services: the growing need to actively manage power system services

(voltage control, system strength, frequency control, inertia, ramping and dispatchability).

1 Transmission: strategically placed interconnectors and REZs, coupled with firming resources, to add

capacity and balance variable resources across the NEM.

AEMO notes that the ISP serves the regulatory purpose of identifying actionable and future ISP projects, as
well as the broader purpose of informing market participants, investors, policy decision makers and
consumers. AEMO makes the following observations regarding the comprehensive nature of its modelling

approach:32

AAs a r i goof-sysiesn planhtbel ISP is a far more comprehensive and richer analysis
than other comparable modelling exercises for Austr
only the capital and fuel costs of generation but also future network developments and
deployment of DER. It includes a degree of sector coupling with the transport and gas sectors. It
also takes the first steps towards including insights on the role of hydrogen. It incorporates
innovations in consumer-owned DER, virtual power plants, large-scale generation, energy
storage, and power-system services. Finally, it ensures the physical limitations and constraints of

Australiads energy system are accurately represente:

In relation to its modelling approach, AEMO explains that it uses scenario modelling and cost-benefit analysis
to determine the most efficient ways to meet power system needs, in the long-term interests of consumers.
The key el ements in AEMOG6s approach for the 2020 | SP a

I Consultation on ISP assumptions, scenarios and sensitivities. AEMO consulted extensively with
industry, academia, government, developers and consumer representatives, culminating in its
Forecasting and Planning Scenarios, Inputs and Assumptions Report in August 2019. AEMO
subsequently updated its inputs and assumptions, drawing on feedback received on the Draft 2020
ISP.

32 AEMO, 2020 Integrated System Plan, July 2020, page 10.

Page 27 of 162

V///7/7777777/777777277777777777777777



PROJECT SAAIIIILSELT ~
MARINUS TasNetworks

Delivering your power

I Five scenarios to trace different speeds of transition:
o Central scenario, which reflects current Commonwealth and state government policies;
o0 Slow Change scenario with slower economic growth and emission reductions;
o High DER scenario with more rapid consumer adoption of DER,;
o Fast Change scenario with greater investment in grid-scale technology; and

0 Step Change scenario where both consumer-led and technology-led transitions occur in the

midst of aggressive global decarbonisation.

1 Two new sensitivities to test changes in inputs that could materially alter the optimal
development path: being the legislation of the TRET of 200 per cent by 2040, and updated demand
forecasts including the potential impacts of COVID-19 and recent trends in photovoltaic (PV) sales.

As discussed shortly, the TRET has subsequently been legislated and will be factored into AE MO®& s
2022 ISP.

Inourview,the2 020 | SP provides the most comprehensive analys
needs over the next 20 years. The objective of the ISP, which is to identify an optimal development path having
regard to all credible options without any preference for technology, is aligned with the RIT-T objective. Given
this background, the findings of the 2020 ISP in relation to Project Marinus are of significant importance to this
PACR and provide a starting point for our RIT-T analysis. Furthermore, the 2020 ISP provides a point of
reference for verifying our modelling results, and should provide stakeholders with confidence that our

approach is aligned with the views of the independent national transmission planner.

2.2 ISP findings for Project Marinus

The 2020 | SP identifies the following transmission proj

ISPprojectsd):
I VNI Minor: a minor upgrade to the existing Victoria-NSW Interconnector (VNI), which is close to
completing its regulatory approval process, with project completion expected in 2022-23.

1 Project EnergyConnect: a new 330 kilovolt (kV) double-circuit interconnector between South
Australia and New South Wales, which has completed its regulatory approval process. The project

completion is expected by 2024-25.

9 HumeLink: a 500 kV transmission upgrade to reinforce the NSW southern shared network and

(@)
n

increase transfer capacity between the Snowy Mountains hydroelectric scheme and ther e gi o n
demand centres. This project commenced its regulatory approval process earlier this year, with project
completion due by 2025-26.
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T NSW Central-West Orana REZ Transmission Link: network augmentations to support the

development of the Central-West Orana REZ in NSW. The project completion is due in 2024-25.

I n addition to these Oactionable | SP project stionablé he 20

| SP projects with decision rul®¥%sdé6, which AEMO expl ains

AThese projects are also critical to address cost,
for these projects can be assessed during the RIT-T process and will be confirmed by AEMO
during an | SP feedback | oop process with the TNSP ¢

Two interconnector projects have been identified as 06a

1 VNI West, a new high voltage alternating current interconnector between Victoria and New South

Wales; and

1 Project Marinus, which AEMO defines as two new HVDC cables connecting Victoria and Tasmania
and the supporting staged Tasmanian AC transmission investment between the Burnie area and

Palmerston Substation.34

In relation to Project Marinus, AEMO explains that:3®

AMar i nus L i-staged actsonable IBRiprojedt to be completed from 2028-29, with early
works recommended to start as soon as possible, and with further stages to proceed if their

respectvedeci si on rules are satisfied. o

AEMO explains that its 2020 ISP anal ysi s recognises o6option valued by
commence as soon as possible in anticipation of the first cable being operational by 2028-29, noting that the
first link is needed no later than 2031-32. Table 3 shows the 2 0 2 0  lo@ifR& tsming of Project Marinus
weighted by the four scenarios in the 2020 ISP where Project Marinus forms part of the optimal development
path (i.e. excludingt he 6 S| ow Ch a mhg @edisios to fast-mackiermvironmental approvals for Project
Marinus by the state and commonwealth governments was announced post the release of the 2020 ISP. This

decision enabled advancing the commissioning for first stage of Project Marinus to 2027.

33 AEMO, 2020 Integrated System Plan, July 2020, page 14.
34 The Final 2020 ISP Transmission outlook spreadsheet outlines the complete project description and required network augmentation.

35 AEMO, 2020 Integrated System Plan, July 2020, page 82.
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Table3:2 02 0 Ic@rndssioning range for Project Marinus

Stage 2020ISP6s opt i m
(750 MW each) commissioning range®

Link 1 Between 2028 and 2031

Link 2 Between 2031 and 2035

The ISP concludes by defining Project Marinus as follows:3”

AMarinus Link i s therstafedactonable SR projectwith a sirgle RIT-Thu | t i

process as follows:

Complete early works on both cables by no later than 2023-24.

Stage 1 of the project, as described by TasNetworks in its PADR, is to construct the first cable

from 2028-29 should the Step Change scenario eventuate, and by no later than 2031-32, if

decision rules are satisfied. The decision rules for Marinus Link to proceed from early works to

construct the first cable include:

o there is successful resolution as to how the costs of the project will be recovered (from

consumers or other sources), and

o either TRET is legislated, or, either of the Step Change or Fast Change scenario unfolds.
I Stage 2 of the project, as described by TasNetworks in its PADR, is to construct the second

cable if further decision rules are satisfied. The decision rules for Marinus Link to proceed to

construct the second cable will be specified in the 2022 ISP, with the intent that this stage

continues to be assessed to deliver value atthatt i me . 0

3% The 2020 ISP found that Project Marinus and VNI West are not needed in the Slow Change scenario, so the average timing relates to
four of the five scenarios.

37 AEMO, 2020 Integrated System Plan, July 2020, page 83.
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2.3 Inputs, assumptions and policy developments

2.3.1 Inputs and assumptions

Whilst the 2020 ISP is a key reference point for this PACR, the pace of change across the electricity sector
has resulted in a number of subsequent developments and emerging issues that need to be factored into our
RIT-T modelling. AEMO is currently in the process of considering these issues in developing its 2021 IASR.38
At present, AEMO has published a draft version of the 2021 IASR, with the final version expected to be
published in July 2021. The data in the final IASR inputs will be applied by AEMO in its draft 2022 ISP and the
2021 Electricity Statement of Opportunities.

In its draft 2021 IASR, AEMO notes that major sectoral uncertainties have been identified through insights

developed in the 2020 ISP and recent stakeholder engagement, including: 3°

1 The size of consumer energy demand, including the scale of energy avoided and self-generated, and

the future outlook for energy intensive large industrial loads.
1 Generation and storage technology cost evolution, both grid-scale and distributed energy resources.

1 Environmental outcomes, particularly decarbonisation objectives, and the scale and timing of

coal-fired generation closures.

1 Government policies to support regional economic development, domestic manufacturing and jobs

growth, build energy resilience, and keep downward pressure on energy prices.

1 The extent of greater electrification and the location of this demand, as other sectors decarbonise and

new industries, such as hydrogen production, emerge.

Against this backdrop, AEMO has engaged with stakeholders to develop its future scenarios for use in its
2021-22 forecasting publications. In submissions to our PADR and our Supplementary Analysis Report,
stakeholders raised questions regarding input costs that may affect, either positively or negatively, the
economic case for Project Marinus. For example, one submitter commented on our assumption that a total
replacement of a battery installation is required every 20 years. An alternative view was expressed that the
balance of plant infrastructure does not need to be replaced and the cost of repowering battery capacity is the

cost of the new cells minus any residual value of the old cells.

38 AEMO, Draft 2021 Inputs, Assumptions and Scenarios Report, December 2020.
3% AEMO, Draft 2021 Inputs, Assumptions and Scenarios Report, December 2020, page 17.
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I n responding to stakeholdersdé diverse views relating
obj ective approach is to rely on AEMO6s | atest inputs ar
that our selection of input data cannot be regarded as biased towards estimates that favour Project Marinus.
Furthermore, while the draft IASR is not settled it is preferable to adopt this data, rather than rely on older

information used by AEMO in the 2020 ISP. In particular, we expect that stakeholders would criticise the use
ofdatathatd oes not r ef | ewews, paBEddary where theseviews reflect stakeholder feedback.

