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Key Terms

Large Sda Renewables Feasibility Study

Term Description

Business as Usua

Currentenergy procurement model. The baseline case.

kw Kilowatt. A unit of power. 1,000W

LGC Largescale generation certificates. One largg@e generation certificate is equal to one
megawatt hour of eligible renewable electricity. Once created and validhtes
certificates act as a form of currency and can be sold and transferred to other individ
and businesses at a negotiated price.

Mismatch Proportion of energy that is consumed by Council/s at a different time to the solar arr
production.

MW Megawatt. A unit of power equal t&,000,000W

Net Present Value

The value in the present of a sum of money, in contrast to some future value it will hg
when it has been invested at compound interest.

Off-peak Between 11:00pm 7:00am MonFri and Weekends.

Peak Between 7:00am and 11:00pm Metiri

Percent net The proportion of total consumption that can be met by renewable generation at any
renewable

Representative Supplier of electricity consumption interval data used in modelling sosnari

Council

Simple Payback

The length of time required to recover the cost of an investment

Solar Insolation

A measure ofolarradiation energy received on a given surface area in a given time

100% Matched

Refers to a solar array sized suchthdt| sol ar generation t
facilities within the same time period (i.e. No export).

100% Renewable

Refers to a solar array sized such thg

total annual consumption.
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1 Project Background

1.1 Policy Context

I n response to rapidly escalating energy prices,
conduct an independent analysis of the costs and fi#srfer Victorian councils to invest, build, own and
operate large scale renewable energy infrastructure to meet khiegrterm electricity needs.

This project follows from a discussion paper developed by the Victorian Greenhouse Alliances in May 2017,
titled Electricity Procurement in the Victorian Local Government Sector: Aligning Council Money with Council
Values The discussion paper identified that direct investment in offsite renewable energy infrastructure and
the purchase of renewable energy thgh a Power Purchase Agreement (PPA) as key opportunities for councils
to address rising energy cosBuilding on the outcomes of the discussion paper, this project examines the
feasibility of councils investing in offsite generation infrastructure agedsasthe highlevel costs and benefits

of a range of investment scenarios and scales.

This initiative is designed to complement the emission reduction objectives of local governments across the
State- 23 councils with corporate carbon neutral targeit® with carbon neutral targets for their communities,

and 46 with percentage reduction targets. To date, these targets have been pursued through energy efficiency
measures, including upgrades to public lighting and council buildings, and rooftopstalktions. Even with
maximum energy efficiency and rooftop solar, however, there will remain an ongoing need to procure energy
and take further action to meet emission reduction targets.

1.2 Project Objectives

The purpose of this Technical Feasibility Sisitty examine the financial impligats ofa range ofarge scale
solar infrastructurescenarioover their investment lifecycl@ he five scenarios were collaboratively developed
by the project partners to be meaningful and instructive to all Victooandals.The scenarios aferiefly
describedbelow:

1. SingleCouncifor 7.8MW solar farm, located ikletropolitanMelbourne
a. With battery storage
b. Without battery storage
2. EightCounct for asolar farm, located in either
a. Metro Melbourne(56.8MW)
b. NorthwestVIC(46.8MW)
3. EightCounc# ford9MW solar farm, located iNortheast VIC
a. Sale of argescak Generation€r t i fi cates (LGC’ s)
b. Retirement of LGC’ s
4. SeventeerCounct for88.4MW solar farm, located iNorthern VIE
a. Investment with cash (no finance)
b. Investmen with debt (commercial finance)
5. SeventeerCounc# forasolar farm, located iNorthern VI& sized for
a. 100% matchedl19.0MW)- energy production matchegsounciinstantaneousonsumption
b. 100% renewablé88.4MW)- energy production offsetSouncil annual consumption

To deliver an aagate evaluation of th&cenaris outlinedabove the project objectiveincludethe following

1. Estimateinfrastructure lifecycle cosfsr large scale soldincluding cost of capital, maintenance, etc.)

2. Analysehe current energy consumption and load profile éore participating representativauncil

andscale based on aggregate consumption data given for each scenario.

Model solar &rm generation output

Develop a user friendly financial model that providesyifieccost analysis outputs

5. Technical review of publicly available planning information such as solar resources, network planning
and constraints, etc.

o

1. Victorian Greenhouse Alliances (2017) Discussion Paper: Electricity Procurement in the Victorian Local Government Sector.
2. Location moved to Echuca because of likelihood of network capacity constraints in Mildura
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2 SummaryRecommendations

2.1 Key Findings

The feasibility study investigated a range of scenarios for councils to invest in, own and operate large scale solar
infrastructure.Themost feasible option for councils is a 100% read@essized solar farm located in the
Northern VIC region, using lowarest finance and selling all LGCs, providing an NPV of $1.7M per council.