For instance, stakeholderséviews regarding replacing the battery cell pack, but not the balance of plant

equipment, were addressed in the draft 2021 IASR. The draft 2021 IASR also captures a further lowering of

battery cost projections and capital costs associated with variable renewable energy generators. For these
reasons, we propose to adopt AEMOG6s draft | ASR inputs

To provide continuity with the 2020 ISP, we proposet o r et ai n A E MQORissPAGR: le talking this s
approach, we notethatst akehol der s submissions to our PADR empha
with the 2020 ISP. This feedback led us to publish our Supplementary Analysis Report, which adopted the

2020 ISP scenarios.

2.3.2 Treatment of government policies

AEMO has explained that it will only adopt a government policy in all its scenarios if the policy is sufficiently
developed to enable its impacts on the power system to be identified, and meets at least one of the following
conditions:*°

1 A commitment has been made in an international agreement to implement that policy;

1 That policy has been enacted in legislation;

1 There is a regulatory obligation in relation to that policy;

1 There is material funding allocated to that policy in a budget of the relevant participating jurisdiction;

or
1 The Ministerial Council of Energy has advised AEMO to incorporate the policy.

AEMO has applied the above approach to recent policy developments, as described below. In compiling this
summary, we nhote that AEMO®&6s current position is subjec

initiatives will continue to evolve.4!

40 AEMO, Draft 2021 Inputs, Assumptions and Scenarios Report, December 2020, page 42.
41 AEMO, Draft 2021 Inputs, Assumptions and Scenarios Report, December 2020, pages 42 to 46.
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T Aust r a2030 enfissions reduction target

The Commonwealth Government has set a target to reduce greenhouse gas emissions to 26 per cent
below 2005 levels by 2030. In the 2020 ISP, this target was exceeded across all scenarios to varying
degrees, and AEMO expects this situation to continue in its future scenarios. As a result, the 2030

emissions reduction target is a non-binding constraint from a modelling perspective.
I Large-scale Renewable Energy Target (LRET)

The national LRET is a legislated policy that provides a form of stimulus to renewable energy
development. The LRET is generally considered to have been met, and AEMO notes that it provides
minimal further incentive to construct VRE. As such, AEMO does not take account of this policy in its

modelling.
1 Victorian Renewable Energy Target (VRET)

The VRET mandates 40 per cent of the regiond generation be sourced from renewable sources by
2025 and 50 per cent by 2030. The target is measured against Victorian generation, including

renewable DER. The VRET is legislated and therefore will be included in A E M O écenarios.
9 Victorian 2020-21 budget initiatives affecting REZs and energy efficiency

In its 2020-21 budget, Victoria has set aside significant funding i a $1.6 billion investment i for the
establishment of clean energy initiatives and energy efficiency upgrades to homes. This includes
$540 million to establish six REZs.

In its draft IASR, AEMO comments that currently this policy is not sufficiently detailed to identify the
specific impacts on the power system, and therefore it has not been included in all its scenarios. AEMO

also notes that the policy may be addressed in the 2022 ISP.

As explained in further detail below, we propose to follow A E M O assessment and not factor these
potential developments into our PACR modelling. Instead, a sensitivity analysis has been conducted

with 10,000 MW of renewable energy projects developed in the Victorian REZs.
1 Queensland Renewable Energy Target (QRET)

The Queensland Government has committed to a 50 per cent renewable energy target by 2030. As
the Queensland Government has committed material funding to the delivery of the QRET in the

2020-21 Queensland Budget Papers, the policy will be included in all scenarios.
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I Tasmanian Renewable Energy Target (TRET)

The Tasmanian Government has recently legislated a 200 per cent renewable energy target by 2040,
with an interim target of 150 per cent by 2030. This legislated target extends the Tasmanian
Go v e r n negistihgccemmitment for 100 per cent renewable energy by 2022. As the targets are

legislated, the TRET will be included in all scenarios.
1 New South Wales Electricity Infrastructure Roadmap

The New South Wales Government has released an Electricity Infrastructure Roadmap with the
objective of delivering an indicative 11 GW of new transmission capacity to the Central-West Orana
and New England REZs. These objectives will be progressed through various measures and

processes.

The Electricity Infrastructure Investment Act 2020 recently passed both houses of the New South
Wales Parliament. The legislation sets out minimum objectives that, by the end of 2029, the following

renewable generation capacity targets will be met:

0 8 GW of capacity from the New England REZ.

0 3 GW of capacity from the Central-West Orana REZ.

o 1 GW of additional generation capacity.

o0 2 GW of dispatchable capacity with a storage duration of at least 8 hours.

AEMO is therefore proposing to model the policy as a minimum constraint on development of new
VRE in New South Wales by 2030. The objective of this policy also suggests that the state is preparing

for a Step Change scenario eventuating.

I National Electricity (Victoria) Act (NEVA) i amendment for expedited approval of transmission

upgrades

The amendment to the NEVA in February 2020 was made to facilitate the expedited approval of
transmission system upgrades. The Act enables the Minister to approve augmentations of the
Victorian transmission system. This process was recently used to procure 300 MW/377 MWh of

System Integrity Protection Scheme battery storage at Moorabool.

For the purpose of the ISP, AEMO explains that any Ministerial order that has progressed to the point
of approval will be considered as a committed investment, and therefore the merchant energy arbitrage

portion of the battery storage is included in all scenarios.*?

42 The battery is expected to reserve 250 MW/125 MWh of its capacity during summer months to allow AEMO to increase southerly flow
across VNI by increasing the thermal limit so that VNI can operate closer to its current maximum physical capacity.
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9 Distributed energy resources policies
Various policies and initiatives exist across NEM jurisdictions to support uptake of DER, including:
0 South Australia i Home Battery Scheme.
o VictoriaT Solar Homes Scheme.
o New South Wales i Clean Energy Initiatives.
o Emission Reduction Fund and Victorian Energy Saver Incentive Scheme.
0 Australian Capital Territory Next Generation Energy Storage program.

o Trial programs to integrate virtual power plants and explore how a network of small-scale PV and
batteries can be collectively controlled and fed into the grid.

AEMO intends to incorporate each of these schemes in its DER uptake and behavioural analysis.
1 Energy efficiency policies

There are numerous state-based energy efficiency policies that AEMO has taken into account in
developing its electricity demand forecasts. A detailed discussion of how AEMO intends to map these
policies onto its future scenarios is presented in its draft IASR, noting that this is subject to stakeholder
consultation. For the purposes of our PACR, we will account for energy efficiency policies by adopting
AEM O 6demand forecasts.

While our scenarios in this PACR are unchanged from those adopted in the 2020 ISP, our modelling approach

will adopt AEMO&s proposed treat ment of the policies descril
approach to government policies in our modelling, stakeholders can have confidence that our treatment is

unbi ased and c¢ ons imestrecant assessmemt ofAHedd Palicy initiatives.

We not e t hfature apfrddchnsts 2022 ISP may vary from the above summary, as policies continue
to develop over time. From a practical perspective, however, the best approach is to reflect AEMOG6s curren
assessment in our PACR modelling, rather than attempt to anticipate future changes that may, or may not,
eventuate. The | atter approach woul d r eq ucurrent pesitioniwhich maydbe ust me |

interpreted as lacking transparency and objectivity.

As discussed in Chapter 8 of this PACR, we have also conducted a sensitivity analysis that adopts a
Commonwealth, NEM-wide emissions reductions target ( o r 6 car b amnd redmaovdsgall staierbased
initiatives. While this sensitivity analysis does not necessarily reflect a likely future world, it captures the
economic case for Project Marinusi n meet i ng customer s 6 absantttherinBuened oé ct r i ¢

state-based policies, including the TRET.
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3  RITFT process and new [ISPRules

Key messages

1 The first two stages of the RIT-T for Project Marinus, being the publication of the Project

Specification Consultation Report (PSCR) and the PADR, have been successfully completed.

1 We have engaged with stakeholders on each of these steps in accordance with the Rules
requirements. A key theme in response to our PADR was that stakeholders expected us to align
our modelling with A E M O farshcoming 2020 ISP, which had not been published at that time.

I In response to stakeholder feedback, we paused our RIT-T process and published a
Supplementary Analysis Report that updated our modelling to account for the latest information
in the 2020 ISP. This updated modelling confirmed the 2020 ISP findings that Project Marinus
should be a staged, actionable ISP project, subject to satisfying specific decision rules. In
addition to consulting on the PADR, we also sought stakeholderséviews on our Supplementary

Analysis.

I Subsequent to the publication of our PADR, new Rules and guidelines were introduced relating
to the application of the RIT-T and revenue setting arrangements for actionable ISP projects,
such as Project Marinus. In this PACR, we have elected to adopt these new Rules, which means
that Project Marinus will be subjectto A E MO 6 & e e dl boadogkdre each of the project stages

(early works, Stage 1 and Stage 2) can proceed to cost recovery.

3.1 Completed stages of the RIT -T

The RIT-T process commenced with the publication of the PSCR, which we published in July 2018. The PSCR
described the ¢6éidentified needd that further interconn
also provided details of:

1 The assumptions underpinning this need;

I The credible options that would address this need;

1 How we intend to evaluate the benefits of these options;

1 The likely implementation timetable; and

1 The indicative costs.

We received 15 submissions to the PSCR, which covered a wide range of topics.
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In preparing our PADR, which was published in December 2019, we ensured that we addressed the feedback
from stakeholders, including the comments in relation to our investment assessment and modelling. In
particular, to ensure that the cost benefit analysis was robust and independent, we engaged Ernst & Young

and GHD to undertake the modelling on our behalf.

This modelling showed that Tasmania's existing hydro capacity is a significant source of value to electricity
customers, including mainland NEM customers, given the forecast coal plant closures and the projected

growth in renewable generation. Our modelling illustrated that Project Marinus unlocks this benefit by:

1 Enabling Tasmania to exploit its natural advantages in terms of topography and wind resources to

provide lower cost hydro-electric storage capacity and wind generation to mainland Australia;

1 Providing the NEM with access to lower cost, higher capacity, energy storage to 'firm up' variable

renewable energy; and

1 Displacing expensive gas-fired peaking generation on mainland Australia that would otherwise be

required to meet electricity demand.

Our detailed analysis in the PADR concluded that the optimal capacity and indicative timing for Project Marinus

is:

I Stage 1: Aninitial 750 MW HVDC link between Burnie in Tasmania and the Hazelwood area in Victoria,

together with AC network augmentations in Tasmania, would be needed as early as 2028; and

I Stage 2: The commissioning of a further 750 MW HVDC link, and AC network augmentations in

Tasmania, no later than 2032, but potentially as early as 2030.

We explained that Stage 1 would enable customers in the mainland NEM to benefit from the spare capacity
that already exi st s i nrheTimisgrofahe seaohdsstageywduldbe conjirgyénteupon the
need for dispatchable capacity due to retirement of the thermal generation fleet that would require peaking gas
fired generation and mainland storage in the absence of additional interconnector capacity. By aligning the
timing of the second stage of the interconnector capacity with the dispatchable capacity needs of the NEM,
investment in lower cost storage capacity and wind generation in Tasmania would provide further savings to

the mainland NEM by displacing more expensive alternatives.

As part of the PADR, we published reports from Ernst & Young and GHD on their modelling approaches and
results. This transparent approach ensured that the independent modelling conducted by Ernst & Young and

GHD could be reviewed by stakeholders.
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3.2 Supplementary analysis report

In response to the PADR, a key theme raised in stakeholders dubmissions was that our cost benefit analysis
should be aligned with the 2020 ISP which, at that time, had not been finalised. Given this feedback, we
decided to pause our RIT-T process so that we could consider the 2020 ISP. Subsequently, we published a
Supplementary Analysis Report*®, which updated our modelling results in light of the 2020 ISP and the

feedback from stakeholders.

While the Supplementary Analysis Report is not a formal step in the RIT-T process, we considered it important
to update the modelling results we presented in our PADR and provide stakeholders with a further opportunity
to make submissions. The Supplementary Analysis Report also provided us with an opportunity to explain how
we intended to address stakeholdersofeedback on the PADR. By allowing an extra step in the consultation
process, we increased the transparency of our process by publishing our updated modelling in advance of this
PACR.

Our supplementary cost benefit analysis focused on the preferred option of 1500 MW identified in our PADR
and the 2020 ISP. The insights from the Supplementary Analysis Report were broadly consistent with the 2020

ISP. In particular:

1 Early works for both stages should be completed by 2023-24;
I Stage 1 of the project should be in-service by no later than 2031-32, with TRET legislated; and

I The timing of Stage 1 would be needed at the earliest possible timing (estimated to be 2027) if the
Step Change scenario eventuates and Stage 2 should be in-service shortly after Stage 1 if the Step

Change scenario eventuates.

Our Supplementary Analysis Report explained that input assumptions will continue to change as new
information becomes available. As explained in the previous chapter, for the purpose of this PACR, we have
adopted AEMOG6s | at est initspraft ASR andds peoposed treatménbaf the various
government policy initiatives. In our view, this approach is consistent with stakeholders @eedback that our
RIT-T analysis should be aligned with pd&ibES Gssurance itor e n t v

stakeholders that our modelling is transparent and objective.

4% TasNetworks, Regulatory Investment Test for Transmission Supplementary Analysis Report, 5 November 2020.
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3.3 New ISPRules

On 1 July 2020, new Rules were introduced that establish the ISP in the planning and regulatory framework

by:

9 defining the roles and responsibilities of AEMO, the TNSPs and the AER,;

1 explaining how the cost-benefit analysis will work, given the analysis undertaken in the ISP to identify

actionable ISP projects and the requirement for TNSPs to undertake the RIT-T; and

1 ensuring that TNSPs can obtain cost recovery for actionable ISP projects through streamlined

contingent project provisions.

For the purpose of this PACR, it is useful to highlight the following aspects of the new ISP Rules:

1 Asimplified set of contingent project triggers apply to actionable ISP projects so that the TNSP is able
to obtain cost recovery. As part of this process, there is a requirement for TNSPs to obtain confirmation
from AEMO that the project meets the identified need in the ISP and the project costs are consistent

with the | S Paptanal development path.

I Transitional arrangements apply so that TNSPs can choose whether to apply the new RIT-T
arrangements for actionable ISP projects or continue with the previous Rules, if the RIT-T has already

commenced or the project was identified as a contingent projectinthe T N S Prévenue determination.

In accordance with the ISP Rules, the AER published its final ISP guidelines on 25 August 2020. The AER
explained that in its view the RIT-T for Project Marinusi s &ésubstantially compl eted ar
to apply the new RIT-T guidelines, even if TasNetworks elects to adopt the new Rules.#*The AEROs t ab

below confirms this approach.*®

4 AER, Fact Sheet, Final Guidelines for Integrated System Plan, August 2020, page 2.
% AER, Final Decision, Guidelines to make the Integrated System Plan actionable, August 2020, page 19.
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Table 4: Transitional arrangements for ISP Projects, AER

Regulatory Process New ISP rules apply? Final AER guidelines apply?
VNI Minor RIT-T Yes — at election of TNSP No — RIT-T already finalised

Project EnergyConnect RIT-T  Yes — at election of TNSP No — RIT-T already finalised

HumelLink RIT-T Yes — at election of TNSP No — RIT-T past draft report stage™
MarinusLink RIT-T Yes — at election of TNSP No — RIT-T past draft report stage
VNI West RIT-T Yes — at election of TNSP Yes

Central West REZ RIT-T Yes Yes

In explaining the above approach, the AER emphasises the importance of not restarting the RIT-T analysis if
the PADR has already been published:*®

i listnot appropriate for the guidelines to apply to RIT-T applications where a draft report has
been published. Such RIT-T applications are substantively underway and may require re-starting
the draft report. For these RIT-T applications, the previous RIT-T instrument and application

guidelines continuetoapp |l y. 0o

For Project Marinus, our approach is to apply the new ISP Rules so that AEMO has the opportunity to review
our proposed project scope and costs at each of the stages (early works, Stage 1 and Stage 2) to verify that
these stages are consistent with the optimal development path in the 2020 ISP and subsequent ISPs. In

accordance withth e AERO6 s 0 hweehoseadt io cestast the RIT-T process.

4 AER, Final Decision, Guidelines to make the Integrated System Plan actionable, August 2020, page 19.
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4  Listening to stakeholders

Key messages

1 We have listened to customers and stakeholders from the inception of Project Marinus, ensuring
that their views and feedback have been taken into account. Where stakeholders have
commented that further analysis or engagement is required, we have responded positively to

these requests.

I The PACR addresses the feedback we received on the PADR and our Supplementary Analysis
Report. In this Chapter, we highlight the key themes raised in submissions. Appendix 1 provides

a more detailed explanation of how we have taken this feedback into account in this PACR.

4.1 TasNetworksGengagement approach

Customer and stakeholder engagement is an important part of our process and we welcome the feedback we
have received. We have extended the consultation process beyond the formal requirements specified in the

Rules by publishing the following additional reports:

9 Initial Feasibility Report, published in February 2019, to inform the development of our PADR; and

1 Supplementary Analysis Report, published in November 2020, to inform the development of our
PACR.

These extra steps in our engagement process demonstrate that we have adopted a consultative and
transparent approach in assessing the economic case for Project Marinus. In the remainder of this chapter,
we explain how we have taken account of the feedback we received on our PADR and the Supplementary

Analysis Report in developing this PACR.

In addition to acknowledging the valuable feedback from customers and stakeholders, we are also grateful to
AEMO for its assistance throughout the RIT-T process, particularly in relation to market modelling issues. As
explained in section 2.3, our approach in this PACR is to apuitsgnd our 1
assumptions as set out in its draft IASR.We ar e al so grateful for AEMO&s supr

jurisdictional transmission planning body.
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4.2 Feedback on our PADR

TasNetworks received 15 submissions on the PADR, including two confidential submissions. A full summary

of each non-confidential submission is provided in Appendix 1.

We welcome the significant level of engagement from stakeholders and the feedback received in relation to
our PADR. A wide range of issues were raised in stakehol
providing detailed observations regarding input assumptions and forecasts that may affect the relative costs
and benefits of Project Marinus compared to other options. In addition to the detailed forecasting issues raised

by stakeholders, the following themes emerged from stakeholder submissions:
91 support for Project Marinus from some stakeholders, challenged by others;
1 & ho pays for Project Marinus? éemains a key issue for stakeholders;
9 further consideration needs to be given to uncertainty, including COVID-19;
I some stakeholders support a staged approach to Project Marinus;
9 cost-benefit analysis in the PADR queried by some stakeholders; and

I stakeholders expect the RIT-T to align with the 2020 ISP.

In the remainder of this section, we discuss of these themes in turn.

4.2.1 Support for Project Marinus from some stakeholders,
challenged by others

The submissions provided a range of views on whether Project Marinus should proceed. Four submissions
supported Project Marinus (Clean Energy Council, Hydro Tasmania, Tasmanian Minerals, Manufacturing &
Energy Council, UPC Renewables), whilst three submissions strongly challenged the case for Project Marinus
(Basslink, Energy Australia, Tasmanian Small Business Council). Other submitters either provided qualified

support or made no specific comments in favour or against Project Marinus, but appeared broadly supportive.