2.1.1 ScenaridModelling Outcomes

In developing the most financially atttive option, the following scenario model outputs should be
incorporated aguidance fomany future project development
1. Battery StorageThe exclusion ofdfteries provides a higher financial return than including batteries
2. Location TheNW VIQocationprovides a higher financial return than installatiofMetro Melbourne
3. LGC Treatmenthe sal@f LGCs provides a higher financial return than retiring LGCs
4. Investment Low interest finance provides a higher financial return than direct investmen
5. Contribution 100%Renewablegprovides a higher financial return than 10Rfatched Energy

Net Present Value (NPWgs adopted as atandardisedneasure to evaluate the financial return of each
scenario.NPV represents the total financial return of fireject overa 25year investment periad

2.2 Financial Summary

Thesolar array sizeapital cost, simple payba@ad Net Present Value are presented below for each scenario,
demonstrating the overall financial attractiveness of each scenario oveyea®ieriod. Scenario 4B provides
the most attractive Net Present Value

Net Present
Value (Per
Council)

Simple Net
Payback Present
Period (Years, Value (25Y)

# of Array Size Capital Cost
Councils  (MW) ($M)

Scenario Scenario Description

1A Battery StorageNone 1 7.8 $195M 28.6 -$2.1M -$2.1M

1B ﬁmﬁry Storage: 13 1 7.8 $455 M 879 $299 M $29.9M

2A Location: Melbourne 8 56.8 $141.9 M 28.6 -$15.6 M -$1.9 M

2B LocationNW VIC 8 46.8 $117.0M 21.1 $13.7 M $1.7M

3A LGC Treatment: Sell 8 49.0 $122.5M 22.8 $7.0M $0.9 M

3B LGC Treatment: Retir 8 49.0 $1225M 29.6 -$18.0 M -$2.3 M

4p | Investment: Direct 17 88.4 | $221.0M 222 $17.0 M $1.0 M
Invest

4B Investment: Finance 17 88.4 $221.0M N/A $289M $1.7M
Contribution: 100%

5A Matching 17 19.0 $475 M 27.5 -$3.9M -$0.2 M
Contribution: 100%

5B Renewables 17 88.4 $221.0M 22.2 $17.0M $1.0M

Tablel: Financial Summarfgr all scenarios modelled.

2.3 Recommen&d Scenario

Scenario 4B: Low Interest Finance presentedrtbst financially attractive scenario, resulting in & Riesent
Valueof $289 M. Scenario 4B incorporates the following input variables:

Number of Councils: 17

Battery Storage: None

Location:Northern Victoria

LGC Treatment: Sell LGCs

InvestmentLow Irterest Finance (3.9%)

Contribution: 100% Net Renewables

=A =4 =4 -4 -4 -4

FG Advisory 2



1 Does not include costs of land procurement or network improvements.

3 Methodology

FGAemployedthe following methodology to meet the intended project outcomes.

3.1 Project Development and Scogdentification

At project inception, FGHcilitateda workshop with keproject working group stakeholders to understand the
project requirements, including:

Project Briefingnd Ongoing Consultations

1 Briefing on the project background and context

1 Discus®n on theScenarig to be modelled, and any identified risks and issues and their mitigation
measures

1 Key financial assumptions required for material cost components that undergifetlyeleFinance
Model

3.2 ScenarioModelling

Based on the define8cenaris, FGAconducteddata review and technical anadgsfor the identified large scale
solarinvestments.

Energy Data and Scaling

EachScenariases a different scaling of tiRepresentativ€€ouncil snergy consumptiomtervaldataat
hourly intervals

1 Scenaridl isa singleCouncil and is therefore not scaled

1 Scenaris 2 and omprise8 separate Guncik, and scakthe Representative Coundiltervaldata to
matchactual consumption data of the metro alliance.

1 Scenaris 4and 5are a composition of 17 Coursgibnd scaléhe Representative Coundétato match
total annualconsumptiorfor all17 Councildased on data from the MAV procurement group.

The interval energy database provides the foundation to create energy psbiileing variations in electricity
consumption (measured in kWh) over time.