We welcome the feedback received and note the range of views expressed. Our view is that the case for
Project Marinus should be settled through the application of the RIT-T, in accordance with the Rules and the
applicable AER guidelines. The purpose of this PACR is to conduct the final phase of that process to determine
if Project Marinus should proceed. As explained in section 2.2, the 2020 ISP concluded that Project Marinus
is an @ctionable ISP projectwi t h d e c i ,swhichmeansithatitssiBould proceed if these decision rules
are satisfied. While this conclusion is to be tested in this PACR, the 2020 ISP provides an important starting

point for our assessment.
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422 0 Wh o p a\ysoj@ct Maoinus

The majority of the submissions we received on the PAD
in relation to Project Marinus. This issue was also raised in response to our Supplementary Analysis Report.

We discuss this issue in further detail in section 9.1 of this PACR.

4.2.3 Treatment of uncertainty, including impact of
COVID-19

A number of submissions raised the issue of uncertainty, with some stakeholders specifically commenting on
the potential impact of COVID-19. Stakeholders highlighted uncertainty both in relation to the costs of Project
Marinus and the benefits that it is expected to provide over its asset life. Four stakeholders suggested that
uncertainty was such a significant issue that Project Marinus should not proceed within the timeframes
envisaged by the PADR (Energy Australia, ENGIE, Origin Energy, Tasmanian Small Business Council). In
addition, Energy Users Association of Australia (EUAA) highlighted concerns with the accuracy of project cost

esti mat es, gi ven EI ect r aPogett BrergyCenceetnt experi ence with

TasNetworks agrees with stakeholders that uncertainty is an important factor to consider in the RIT-T analysis.
Thi s point i s hi ghl i-§ lguidelides, ivlyich tndludes thé RIbwing RdmMmentary on

uncertainty and risk:47

AThe future wild.l BT eoropomenteapplydhie RIT-W A renmeford thd expected
costs and market benefits of a credible option (and therefore the net economic benefit) should
also be uncertain. This uncertainty may have a material impact on the selection of the preferred

option. o

TasNetworks agrees with the AERO6s observation that the
investment decision may be appropriate in some cases, uncertainty will be inherent in most investment
decisions. Furthermore, it is incorrect to regard a decision to defer an investment as necessarily being a lower

cost or lower risk option.

YTAER, Application guidelines, Regulatory investment test for transmission, August 2020, page 49.

Page 43 of 162

V///7/7777777/777777277777777777777777



PROIECT SAIILIIIIIS ~
MARINUS TasNetworks

Delivering your power

In relation to the impact of COVID-19 and the growth in DER on the case for Project Marinus, AEMO made

the following observations in its 2020 ISP:48

A Whi | e -18 @iNHau2 a noticeable impact in the next three to five years, the revised growth
in DER has a more lasting impact, leading to much lower minimum demands and operational
consumption in Victoria. This variability in operational demand, coupled with the increase in VRE
to meet VRET, would increase the need for flexibility (storage and/or interconnection) to help
balance demand and supply. This increases the value of early VNI West delivery (DP8),*° and

al so favours candidates with earlier Marinus Link d

It is evident from the 2020 ISPand AEMOO6s s ub s e gthaeimptit assdumpatibnis will cariirRie to
change as new information becomes available. The RIT-T provides a robust framework for addressing
uncertainty, through the application of scenario analysis and sensitivity testing. Our application of the RIT-T in
this PACR, together with the adoption of AEMOO&6s | atest
regarding the impact of uncertainty. In relation to project cost estimates, we have undertaken further work to
ensure that the risks of unexpected increases are managed effectively. This issue is discussed in further detalil

in section 9.2.

4.2.4 Staged approachto  Project Marinus

A number of stakeholders commented on the proposed staging of Project Marinus in the PADR, highlighting
that staging assists in managing uncertainty (EUAA, Hydro Tasmania, Tasmanian Minerals, Manufacturing &

Energy Council).

TasNetworks supports the concept of staging Project Marinus. As highlighted by submitters, staging the project
is a potentially useful means of addressing the issues of risk and uncertainty, including construction risk. It is
also closely related to the issue of option value, where additional value can be obtained by taking action to

preserve opportunities to take different courses of action in light of new information.

4.3 Feedback on our Supplementary Analysis Report

In November 2020, we published our Supplementary Analysis Report, which responded to stakeholder
feedback received on the PADR and updated the modelling result to reflect the scenarios, inputs and

assumptions from the 2020 ISP. The modelling for this report focused on the preferred option identified in our

4 AEMO, 2020 Integrated System Plan, July 2020, page 74.

4% Development path.
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PADR and the 2020 ISP of 1500 MW, commissioned in two stages of 750 MW each. This report also
highlighted the pace of transition in the NEM and stressed the importance of reaching final investment decision
by financial year 2023-24. In addition to holding a webinar, we invited stakeholders to lodge submissions and

we received 10 responses. A full summary of all the submissions is provided in Appendix 1.

In addition to raising the issuesof 6 wh o mdyk&,hol der s 6ovesed tharfollevng tbemss, each

of which is discussed below:

Stakeholder consultation;

Recent state government announcements;
Batteries as an alternative to Project Marinus;
TRET and Battery of a Nation;

Project benefits; and

= =4 -4 -4 -4 -

Staging of the two links.

4.3.1 Stakeholder consultation

Three submitters provided positive feedback regarding
UPC Renewables). For example, TREA commented that it is highly appreciative of the transparent way in
which this process has been conducted, including the release of underlying assumptions, the publication of
the material presented at the public consultation forum and the personal briefing and follow up information

provided to TREA by Project Marinus staff.

However, the landholders of Buffalo and surrounding area were highly critical of the lack of engagement with
landowners in Victoria that will be affected by the proposed project route. In December, we published the
proposed route overview®® and the subsequent unabridged Marinus Link Route Options Report.5! Public
release of these reports provided summary and in-depth evaluations pertinent to the concerns raised by these
stakeholders. In addition to these reports, TasNetworks hosted a community webinar and multiple workshops
and information sessions in Victoria to work with potentially impacted landowners and communities along the

proposed HVDC route.

The submission from landholders was made before the release of the route options reports and we hope that

the material released in conjunction with ongoing stakeholder and community engagement activities

50 Marinus Link Proposed Route Overview, December 2020

51 Marinus Link Route Options Report, TasNetworks, February 2021
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adequately addressed comments raised by the landholders of Buffalo and surrounding area. Further
information regarding stakeholder and community engagement undertaken by the Project Marinus team is

available on our website.5?

4.4 Recent Government initiatives

A number of submitters commented on the recent announcements by state governments in support of battery
projects and REZs undermining the case for Project Marinus. The timing of these announcements meant that

they were not considered in the cost benefit analysis presented in our Supplementary Analysis Report.

For some stakeholders, the recently announced projects are considered to be competitors to Project Marinus
and cast doubt economit wiabilityp In oognteast, tothes submitters viewed the recent project
announcements as indicating that the Step Change scenario is more likely to occur, or could possibly be

overshot, therefore reinforcing the case for Project Marinus.

We have addressed the treatment of government policy initiatives in this PACR, as explained in section 2.3.2.

4.5 Batteries as an alternative to  Project Marinus

The Bob Brown Foundation and TREA argued that batteries are likely to be more cost effective than Project
Marinus. In making this case, both referred to a 2020 report from Mountain and Percy of the Victorian Energy
Policy Centre. TasCOSS also referred to a recent report by Cornwall Insight Australia, which estimates that
approximately 7,000 MW of battery storage projects are proposed or are currently in the planning process in
Australia, of which almost 1,000 MW is set to be delivered by 2024. Hydro Tasmania argued that long term

storage is required as part of a storage portfolio, but does not expand on this view in its submission.

In this PACR, we anticipate significant uptake of battery storage in a NEM with and without Project Marinus.
We have undertaken further analysis to assess whether batteries are able to provide a more cost effective
solution than Project Marinus and associated access to cost-effective Tasmanian deep storage. This analysis

is presented in Chapter 8.

52 Community Engagement, Project Marinus
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4.6 TRET and Battery of a Nation

Both Bob Brown Foundation and TREA argued that the modelling approach to TRET is inappropriate. TREA

describes the approach as creating:53

[ . . Jreindorciageldop of assumptions: the legislation implicitly assumes that Marinus will be
built, the ISP assumes that the generation will be built, the ISP assumption that the generation

wi || be built adds to the business case for buildin

Bob Brown Foundation also criticised the modelling treatment of the costs of Project Marinus and Battery of
the Nation, suggesting that the business case for each project assumes that the other one will proceed. The

criticism made isthatthisi s a fAsl eight of hand. o

To address the concern raised, we can confirm that our modelling does not assume any Tasmanian pumped
hydro investment to be a committed investment (i.e. expected to proceed irrespective of economics). Instead,
all pumped hydro development in Tasmania is determined endogenously by the model based on least cost
outcomes for the whole of system. We also note that the results in our Supplementary Analysis Report
confirmed the findings in the 2020 ISP, which should provide stakeholders with comfort that our modelling
approach s aligned with AEMOQQbBessensitivity analesis dudimed in cmapteed thai n g .
replaces all the state-based schemes with a Commonwealth target should provide stakeholders with additional
confidence on the overall value proposition of Project Marinus, with or without TRET or other state-based

schemes.

4.7 Project benefits

The landholders of Buffalo and surrounding area raise concerns that the expected net economic benefits are
sensitive to the modelling assumptions. Similar concerns were expressed by a number of other submitters,
raising a range of different issues. Bob Brown Foundation and TREA commented that a breakdown of the

project benefits should be provided.

We have addressed these comments in this PACR, particularly through the sensitivity analysis and section
7.6, which provides a breakdown of the sources of benefits from Project Marinus. Chapter 8 also explains how
Project Marinus unlocks benefits across the NEM in the context of generation, storage and transmission

projects in other regions.

53 Tasmanian Renewable Energy Alliance (TREA) to the Project Marinus Supplementary Analysis Report, 8 December 2020, page 3.
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4.8 Staging options for Project Marinus

Given the mixed perspectives on Project Marinus, it is not surprising that a range of views were expressed
regarding the project 0sdthatthmeipmjgct shabld begdéeferredEuintieaftey the 20229 u e

ISP has been published (at the earliest). UPC Renewables, on the other hand, argued that the project should
be brought forward to 2026.

As noted previously in the document, we are adopting the new Rules, so the timing of each stage of the project

will be determined by its inclusion in the optimal development path in the 2022 ISP and subsequent ISPs.
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5 Description of the credible options

Thischapt er e x jpéntgfiedms e d & ProjEcaMarinus is intended to address, and describes each of
the credible options. We also explain the base case against which the credible options are tested. The
information presented in this chapter is substantially unchanged from the PADR, apart from providing updated

information where appropriate.

Key messages

1 The ddentified ne e dcdmplies with the A E R &RET-T Guidelines and is unchanged from the
description we provided in the PADR.

1 In accordance with the RIT-T, the credible options for Project Marinus are assessed against a
base case. Under the base case, the lowest cost combination of generation, demand-side
response, and storage options across the NEM is selected, assuming Project Marinus does not
proceed. The base case also includes actionable ISP projects identified in the 2020 ISP and

A E M O tiemtment of state government policies as described in section 2.3.2 of this PACR.

I The credible options outlined in the PADR were HVDC links with capacity increments of
approximately 600 MW or 750 MW, which means that the credible options are 600 MW, 750 MW,
1200 MW or 1500 MW, with staging options.

I Consistent with the PADR, the preferred route for the HVDC transmission remains between
Heybridge in Tasmania and the Latrobe Valley in Victoria, supported by upgrades to the North

West Tasmanian AC transmission network.

I Our power system analysis indicates that the preferred option is technically feasible.

5.1 Identified need

TheRIT-T requires that we should consider al/|l 6credible o

PADR, the identified need was described as follows:>4

AThe characteristics of customer demand, generatio

between Tasmania and the rest of the NEM. Increased interconnection capacity between Tasmania

54 TasNetworks, Project Marinus - Project Assessment Draft Report, December 2019, section 4.1.
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and the other NEM regions has the potential to realise a net economic benefit by capitalising on

this diversity.o
The key drivers of benefit for this project, as outlined in the 2020 ISP, include:

I Thermal coal power retirements in Victoria (and the rest of the NEM);
9 Access to high-quality wind resources in Tasmania;

1 Deep storage capability of Tasmanian hydro generation; and

1 Access to low cost pumped storage capability in Tasmania.

We did not receive any specific feedback from stakeholders in relation to the proposed wording of the identified
need in the PADR. We have therefore maintained the description of the identified need in this PACR.

5.2 Base case

T he AE R-® 6uidBlihes explains that:>®

ifThe base case Tilproponert does ndt implemRrt & credible option to meet the
identified need, but rather continues its '‘BAU activities'. 'BAU activities' are ongoing, economically

prudent activities that occur in absence of a credi

Our market modelling examines the total integrated system costs of meetingcustomer s 6 f ut ur e el ectr
to 2050. Under the base case, the model selects the lowest cost combination of generation, storage, and
demand-side response across the NEM, on the assumption that Project Marinus does not proceed. Committed
and anticipated generation and transmission projects, including actionable ISP projects, also form part of the

base case. The model allows for unserved energy, if this results in a lower total cost.

As such, a complete range of investments and operating expenditure options are considered in order to
mini mise the total costs in present value terimardenf mee

for Project Marinus to proceed, it must achieve a lower cost solution in present value terms than the base case.

% AER, Application Guidelines, Regulatory Investment Test for Transmission, August 2020, p. 21.
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5.3 Credible options

We described four credible options in the PADR:

1 Option A: A 600 MW symmetrical monopole HVDC interconnector, including associated

AC transmission network augmentation and connection assets.

1 Option B: A 750 MW symmetrical monopole HVDC interconnector, including associated

AC transmission network augmentation and connection assets.

1 Option C: 1200 MW HVDC interconnector, comprising two 600 MW symmetrical monopole

HVDC interconnectors, plus associated AC network upgrades.

1 Option D. 1500 MW HVDC interconnector, comprising two 750 MW symmetrical monopole

HVDC interconnectors, plus associated AC network upgrades.

Table 5 below provides a high-level description of each credible option, noting that there may be variations in
the detailed implementation in light of emerging information. A discussion of the technical considerations

relating to the scope of the preferred options is provided in Appendix 2.

The development of some AC route sections may be advanced in the light of drivers other than Project
Marinus, including Tasmanian customer connection requirements, for example associated with large wind and
hydrogen developments proposed to be in service earlier than 2027. Some of this advancement may initially
provide unregulated services (for example between Staverton and Hampshire Hills), whilst other elements may

provide earlier regulated services (for example between Palmerston and Sheffield).

Each of the Credible options for Project Marinus is being designed with at least 10 to 20 per cent short term
overload capability, for a period of at least 15 minutes, enabling it to provide bi-directional Frequency Control

Ancillary Services (FCAS) even when operating at full nominal power flows.
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Table 5: Outline of the credible options

Credible option Main elements of this option

A. 600 MW A single 600 MW HVDC interconnector using voltage source converter
interconnector technology and symmetrical monopole configuration. Converter stations

located at Heybridge (near Burnie) in Tasmania and at Hazelwood area in

Victoria. HVYDC transmission to use buried cable for the entire route.

AC network augmentations in Tasmania comprise:

1 Construction of a new 220 kV switching station at Heybridge adjacent
to the converter station;

Establishment of a new 220 kV switching station at Staverton;

Construction of a new double-circuit 220 kV transmission line from
Staverton to Heybridge via Hampshire and Burnie; and

9 Construction of a new double-circuit 220 kV transmission line from
Palmerston to Sheffield.

Limited AC augmentations may be required in Victoria as there is sufficient
transmission capacity to accommodate power flows to or from the
interconnector. Limited 500 kV connection assets are required to connect the
HVDC converter station to the Hazelwood area.

B. 750 MW Like Option A, but with converter stations and HVDC cable rated to 750 MW.
interconnector AC network augmentations are identical to Option A.

C. 1200 MW Two parallel 600 MW HVDC interconnectors on the same alignment as Option
interconnector A.

AC network augmentations in Tasmania to be constructed for the first HYDC
interconnector comprise:

1 Construction of a new 220 kV switching station at Heybridge adjacent
to the converter station;

I Establishment of a new 220 kV switching station at Staverton;
Construction of a new double-circuit 220 kV transmission line from
Staverton to Heybridge via Hampshire and Burnie; and

Construction of a new double-circuit 220 kV transmission line from
Palmerston to Sheffield.

Additional AC network augmentations in Tasmania to be constructed for the
second HVDC interconnector comprise:
9 Construction of a new double-circuit 220 kV transmission line from
Heybridge to Sheffield and the decommissioning of the existing 220
KV single-circuit transmission line in this corridor; and

As noted for Option A, limited AC augmentations may be required in Victoria.

D. 1500 MW Like Option C, but with converter stations and HVDC cable rated to 750 MW.
interconnector AC network augmentations are similar to Option C with enhanced line ratings.
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5.4 Technical feasibility

A credible option must be technically feasible, which means that it is capable of providing the services that the
proponent intends it to provide and comply with relevant laws, regulations, and administrative requirements.
In addition, it must address the technical requirements of the power system, including the following

considerations:

I System strength;
1 Maximum contingency size; and

T Inertia.

The technical requirements of the power system may have implications for other characteristics of each
credible option, most notably the link capacity and the route selection. A number of technical choices will also
need to be made, which will also be influenced by the requirements of the power system, cost and performance

considerations, including:

1 Converter technology;
9 Link configuration; and
I Cable technology.

These matters were discussed in the feasibility stage of the project and further addressed in the PADR. In
Appendix 2 of this PACR, we have assessed the technical feasibility for a 1500 MW Project Marinus. By
undertaking detailed technical analysis for the option with the greatest interconnection capacity, it

demonstrates that the remaining credible options are also technically feasible.

5.5 Costs of each option

Our PADR presented our cost estimates for each credible option in accordance with the RIT-T requirements.
A general concern was raised by stakeholders that such cost estimates are prone to significant upward
revisions as projects progress through their planning and development phases. In particular, some
stakeholders pointed to Project EnergyConnect, which experienced significant cost increases during the

planning phase.

To address stakeholders @oncerns, we engaged a consortium of independent engineers®®¢ led by Jacobs to

conduct a detailed review of our project cost estimates. Whi | e Jacobsd dpellyonewcobtocus ed

6 The consortium of independent engineers include Jacobs, Mott MacDonald and Elia Grid
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estimates for the 1500 MW option, the results were also used to inform our cost estimates for the other credible

options.