See Sectiof.2for further details on energy consumption data used, @atativescaling for eackcenario

Solar Data Sources

Sohr modelling is based on houdyeragensolation datgsolar energy received per square meter per month)
for each montHrom the Bureau of Meteorology over the last 15 yearslé@ations dependent upoiné
Scenario

9 Scenaris1l & 2Autilise Melbourneinsolationdata

9 Scenario ButilisesSwan Hilinsolationdata

1 Scenarid utilisesSheppertorinsolationdata (Hume)
1 Scenarie4 and 5utilise Echucansolationdata

Energy and Solar Feasibility Modelling

1 Using energy engineering techniquasnodelo visually illustrate the combined electricity
consumption profile for eacBcenariavas constructedThis baseline modetpresentghe business
asusual (BAU) condition, and providebasis for@mparison to modelle@cenaris

1 Atechnial solar farm feasibility modgdr eachScenariovasdeveloped providing overlay of power
generationprofiles for comparison with existing energy consumption.data

Large Scal8olar Financial Model

1 FGAprovidedauserfriendlySolar Farm Financial Model, providifecycle cost analysis outputs
based on various usadjustable inputs

FG Advisory 3



4 Preliminary Technical Feasibility Assessment

FGA presents thiellowingdetailed energy modellingesultsfor each scenarioNote that Mismatch* refers to thproportion of solar energy generated at times when it does

not match theaggregatecklectricity consumption profiléd low value of mismatch implies a large propordoh t he Counci | s energy consumpti o
arrays are producing energy. A high mismatch i mpl i e sestldraraymarg mtrpiodugingenergft he Counc
assumptions utilised in modelling are summarised in Segtion

4.1 ScenarioModelling Results

. Simple
. . . # of Ar_r 2 Le ,_Qea Generation Mismatch* % Net Ann_ual R et CEriEl Payback NPV (p_er
Scenario | Scenario Descriptio Councils Size Required (GWh) %) Renewable Savings | Revenue Cost Period Council)
(MW) (ha) ($M) ($M) (M)
(Years)

1A ﬁiﬁzw Storage: 1 78 23.7 11.4 67% 100 % $0.70 $3.4 $195 | 286 | $2.1 | -$2.1
1B ,\BATNHEW Storage: 13 78 23.7 11.4 30% 100 % $0.62 $3.9 $455 | 879 | -$299 | -$29.9

Location:

0, 0, . -
2A Ml 8 56.8 172.4 82.6 67% 100 % $5.11 $284 | $141.9 | 286 | $156 | -$1.9
2B LocationNW VIC 8 46.8 142.0 82.6 67% 100% $5.13 $284 | $117.0 | 211 | $137 @ $17
3A LGC Treatment: Sel 8 49.0 | 1487 82.6 67% 100 % $5.12 $284 | $1225 | 228 $7.0 $0.9
3B IF_ainCr eTreatme”t 8 400 | 1487 826 67% 100 % $5.12 $0 $1225 | 296 | -$180 | -$2.3
4A :Ezzztmem: Direct 17 88.4 268.2 151.2 67% 100 % $9.39 $51.9 | $221.0 | 222 | $170 | $1.0
4B Investment: Finance 17 88.4 | 2682 151.2 67% 100 % $9.39 $51.9 | $221.0 | N/A | $289 $1.7
A —————

5A Contribution: 100% |,/ 19.0 57.6 325 2.3% 22 % $1.70 $11.2 | $475 275 | $39 | -$0.2

Matching

e

5B Contribution: 100% |,/ 88.4 | 2682 151.2 67% 100 % $9.39 $51.9 | $221.0 | 222 | $17.0 | $1.0

Renewables

Table2: DetailedScenaridviodellingresultsfor Large Scale Solar
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4.2 Scenariol: SingleCouncil(Battery Storage)

4.2.1 Scenaridverview

Scenaridl considers the financial implicationdarige scaldattery storagéncorporated into the solar arrain
general battery storageallows for excessolarenergy generated during the daybe stored andusedduringthe
night, when solargeneraton is unavailable

The battery storage system is sizedif8)000kWhto optimisethe balance between percesjemismatchand simple
payback periodseeSection6.4for additional details regarding battery size optimisation

4.2.2 TechnicaAnalysis

The graph®elow outline the existintpad(grey), proposed solar PV generation (orange) and the net remaining grid
loadrequired after the addition of solar (green) and battery storage (yellow). The n&iagtid shown to outline the
level of mismatch occurring in each scenario.

Summer Average Daily Profile Single Council- Summer Average Daily Profile Single
Scenario 1A Council-Scenario 1B

8,000 8,000
~ 6,000 £ 6,000
= =~
= 4,000 5 4,000
g " B
a £ 2,000
£ 2,000 3 ———
3 j
c S 0 —
g 0 z 1 3 5 7 9\11 13 15 17/19 21 23
= S -2,000 - om g -
T -2,000 g
g = -4,000
o,

-4,000 6,000 ;

our
-6,000
Hour
———Existing Grid Import
= Existing Grid Import Solar Generation
Solar Generation = Grid Import After Solar
— Net Grid Import (Solar Only) Grid Import After Batteries

Figurel: Average dailglectricity consumption for singBouncilvith solar and batteries included

4.2.3 Commenary

1 The addition of battery storage is not recommended

1 The addition of batter storagereduces projechet present value.

1 The 13000kWh batery reduces mismatch from 67% to%0

1 High export ratesafpproximately0.05 $/kwh) and low offeak ratesgpproximately0.04$/kWh)in energy
moddlingresult in a reduction in savings from batteries, as compared to exporting excesneaigr

1 The financibbenefits of batteries armodelled assuming energy savings and maximum demand reductions
only. Financial benefits of batteries duertetwork supportand othemetworkbenefitsare not considered

FGAdvisory 5



4.3 Scenaria2: EightCouncit (Site Loation)

4.3.1 Scenaridverview

Scenari@® considers the financial implications of solar farm localipromparing large scale soiaSwan Hiknd
Melbourne.Scenario 2 alsconsidersightCouncilsnvolvedin the project.

In general, areas with greatsolarinsolationare morefavourabé locations for solaarrays Factors such agrid
connection capabilitygnvironmentaldegradationand sourcingparepartsand laboutto remote areas alsshouldbe
consideredindeed, development of large scale safaa location such as Mildura would require extensive network
upgrades and hence costiue to zero current capacitgolarinsolationdataused in energy modelling wasurced
from the Bureau of Meteorology.

4.3.2 TechnicaAnalysis

Figure Zbelowcompares thesolarinsolationreceived in kilowatt hours pesquaremeter, for the Swan Hillorange)
and Melbourngteal)locations. Asconsequence of the higher insolation in Swanal#6.8 MW solar array in Swan
Hill will produce the equivalentlso energy output as a 56.8 MW solar array in MelbouFhe.budget capital cost for
each system is outlined in Figure 3.

Monthly Comparison of Solar Insolation Levels Scenario 2 Array Size Comparison

&0

50 I 24.9M

30

Brray Size (MW)

20

Solar Exposure (kiwh,/mz2)
[T R [#N] =N o=l [=a el
B

Melbourne Swan Hill

Swan Hill Melbourne

Figure2: Comparison of monthly solar irradiation levels  Figure3: Size/cost comparison of solar array in Melbourns
between Melbourne and Swan Hill and Swan Hill

4.3.3 Commenary

The location of solar in Swan Hill is recommerm@dthe location of solar iMelbourne

A solar array located in Swan plibduces morelectricitythan the equivalent array in Melbourne

On averageSwan Hilteceives23% more solar radiation per month compared to Melbourne

For large scale solar farn@ounci are advisedo seek development locations in areas that experience more
sun hours, particularly NE and NW regions of Victoria

f
f
f
f
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4.4 Scenario3: EightCouncis (Treatment of rge Scale Generation Certificate§ D/) Q a

4.4.1 Scenaridverview

Scenarid considerstte financialmplications of LGC treatmemibmpaingthe benefits of sellingGCsgainst
retiringLGCsT he s al e o §anlata@al revenpareamfor @arincil In this case, LGEvenuesare
calculated assumiran initial price 8$80/LGC, and lifetime of only fivgrears, due to uncertainty the future of the
Renewable ergyTarget

TheScenari® modelleda solar arrayocated inthe Hume region. The output from this ariagesignedo match
annual energy consumption of the eighpresentativeCounci.

4.4.2 TechnicaAnalysis

The kgure below outlines the lifecyotash flow of LGC revenue for both ScendA &3B. Both payback and final net
cash position are more positi in the sale of LGC scenario.