Jacobs has substantial international experience with major transmission projects, including interconnectors. In
addition to leveraging this expertise and knowledge, our terms of reference required Jacobsd r eto hagew

regard to and comment on (without limitation):
1 the principles governing the establishment of sound expenditure forecasts for project planning
purposes;

1 the current status of the project and the extent to which the forecasts may be subject to revision, for

example to reflect the outcomes from competitive tendering;
9 the appropriateness of T a s Ne t vwmpoked gcope of works and project schedule;
9 the consistency and reasonableness of T a s N e t Viosecalstinghassumptions;

1 the identification and inclusion of all relevant proposed in-house and outsourced costs to ensure that

all activities are included in the expenditure forecasts without any double-counting or omissions;

1 the completeness and accuracy of T a s N e t \imancklsnodels that have been used to combine the

various input data and assumptions in the production of the expenditure forecasts;
1 appropriate allowances for project risk; and
91 the application of external benchmark information to our cost estimates.

The Jacobs cost review was conducted on a probabilistic estimation basis that identifies each of the significant
cost components; determines the likely range based on previously completed projects and the associated
probability distribution of each component; and undertakes a sampling process to generate a probability
distribution of the total project costs. The Association for the Advancement of Cost Engineering recommends

utilising the probabilistic estimation basis for all projects over $200 million in value.

Each possible outcome value of the total project cost can be given a d6value which indicates its likelihood of
occurrence. For instance, a P10 cost is the project cost with sufficient contingency to provide 10 per cent
likelihood that this cost would not be exceeded. A P90 cost is the project cost with sufficient contingency to
provide 90 per cent likelihood that this cost would not be exceeded. The contingency included in the expected

project cost is the median output from a probabilistic analysis of possible outcomes.
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The Jacobs reports provides an expected project cost for the delivery of Project Marinus of $3,481 million
($2020).5" This estimate is inclusive of contingency allowance based on a median probabilistic scenario.>® The
report also provides an overall range for the total project estimate of $3.1 billion to $3.8 billion ($2020). This
range is based on P10 and P90 views of the total project contingency allowance. Our sensitivity analysis
confirms that the preferred option is expected to deliver a strongly positive net economic benefit, even if the

upper cost range estimated by Jacobs eventuates (section 7.5.5).

Figure 5 shows a comparison of the likely range of costs assumed at the PADR stage, in the 2020 ISP and
now, at the PACR stage. The cost estimate for the PADR was based on a fheatoestimate ($2.8 billion, $2020),
whereas the cost estimate for the 2020 ISP was expanded to include an accuracy allowance (commonly
referred as the base estimate). The 2020 ISP subsequently applied a 30 per cent deterministic contingency
on the base estimate of $3.2 billion ($2020).

5" The Jacobs cost estimate is in June 2021 dollars. The modelling undertaken for this PACR is in $2020. Therefore, the Jacobs cost
estimate was de-escalated by 1.11 per cent to account for inflation (March 2020 i March 2021, Australian Bureau of Statistics), addition
of interest during construction charge and subtraction of $50 million in grant funding received by TasNetworks.

58 Refer to Project Marinus Cost Estimate Report prepared by Jacobs, released as Attachment 3 with this report.
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Accuracy/
- Neat Estimate - Slrl'gm ce Contingency
Total project cost
($2020, million)
$4,190
$4.000
$3,827-P90
$3,577 $3,48I - Expected
$3,224 .
$3000 $3,138-P10
$2.000
$3,041
$2,823 $2,823
$1.000
$0
PADR ISP 2020 PACR
Deterministic Deterministic Probabilistic &
contingency contingency Deterministic
30% 30% contingency

Figure 5: Range of total project cost outcomes comparison ($ million, $2020)%°

It can be seen that whilst the underlying cost e st i mate (i . e. the fAineato estim
contingencies) has increased by 10 per cent since the PADR, the contingency amount has reduced such that
the expected cost is comparable to the PADR estimate of around $3.5 billion. This is explained by the more
advanced status of the scope definition, engineering, route alignment and other matters, leading to more

certainty.

The cost estimate for the remaining three credible options are scaled, based on quotes received from cable
and converter station suppliers, AC transmission cost estimators, and the detailed review undertaken by

Jacobs. Table 6 provides a summary of the expected cost estimate for each credible option.

% The PADR and ISP costs have been escalated from their original 2019 basis to 2020 prices. Inflation rate of 2.2 per cent based on ABS
data for March 2019 to March 2020.
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Table 6: Estimated costs of each option ($ million, 2020 dollars)

Project Marinus Option 1200 MW 1500 MW
Capital cost 2,034 2,185 3,284 3,481
Annual operating cost 27.7 27.7 36.4 36.4
Annualised cost (WACC i 4.8%)%° 135 143 211 221
Annualised cost (WACC 1 3.8%) 120 127 187 197

In the case of the 1200 MW and 1500 MW options, which are built in two stages, the cost of the second stage

is materially lower than the first stage, as shown in the table below.

Table 7: Estimated cost breakdown for each stage of 1200 MW and 1500 MW option ($ million, 2020
dollars)

Project Marinus two-stage 1200 MW 1500 MW
options

Early Stage 1 Stage 2 Early Stage 1 Stage 2
works (600 MW) (1200 MW) works (750 MW) | (1500 MW)

Stage (Total capacity)

Stage cost 189 1,931 1,164 189 2,081 1,210

Stage cost as percentage of
total project cost (%) 6% 59% 35% 5% 60% 35%

The second stage of the project benefits from economies of scale as the expenditure incurred with the following
activities remains largely unchanged for a single or a multi-stage interconnector project:

1 community engagement and environmental approvals in Victoria and Tasmania;

9 undertaking detailed technical system studies and economic analysis;

I easement acquisition and compensation along the preferred corridor;

1 project management costs (including tendering activities);

80 Consistent with the 2021 Draft IASR, the WACC of 4.8 per cent is used for all scenarios, except Slow Change. Slow Change uses a
WACC of 3.8 per cent.
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91 supplier costs for major components due to common design;

1 undertaking horizontal directional drilling for shore crossings at the Tasmanian and Victorian coasts;

and,
1 common civil works activities.

Our discussions with the converter and cable suppliers also highlight the importance of the spacing between
the commissioning of the two links, which can be up to 2-3 years apart without incurring any additional
expenditure. On the basis of this advice, the PACR modelling tests the earliest possible commissioning timeline
of 2027 (Stage 1) and 2029 (Stage 2). It is estimated that Project Marinus completed as a two-staged project
spaced no more than 2-3 years apart provides up to $600 million in total project cost savings as compared to
two standalone 750 MW links. These savings are realised from procuring volume discount from cable and
converter station manufacturers and avoiding the need to remobilise workforce related to project planning and

delivery.

Given the comprehensive nature of the terms of refereni
stakeholders should have confidence that our project cost estimates are robust. Jacobsdindependent expert

report is provided as Attachment 3 to this PACR. The effective management of project costs is discussed in

further detail in section 9.2 of this PACR.

5.6 Options considered but not assessed further

The PSCR raised the possibility of adding a second pole to Basslink, thereby converting it from a monopole to
a bipole link. From an engineering perspective this would involve:
1 Constructing a second HVDC converter at each end;

1 Augmenting the overhead DC transmission sections to carry an additional conductor, adding a second

high-voltage DC cable (in both the undersea and underground sections); and
1 Augmenting the transmission network into George Town to increase its capacity.
After examining this option more closely, we have found that this option is infeasible on the following technical

grounds:

I Due to system strength constraints, the second pole must use Voltage Source Converter technology.
The existing Basslink converters use line commutated converter technology. Adding a Voltage Source
Converter second pole to an existing line commutated converter link has only been done once (the

Skagerrak 3/4 Norway to Denmark interconnector) and proved technically very challenging.
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1 Engaging HVDC equipment vendors to provide a bespoke solution, at a time when HVDC is in high
demand globally, would likely prove very difficult and far more expensive than a greenfield 600 MW or

750 MW link.

9 Increasing the capacity of Basslink by a further 600 MW or 750 MW does not offer any route diversity.

Therefore, a single event could render the entire upgraded Bass Strait interconnector inoperable.
1 Completing the works would require extensive outages of the existing Basslink interconnector.

I n addition to these technical reasons, an agreement
Furthermore, a range of regulatory and commercial issues, stemming from the fact Basslink Pty Ltd is a Market

Network Service Provider, would need to be resolved.

For these reasons, the option of adding a second pole to Basslink was not evaluated further.
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6 PACR modelling

Key messages

1 In developing our PADR, we engaged Ernst & Young to conduct the market modelling, which is

a key element of the RIT-T process.

1 Following the publication of the PADR, Ernst & Young updated its market modelling to adopt the
scenarios and input assumptions in the 2020 ISP. The updated model results, which were
presented in our Supplementary Analysis Report, were consistent with A E M O finglings in the
2020 ISP that Project Marinus forms part of the optimal development path. Furthermore, our
modelling also confirmed that the optimal timing for Project Marinus should be brought forward

if the Step Change scenario eventuated.

1 Inthis PACR, we build on the modelling that we undertook in the Supplementary Analysis Report
by adopting A E M O fatsst input assumptions. As explained in section 2.3.2, our modelling also
adopts A E M O éusrent treatment of the various government policy initiatives, some of which

have been announced since the publication of our Supplementary Analysis Report.

I To augment our cost-benefit analysis, we have undertaken a range of sensitivity studies to
understand the impact of key variables on the net economic benefit attributable to Project
Marinus. This sensitivity testing essentially provides a 6 w hiafinalysis, to determine whether

the investment signal provided by the RIT-T is sensitive to particular assumptions.

I By continuing to engage Ernst & Young to conduct the modelling on our behalf, stakeholders
should be confident that the methodology is robust, transparent and independent. To assist in
this regard, the report from Ernst & Young is provided as Attachment 1 to this PACR as well as

a comprehensive inputs assumptions workbook.

1 The recent market notices related to Tasmanian FCAS are likely to increase the benefits
provided by Project Marinus. However, the GHD market analysis for the ancillary services
benefits was not updated from the PADR modelling. The GHD report is republished as

Attachment 2 to this PACR for convenience.
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6.1 Modelling approach

6.1.1 Overview

The RIT-T requires a number of different classes of market benefits to be considered:5!

(&) Changes in fuel consumption arising through different patterns of generation dispatch;
(b) Changes in voluntary load curtailment;

(c) Changes in involuntary load shedding, with the market benefit to be considered using a reasonable

forecast of the value of electricity to consumers;
(d) Changes in costs for parties, other than the transmission network service provider, due to:
(i) Differences in the timing of new plant;
(ii) Differences in capital costs; and
(iii) Differences in the operational and maintenance costs;
(e) Differences in the timing of transmission investment;
() Changes in network losses;
(g) Changes in ancillary services costs;

(h) Competition benefits being net changes in market benefit arising from the impact of the credible

option on participant bidding behaviour;

() Any additional option value (meaning any option value that has not already been included in other
classes of market benefits) gained or foregone from implementing the credible option with respect to

the likely future investment needs of the market;

() Negative of any penalty paid or payable (meaning the penalty price multiplied by the shortfall) for not
meeting the renewable energy target, grossed-up if not tax deductible to its value if it were deductible;

and
(k) Other benefits that the TNSP determines to be relevant and are agreed to by the AER in writing.

Our PADR for Project Marinuse x pl ai ned t hat Ernst & Ymnestheomlintegrattiet mo c
system costs of meeting customersodé6 future electricity
cost combination of generation, storage, and demand-side response, in addition to considering the optimal

timing and capacity of other interconnector options apart from Project Marinus. As a consequence, therefore,

51 AER, Final Regulatory Investment Test for Transmission, June 2010, Clause (5).
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each option for Project Marinus was accompanied by different investments across the NEM, without favouring

any particular type of solution or technology.

In broad terms, the modelling approach in the PADR for Project Marinusi s t her ef ore aligned
objective, which is to identify the combination of inv
cost. As already noted, we updated the PADR results in our Supplementary Analysis Report in response to
stakeholder feedback that our modelling should be aligned with the 2020ISPand AEMO®&6s | at est i
assumptions. As explained in section 2.3.1, in this PACR we have adopted the same modelling approach but

updated our inputstor e f | ect A E MOwhile nthintairfing scénariSsRaligned with the 2020 ISP.

We have maintained our earlier decision not to assess two categories of market benefits, being competition
benefits and option value. As explained in the PADR, our view is that the inclusion of these market benefits
would not affect the ranking of the credible options or have a material impact on the estimated net economic
benefit. Stakeholders did not comment on this issue. The remaining benefits have been modelled using the

assessment tools set out in Figure 6 below.

Benefits assessment ~ ,
tools RIT-T benefits

Fuel Consumption

Voluntary and
involuntary load
curtailment

i Investment in new
Market Expansion generation / storage
Model - Time

Sequential Integrated
Planner Network losses

Operating costs

REZ expansion costs

Ancillary services model Ancillary services cost

Figure 6: Assessment tools for estimating the RIT-T benefits
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Typically, market benefits are estimated by combining the output from separate models.%? In contrast, Ernst &
Youngb 6 Ti me Séquentiga at ed Rigasnankatexmansin nzodehtlearadopts an integrated
approach to estimating market benefits. This approach is more efficient and comprehensive from a modelling

perspective, as it avoids the need to ensure consistency across separate models.

Ernst & Youngds model consider s c¢ hanbytestintramegionalnetwork kK | 0 S ¢
losses. Our assessment is that the impact of Project Marinus on intra-regional network losses is likely to be
modest and will not affect the modelling outcomes. On this basis, the additional modelling required to estimate
intra-r e gi onal net work | osses O6witho6é and Olnsteadhintra-tegiondPr oj e c

changes are accounted for by modelling the REZ transmission limits their associated network expansion costs.

In relation to ancillary services modelling, we engaged GHD to undertake an independent assessment of the
impact of Project Marinus. Ancillary services perform an essential role of ensuring stable power system
operation on a second-by-second basis, especially when subjected to unforeseen contingency events. While
generators and other network devices directly provide ancillary services, interconnectors offer the ability to
transfer some types of ancillary services between regions, thereby lowering the overall cost of ancillary

services within the NEM.

Stakehol ders did not raise concerns r egss Whilewe h&velDd s m
retained GHDOGs e ar lancdlary sensce leesefitsipeovided by ProjeéctiViarinus, recent market
experience suggests that these benefits may be higher than GHD estimated. In particular, AEMOG6 snarket
notices 2 issued on 1 March 2021 regarding the reduction in Tasmanian load relief factor and the
reclassification of a non-credible contingency event in Tasmania, illustrate the potential value of Project
Marinus through enhanced sharing of FCAS with mainland Australia. For this PACR, however, GHD6s anci | | a
services benefits modelling methodology has not been updated since December 2019 and is republished as

Attachment 2.

6.1.2 Model description

The market expansion model takes the projected NEM demand over the study period as an input to determine
the optimal generation and transmission interconnector investments to supply this demand, such that the
overall cost of supply to the entire NEM is minimised. The optimal generation mix may consist of both existing

generation and assumed new generation.®

52 Refer to section 6.4.3.
53 AEMO Market Notices, 83867 and 83081.

54New generation types include traditional generation technologies, as well as large-scale solar and wind generation, pumped hydro
storage, and grid-scale batteries.
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Voluntary load reduction (i.e. demand-side participation) is also included in the model and will be adopted
when this results in a lower cost of supply. In addition to ensuring customer load is supplied, the model also
applies simplified operational constraints to ensure there are sufficient reserves of dispatchable generation

during high demand periods, and to ensure that the NEM& Bertia requirements are met.

Taking all these factors into account, the model will determine the most appropriate timing of new generation
and energy storage investments, and the retirement of existing generation that reaches end-of-life or is
uneconomic, across all NEM regions, to yield the overall least cost outcome over the entire study period. The

model expresses the total cost of supply in present value terms.

For a particular scenario, the model is run multiple times: the first run is to determine the NEM-wide costs
which would occur without Project Marinus, and then subsequent model runs are undertaken with alternative
credible options in place. Each model run will optimise the generation and storage investments to minimise
supply costs, i.e. the different projects will be identified assuming different capacities and timings for Project
Marinus. The difference in NEM-wide resource costs between these two states of the market represents the

net economic benefit resulting from that Project Marinus option.

Further detail of the market expansion model can be found in Attachment 1.

6.2 Assumptions and input data

6.2.1 Model input data

As noted in section 2.3.1, we have adopted AEMOO6s draft ITéasSdtworksor t he
will release a detailed inputs and assumptions workbook that outlines all the inputs that are used in the PACR
modelling.

6.22 Hydr o T a s expansioa piojects

Consistent with the 2020 ISP, our PADR and Supplementary Analysis Report, we have considered Hydro
Tasmaniabs proposed capacity esepeaof8/hite Rapgrst®®Ajtheugtithesedi s c u s
capacity expansions are not committed projects, they relate to the need to replace ageing turbine runners;
expenditure which Hydro Tasmania will incur regardless of Project Marinus. Hydro Tasmania has advised that
if Project Marinus does not proceed, it will undertake like-for-like turbine runner replacements. If

Project Marinus does proceed, it will replace the existing turbine runners with runners of higher capacity, at

% For example, Hydro T a s ma rBat@r§ af the Nation, Unlocking T a s ma neneagy capacity, December 2018.
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essentially the same cost. This would result in 100 MW of additional generation capacity in the West Coast

region of Tasmania, at no incremental cost.

Hydro Tasmania presents an argument in the same paper that Tarraleah Power Station requires substantial
remedial works and a viable option is to replace the station with one of substantially higher capacity (220 MW

versus current 70 MW) at a similar cost to refurbishing the existing station.

Therefore, we have introduced changes to Hydro Tasmani i

in which Project Marinus is implemented:

1 West Coast power s ¢ h e ntapadiies are increased by a total of 100 MW; and
1 theTar r a lcaachydssncreased by 150 MW.

Simulations of the base case (i.e. Project Marinus does not proceed) assume existing capacities, on the basis
that Hydro Tasmania has advised it would not proceed with capacity upgrades in the absence of

Project Marinus.

Hydro Tasmaniabds White Paper also di scus m¢the Tadgntaian MW o f
system through greater interconnection and 90 MW of additional capacity that could be gained from Gordon

Power Station by maintaining Lake Gordon at a higher storage level. These effects, which are representative

of the existing hydro system, ar e ahismedelihyofthenTadmanthe d i n |
hydro scheme in the case where Project Marinus proceeds is consistent with the approach adopted by the

2020 ISP.

6.2.3 Timing of other actionable ISP projects

Noting that the ISP considered in excess of 100 different network and non-network augmentation before
determining its optimal development path, we have assumed that interconnector projects identified in the

2020 ISP will proceed, as set out in the following table.
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Table 8: Timing of 2020 ISP interconnector projects®®

Proposed upgrade RIT-T status Our modelling assumption

VNI Minor RIT-T Complete Treated as a committed project, assumed to be
commissioned in 2022.

EnergyConnect RIT-T Complete Treated as a committed project, assumed to be
commissioned in 2024.

HumelLink (formerly | PADR complete Treated as a committed project, assumed to be
SnowyLink North) commissioned in 2025.

Central-West Orana | RIT-T not commenced Treated as a committed project, assumed to be
REZ Transmission commissioned in 2024.