Scenario 3 Discounted Cash Pasition

$20

$20
-$40

-$60

NPV ($m)

-$80

-$100

-$120

-$140
Year

Retiring of LGCs Sale of LGCs

Figure4: Effect of LGEale and retirementn discountedhet cash position

443 Commenary

Theal e of L GC’ sovéretiringd Gdmared ersutistadkial financial benedit

The sale of G Gépresensapproximateh$25M inadditional NPV over the retire LGC scenario

The sle of LGCs reducesrle Payback period by over fiyears

LGCs have been modelled with-gear Ifetime, a starting price of $8fer LGC and a 5% anhdagradation

in value over 5 years. For the remaining 20 years, LGC revenue is assumed to be $0.

1 Ifa @uncil choseo sell its LGCs, it cannot claim the associated emission reduction, however it can still claim
that it is supporting renewable energy

f
f
f
f
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4.5 Senario4: SeventeerCouncis (Investment Model)

45.1 Scenaridverview

Scenaridl considers thémplications ovarious investmentptions for the initial capital required. The t8oenarie
in consideration are directcash mvestment and a low intere25-yearloan.The loan was modeld as having fixed
interest rate of P7% for25 years.

Note that the location for this modelled scenario has been changed from Mildura to Echuca. This is based on feedback
from the WMSA, citing preliminary advice from the Network Authority (Powercor) that there will likely be capacity
constraints for new reneable energy projects in the Wimmera Mallee region without further network augmentation.

FGA advises that region selections are for modelling and budget purposes only. Further consultation and detailed
assessments for Authority Approvals are requireihduthe detailed design stage.

45.2 TechnicaAnalysis

The Figure below outlines the discounted cash position over tye&3ifetime of the project. The loan term is
assumed to b@5 years withan interest rate changef 397%.The loan repayments includgerest and principal.

The Direct cash investment scenario presents a negative cash flow foajtiréty of the project.Financing the

project withlow interestdebt ensureshat the financiaknergy savingéncluding sale of LGGg)tweighs the principle
and interest paymentsn the low interest loan, resulting imat positive cash flomvestment

Scenario 4 Discounted Cash Flows

$100

$50

10 15 0 25 30

(=]
(S]]

-$50

NPV ($m)

-$100

-$150

-$200

-$250
Year

Direct Cash Investment Low Interest Loan

Figureb: Aggregate discounted cash flow comparison between cash investment and low interest loan

45.3 Commentary

1 Theuse of low interest finance is recommend®er a direct cash investment
1 TheNPVof the DebtScenario is higher than the direct investment Scermtéot he pr oj ect ' s | i f
1 TheNPWVfor the Debt Scenario 8.9 M, compared to $17.M for the directinvestment model
1 Loanrepayments and interest details
o Constant loangpaymens of $14.1M (principal + interestper annumfor a loan term oR5-years
0 Total interest of $131.M over 25year loan term
1 Direct Investment details
o Upfront capital investment B221.(M for an 88.4MW array.
1 The NPV increase in the first 5 years for both models is due to LGC revenues
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4.6 Senario5: SeventeerCouncis (Renewables Contribution)

4.6.1 Scenaridverview

Scenaric considers the financial implications of sizing the solay ord 00% Net Renewable or 100% matched
consumption and production. This scenario is evaluated over seventeen Ctlisnilstcted energyepresents the
proportion of solar energy generated at times when it does not matchah#ined Councélectricityconsumption
profile.

Scenaric consideran 19MW solar array located inorth Victoria Echuca designed for all solgenerationto be

used at the Council s
located inEchucahat isdesignedo match total annual consumptiprermed'100%Net Renewablé.

4.6.2

TechnicaAnalysis

f a c i100PoMdtchesl. It isdompariechwith aim 88.WWNeamay per i

The graphs below outlirtbe modelled solar PV production output for Scersiits &5B.The100%Net Renewable
scenariaequires greater solagenerationduring the day to offset offeak loadst night Thel00%MatchedScenario
requires that all solagnergy generatiois consumed by Council’hese scenarios are presented graphically below.

Electricity Consumption, k\Wh

Summer Average Daily Profile North West -
100% Net Renewable

100,000
80,000
60,000
40,000
20,000
0
-20,000
-40,000
60,000
-80,000

Hour

—— Existing Grid Import

Solar Generation

Net Grid Import (Solar Only)

Electricity Consumption, kWh

Summer Average Daily Profile North West -

30,000

25,000

20,000

15,000

10,000

5,000

0

-5,000

100% Matched
2 5 7 9 11 13 15 17 19 21 23
Hou

= Existing Grid Import
Solar Generation

= Net Grid Import {Solar Only)

Figure6: Daily load profiles df7 Counci with solar arrays sized #80%NetRenewabl®@ ¢ f SIP@wWMatchgR GNA I K (i 0

4.6.3

f
f
f

Commenary

The provision of 100¢énewableenergyis recommended over 100% matched

The 1009%Renewablesnergy scenario presengsmore positive NPV than the 108 tchedScenario

The fnandal modelassumption thaexportrate (spot markeprice forexport)is higherthanthe off-peak

rate results in solar production during the day being more financially beneficial than off peak consumption of

energy.