Link

VNI West PSCR Complete Treated as an anticipated project, assumed to be

i i i 68
Pending PADR commissioned in 2027.

(December 2021)87

6.2.4 Assessment period

The RIT-T analysis has been undertaken over a 30-year period, from financial years 2020-21 to 2049-50. We
consider that this assessment period is consistent with the principles set out in section 3.12 of the RIT-T

Application Guidelines, which state:®°

AThe duration of model ling periods should take into
life of the relevant credible option to provide a reasonable indication of the market benefits and
costs of the credible option. This means that by the end of the modelling period, the network is in
a O0similar stated6 in relation edtmwheeédidatthgtimead meet a

the investment.

[ é] I n t he c a-lved amdfhighvcest igvesimentsgit may be necessary to adopt a

model ling period of 20 years or more.o

% AEMO, 2020 ISP, July 2020, Table 14, page 88.
57 VNI West Regulatory Investment Test for Transmission i progress update, AEMO communications, March 25 2021.
8 Consistent with 2020 ISP findings, VNI West is not commissioned in the Slow Change scenario.

% AER, Application Guidelines, Regulatory Investment Test for Transmission, August 2020.
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It is noted that the credible options have asset lives that extend beyond the end of the assessment period. To
ensure that the long-lived capital costs of these assets are captured appropriately in the 30-year assessment
period, the modelling employs annualised capital costs, calculated as annuities over the full expected life of

the relevant assets.

A number of stakeholder submissions raised questions in relation to this approach, particularly the implicit
assumption that the benefits beyond the assessment period at least cover the remaining cost of the asset. In
response to these questions, we published an explanatory paper and accompanying spreadsheet which
explained that in order to ensure that the net economic benefit of all options are compared on a like-for-like

basis, the evaluation of long-lived capital projects can be undertaken in one of three ways:

A. Examine the costs and benefits over the entire life of the project.

B. Adopt a shorter study period, say 30 years, and attribute a terminal value to the assets at the end of

the period.
C. Adopt a shorter study period, say 30 years, recognising the annualised cost of the assets employed.

We have updated this explanatory paper and included it as Appendix 3 to this PACR. It explains that the
approach we have adopted obviates the need for a terminal value, and is consistent with good practice in
relation to conducting economic evaluations. The updated explanatory note also demonstrates that the net
economic benefit of the project using a terminal value calculation is closely aligned with the annualised cost

benefit method.

6.2.5 Discount rate

In relation to the discount rate or cost of capital, paragraph 14 of the RITi T specifies that:

AThe di scount 1T mustebe appropriate dor thel amalysis of a private enterprise
investment in the electricity sector and must be consistent with the cash flows that the RIT-T

proponent is discounting. The | ower boundary shoul c

For the purpose of the analysis presented in this PACR, we have adopted the discount rates proposed in

AEMOOGs dr &@f t | ASR:

1 4.8 per cent real pre-tax has been adopted for all scenarios, except the Slow Change scenario; and

I 3.8 per cent for the Slow Change scenario.

© AEMO, Draft 2021 Inputs, Assumptions and Scenarios Report, December 2020, page 105.
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We note that stakeholders, in their response to the draft IASR, provided a diverse opinion on the appropriate
discount rate. Given the stakeholders views, we have applied sensitivity analysis to the discount rate, in
accordance wit{TGtidelmesAERGOS RI T

6.3 Scenarios and weighting

I n our PADR, we adopted the following four soaiosénri os W

2019, as explained below:

1 Global slowdown. This scenario essentially represented a future in which there is a sustained global
economic slowdown, resulting in reduced demand for both commodities and energy. This scenario
included reduced national energy demand, including the loss of all mainland aluminium smelters; a
25 per cent reduction in gas prices; and termination of all emissions reduction schemes. This scenario

was closely aligned with AE MO 2049 6 S| @hva n gecendrio.

1 Status quo/current policy. This scenario represented the median-projection NEM demand profile
and a continuation of existing policies. Under this scenario, the Mandatory Renewable Energy Target
was included in its current form and state-based renewable energy targets were assumed to be

implemented. This scenario was closely aligned with A E MO 2049 6 C e n scenarlo.6

1 Sustained renewables uptake. This scenario assumed that the recent momentum in renewable
investment would be sustained and, consequently, a number of coal-fired generators retire three to
five years earlier than the nominated closure dates. This scenario was closely aligned with AE MO 6 s
2019 6 F aCshta n gcenario.

I Accelerated Transition to a Low Emissions Future. This scenario represented a future in which
there is a concerted international effort to meet the objectives of the Paris Climate Accord. Under this
scenario, load was assumed to increase due predominantly to the accelerated transition to
electrification of the transport sector to support a lower emissions trajectory. This scenario was aligned
with A EMOB049 6 St &hpa n gcenario.

We explained that AEMO subsequently developed a fifth
equivalent. This scenario essentially involved a more rapid consumer-led transformation of the energy sector,
leading to increased adoption of DER and accelerated change in the generation sector. In our PADR, we
applied an equal weight to each of the four scenari os

been developed at that time. In our Supplementary Analysis Report, we extended our assessment of Project

Marinust o i nclude the &é6High DER® scenari o and thereby ensi
2020 ISP.
In terms of scenario weightings, we considere qual wei ghting to AEMOG6s five sce

provide a useful comparison with our analysis in the PADR. In addition, AEMO6 s 2 0 2iftdicateS tRat a
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67 per cent Central scenario and 33 per cent Step Change scenario weighting would be appropriate, as shown

in the table below.

Table9: 2020 | SP6s Proposed SRrogentdMarinos Wei ghtings for

Project Responsible Identified need ISP candidate opfiont Scenarios of
TNSP(s) relevance for

TNSP under
ISP
Framework

Marinus Link TasMetworks The characteristics of customer Marinus Link is a second, and Central with

{with decision and AEMO demand, generation and storage potentially third, HYDC cable TRET (673%),

rules) + Victorian resources vary significantly between interconnection between and Step

Planning Tasmania and the rest of the NEM. Tasmania and Victena. It is Change (33%)

Increased interconnection capacity proposed with a transfer

PADR completed between Tasmania the other NEM capability of 750 MW (one

in December regions has the potential to realise a cable) or 1500 MW (two

201¢ net economic benefit by capitalising cables).

on this diversity.

t Indicative cutline of the recommended option for project delivery
#These requirements can be assessed during the RIT-T process and will be confirmed by AEMO during an ISP feedback loop process
with the TNSP once the decision rules eventuate. These projects are also critical to address cost, security and reliability issues.

As explained in section 3.3, we are adopting the new ISP Rules for the final stage of the RIT-T process for
Project Marinus. Given this approach, it is appropriate to co
Change scenarios and their likely weightings, in addition to presenting the modelling results using an equal

weighting across all five scenarios.

6.4 Input and assumptions deviations from 2020 ISP

As noted in previous chapters, a key purpose of this PACR is to update the modelling in light of stakeholder
feedback and A E M O fatest inputs and assumptions. In accordance with the Rules, this section explains the
rationale for inputs and assumptions that diverge from the 2020 ISP. The modelling for this PACR commenced
shortly after the final submissions were received from stakeholders in January 2021. Therefore, the early

closure of Yallourn Power Station, announced in early March 2021, is not explicitly modelled in this PACR."?

T AEMO, 2020 Integrated System Plan, July 2020, Table 12, page 87.

2 The latest retirement for the Yallourn Power Station retirement assumed for the studies is a unit by unit retirement commencing in 2029
and concluding in 2032.
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6.4.1 2021 draft IASR

As already noted, for the purpose of this PACR, we have updated the inputs and assumptions adopted in the
2020 | SP to reflect AEMOG6s dr aft I ASR. I'n our view, i
preferable to retaining the inputs and assumptions that were adopted in the 2020 ISP, or partially updating the
2020 ISP data. By adopting the latest AEMO data, we ensure that our modelling is as transparent and objective

as possible.

In comparison to the Slow Change scenario of the 2020 ISP, the draft IASR proposes that the Slow Change
scenario include the continued growth in uptake of distributed PV, particularly in the short-term in response to
a number of incentives assumed to be implemented as part of a COVID-19 recovery plan. The updated
scenario narrative also suggests that the extension of technical life of coal-fired generators will not be pursued
T instead allowing market forces and reduction in operational demand to determine the scenario outcomes.
The PACR modelling adopts the updated narrative associated with the Slow Change scenario. Therefore, the
modelling for this report allows economic retirements of coal fired generators to occur in all scenarios.

Economic retirements are permitted from 2024 onwards, on the basis of the three year notice of closure Rule.”

6.4.2 State-based renewable energy schemes

As explained in section 2.3, AEMO proposes to adopt the TRET and the New South Wales Electricity
Infrastructure Roadmap across each of its scenarios.””To al i gn our model |l ing with AE
modelling assumes that these schemes will be achieved. We note that these targets may appear to be
ambitious today, but recent experience illustrates the rapid pace of change across the sector and the rate of

growth of renewable generation.

6.4.3 Modelling refinements

The modelling for this PACR leverages the proprietary modelling resources of Ernst & Young for renewable

energy traces, inertia and reserve constraints.

The Tasmanian hydro system continues to be represented as a 10-pond system in the modelling for this PACR
in contrast to the 2020 ISP modelling, which is based on a 7-pond system. In addition, the reserve and inertia

7 Australian Energy Market Commission, Generator three year notice of closure, Rule determination, 8 November 2018.

"4 Consistent with the Draft IASR, the Slow Change scenario assumes achieving a slightly reduced target of 29 TWh in the financial year
of 2031-32.
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