Management feefor the Retailer to firm and shape the output of the solar an@ye not been included.

Should Council wish to pay a fee the Operation and Management of the Array and the energy production,
the cost of the 100% Renewable Scenario will increase.
Modelling is based on historical pricing, which may not be an accurate reflection of future prices.
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5 Key Considerations

The following considerations are out of scope for this Feasibility Study, but are noted as requirements for further
detailed desigmlevelopment:

5.1 Grid Connection Requirements

All grid connected (i.e. not edfrid) renewable energy installations require Authority approval prior to connection.

Typically, solar farms with capacities over LMW are connected to the electricity netwayk aolage (22kV) within
the distribution network, suttransmission lines (66kV), or transmission lines (>66kV). Connections at this size present
potential risks to network stability, safety, power quality and reliability of supply to customers.

During he detailed design phase, the relevant Distribution Network Service Provider (DNSP) stousd lbedand
presented with technical design information sufficient to commence the formal review and approval process. The first
step in the approval processrfmost DNSPs is to submit a Preliminary Enquiry application with supporting technical
design documentation.

The connection process is expected to require extensive technical/engineering support, and commercial and legal
advisory, and may incur additiortalsts for the completion of network studies and/or augmentation works by the
DNSP.

The processes for network connection varies depending on the DNSP. The connection process for large scale
generation (over 5SMW) can vary substantially depending on the,d¢&fon of the site, and the relevant network
constraints to that siteThe Australian Energy Market Operator will also require consultation and engineering services
fees for any site over 5 MW in capacity.

A highlevel overview of the networkapacity in each region can feeind on the Distributed Annual Planning Reports
for each Distributor. Ausnet Services can be found ietes://www.ausnetservices.comu/MiscPages/Links/About
Us/Publications

Should sufficient network capacity be available, the proximity to transmission & distribution infrastructure will impact
the cost of the network connection. Costs are outlined from Powercor as follows:

22 kV Overhead (OH) extension Rural/Regiona $0.2M per km
22 kV Underground (UG) extension Rural/Regiona $0.9M per km
66 kV OH extension Rural/Regiona $0.3M per km
66 kV UG extension Rural/Regiona $1.2M per km
66 kV Switchingtation Rural/Regiona $5.0M each

Table3: Network extension costs in Powercor network (Powercor,2017)

5.2 Energy Fee Model

A gid connected solar array will require a new financial agreement betimgesator counciland theretailer. Current
modelling assumes energy rates as per assumppia@vdedin Sectiorb.

5.3 Procurement Model

A comparison of a direct investmentdgower purchase agreement is highly recommen@esaVictorian
Gr e e n h o us &leckitity Pracurament is the Victorian Local Government Séligming Council Money with
Council Values).

1. https://www.powercor.com.au/ouservies/electricityconnections/solaand-other-generation/connectingargerembeddedgeneratorsystems/
2. https://www.cleanenergycouncil.org.au/pali@dvocacy/reports/cleaenergyaustraliareport.html
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5.4 Site Selection

Value and capital costs associated wittdlare not contained within the scope of this report. Futwtaded site
selection should consider the follow factors:

1 Local solar irradiance levelss described previously.

1 Land availability/areaseeTable2 for a summary of land size required for all arrbgsid costs are
significantly mor e e x@B®thaniinvegionallareas.dand valoe aMidand our ne’
acquisition has not beencluded in modelling to this point. All sites are assumed to be on Council owned
l and. Should Council’'s require further | and then
report. Median values for land prices in Victoria are outliveddw:

o NW Victoria $1,700 / ha
0 SW Victoria $5,000 / ha
o Northern Victoria $5,000 / ha
o Gippsland $9,100/ ha
0 Values are median farmland sales published in May'2016
1 Land value-where councils hold existing larmbmparing the value in othémvestment areas, i.e. housing, is
necessary.
Proximity to eletricity transmission network
Proximity to local townshipdue to local employment benefits and electricity demand requirements.

= =4

5.5 Market Responsiveness

The market for small scale solar arragbty 5 MW and above 50 MW is currently more attractive to developers and
installers. Below 5 MW, regulatory requirements are lower and connections completed quicker. Above 50 MW the
regulatory burden becomes a lower proportion of total project cost ane éind is an acceptable risk for developers
and installers to commit to.

5.6 Economies of Scale

Solar arragare typicallygrouped by size category intesidential (110 kW), commercial (3200kW) and utility or

large scale abov200kW.As noted in the grdpbelow the cost of large scale solar is not predictably follow an
economies of scale curve. Itis more instructive to provide a range of expected prices for large scale solar, ranging
from $1.34/W to $4.00/W. The large iarce in cost is due tmumerous factorsnamely integration to the electricity
network.

The cost of panels, inverters, and mounting hardware is relatively stable for large scale solar, and great cost
efficiencies are not guaranteed by exploring larger scale profecsuchthe NPV per council is equal whether an

array is sized to match the generation of 8 councils or 17 councils, given all other variablesTeéeugtteen
horizont al line in the Figure below outl i oceeassiost he $2.

5.6.1 Total ProjecCostqexcluding land acquisition)

Total Australian Solar Array Development Costs

$5.00

$4.00 | o o

$300 | ©
2 —2 o o
% $2.00 ¢ ° o

° e ®
$1.00
$0.00
0 50 100 150 200 250 300 350

Solar Array Size, MW

Figure7: Summary of project costs per watt of installed capdodya(adapted from CEC, 2(%ske Appendifor raw data)
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5.6.2 Technology Costs

The declining cost of solar PV modules tsgeificantly reduced capital costs for equipment in recent years.
Government programs and market competitiveness have also placed downward pressure on prices. The cost of solar
PVequipment and developments are currently favourable for large scale installations. Financial viability is to be
revised shouldhe following occurGovernment subsidies ceasebe reducedland availability decreases dad
favourablegrid connection loations are developed.

The cost of battery storage currently does affer a viable amount agavings in enerdgypr further development at

this stage In the futurg installed costs of large scale batteries are expected to decrease. Alternative funding
arangements are also expected to be avaBadttaystomgewi t h D
financial viabilitghould be reassessed in line with expected ndtvebanges to incorporate largeale battery

installations.

5.6.3 Additional Indiect Costs

Further cost considerations include plannisgj| testing and legal fees. Planning requirements can create costs due to
the engagement for an independent planner and the scrutiny received for any developments in the planning system.

Soil testing has been included in overall project costs by kW. Extensive soil testing for large arrays can increase indirec
costs outside the contract as tenderers require more information prior to submitting their proposals.

Legal fees can be incurradhen creating new solar PV design and construct contracts for large arrays, and to create
the agreement between Retailer and Corporate offtake to sell the energy from the solar PV array.
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6 Appendix

6.1 Assumptions

ScenaricAssumptions

=A =4 =4 -4 =4

Interval dataat 15 minute intervals or a si ngl e *‘ r lecatedensvietropolitan iMellourr@o u n c i
Threetypes of site profiles weradluded public lighting, large market sitead small market sites

Scenaridl utilises onlyepresentative Counditerval data

Scenari@® & 3 consistof representative Coungirofile scaled to yearly consumption®€ouncis

Scenarial & 5 consisof representative Coungplrofile scaled tyearly consumption df7 Counci.

Solar PV Array Physical Assumptions

1 Solar PV array production assumes:

0
0
0

260 Wp modules of 17.75% efficiency

Standard efficiency (98%) inverters with no tracking or string DC optimisation

Total system efficiency of 825%. Loss factors i
losses, voltage drop, yearly degradation and transformer losses.

Modules arranged in double rows of tilt framing t& @@th 3.5m row spacing.

Solar insolation data gathered from Bureau of Meteorology for MelboGwan HillShepparton

(Hume Region) arichucgNorth-west region).Note the location change from Mildura to Echuca

due tothe likelihood of network capacity constraints.

Financial Assumptions

1 Allscenaris assume the following:

(0]

o
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Year energytariff blended across large, small and publidinghmarkets rates.

A Peak: $0.0583 /kWh

A Off-Peak $0.0379 / kWh
An annuaklectricity tariff escalatiob a s e d o /AEMDa/ictoridndex forecasted over 25 years
Network tariffs not considereas all energy requires distribution through network regardless of
location of new renewable facility.
Total capital cost of solar PV array assumes $2,500 per kWp of installed capacity (kWp of modules
installed (DC)).
Battery cost assunteat$2,000 per Wh
Cost of land is not considered
After the installation of the large scale renewable facilitgre are three flows of energy.

1. Renewable energy produced from solar PV and consumédunmcikites at the same time
(“matched”). Thi beobtainedfrpng thd renevaldesenenyy plantt and
therefore will be obtained at no cost.

2. Energy consumed ouncikites at times when there is no renewable energy production
(“mismatch”). This energy is assumed to be
blended from large, small and public lighting accaunts

3. Renewable energy produced by solar PV and consefeedhere in the grid. This energy is
assumed to be sold at the spot market price.

Valueofdr ge scal e gener ais $88ULGC at ¥aartlj abdhodald te declifeL GC' s )
over the next five years at b5 énafteréveyearnduaiton. L GC’
uncertainty in the Renewable Energy Target (RET).

Annual @eration and maintenanc® & M) costs assumed at $20/kigtalled

NPV Assumptions

A 25year investment timeframe

A Discount rate of 4%

A 25year asset life
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6.2 Historical Development CostsArray & Network Connection

6.2.1 Large Scale Solar Farms (CEC,2017)

The following Table presents a list of recently installed large scale solar farms in AQsstdiaredtal project costs
including network connections.

State Developer Project Mw Investment $/W
QLD Sunshl_ne Coast Sunshine Coast Solar Farn 15 $50m $3.33
Council
Lakeland Solar &
QLD Storage Lakeland Solar & Storage 10.8 $42.5m $3.94
New Gullen Range
NSwW wind Farm Gullen Range Solar Farm 10 $26m $2.60
Fotowatio Renewable .
QLD Ventures Lilyvale Solar Farm 100 $400m $4.00
NSW Neoen Dubbo, Parkes, Griffith 110 $230m $2.09
QLD ESCO Pacific Ross River Solar Farm 148 $225m $1.52
SA Snowy Hydro Tailem Bend 100 $200m $2.00
qup Fotowatio Renewable .o solar Farm 100 $100m  $1.90
Ventures
QLD  Sun Metal P/L Sun Metals Solar Farm 116 $155m $1.34
QLD Genex Kidston Solar Farm 50 $126m $2.52
WA APA Emu Downs 20 $50m $2.50
ViC Overland Sun Farmin¢ Yatpool, [raakiVemen 320 $500m $1.56
SA Lyon Group Riverland Solar Farm 330 $700m $2.12

Tabled: Summary of Large Scale Solar Installations, adapted from CEC Clean Energy Australia Report (2017)
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Sme key observations associated with the current si@glenciklectricity consumption profile are summarised
below:

Commentary

1 In aggregate, theepresentativeCouncikxhibits moderate seasonal variation, ranging from approximately
800 MWh in November, to as high as 1,100 MWh in March.

1 The moderate seasonal variance can be attributed to the large market sites, which tend to have higher
electricity consumption profikein winter months

1 The high baseline and moderation of variability can be attributed to the large contribution of public lighting to
overall consumption, which is a constant throughout the year.

6.3.1 Business as Usual Daily Electricity Consumption Profiles

Summer Average Daily Load
1,200.00
1,000.00
800.00 \
600.00
400.00
200.00
0.00 =

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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Electricity Consumption, kWh
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Figure11: Daily summer load profile fBeepresentative Council

Winter Average Daily Load
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Figurel2: Daily winter load profiller Representative Council

Commentary

1 Seasoasl effects are representative tife smalimarketwinter peak at 7pm, typical of increased afteurs
use

9 Public lighting accounts for large-ptak electricity usage throhgut the year, whichesults in a large
mismatchcompared to solar genetian

1 Summer daily load is, on average, higher than itewin
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6.3.2 Scaling Composition Comparison

Composition of Existing Consumption
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Figurel3: Comparison of load profile components

Commentary
1 TheEightCounciland 17CouncilScenaris were scaled directly from thiRepresentative Coundéta
provided

1 City of GreateGeelongCouncidata used for comparison purpossgh Representative Council data
provided(this is a publicly available dataset)

1 City of Greater Geelorggnall market, large marketnd public lighting consumption spligisnerally
consistent withthe RepresentativeCouncildata provided

6.4 Battery StorageSize Optimisation

Export Energy and Simple Payback vs. Battery Size
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Figurel4: Optimisation of export % with SEBdnaridb)

A 13000kWh battenstorageprovidesthe optimal balance between minismg mismatch and simple payback period
Note that the addition obattery storage significantly inflateenple payback periogalues. The batterstorage
systemwas sizedn accordance witlscenaridlB.
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