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Disclaimer

This report documents the results of preliminary observations and analysis of material provided to Constructive Energy Pty Ltd. In preparing the
report, we have relied upon information provided by Armidale Regional Council, retailers and Azility Energy Management through referral to
form our conclusions. Whilst we have reviewed this information to assess its reasonableness and internal consistency, we are not able to
consider specific and/or abnormal circumstances that may impact your energy use.

The findings, conclusions and recommendations and all written material contained in the report represents our best professional judgement
based on estimated and generic data and visual inspection where appropriate. Recommendations have assumed average conditions and
historical usage.
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Executive Summary

Armidale Regional Coun¢ARC)s taking a proactive stance in relation ¢gbmate changeseeking to
address emissions both within the organisation ahdough leadership withinand support ofthe
community. Constructive Energy (CE) have been engageddeatify opportunities in relation to
renewable energyand consistent with the objectives of Project Zero&ltcomes of the study are
captured in thiRenewabléenergy Action Plan (REAP)

Constructive Energgompleted a review ofstrategic documents includintpe Armidale CityActivation
Plan,the ARCLocal Strategic Planning Stateme@i20, and 2020 Climate Emergency Working Group
Report. ARC has an ambitionadopt Renewable Energy and a clpathwaytowards a carbomeutral
future.

The NSW Governmerannouncedthe Electricity Infrastructure Roadmap setting out a plan to deliver 5
Renewable Energy Zones (REBSYering affordable, reliable energiyreplace theNSW0 & SEA &G A y 3
intensivegenerabrs as they rere.

The New EnglanREZ encompasses the Armidaéeal Government Areand surroundingcouncils The
region hadeen identified as®ne of the leading locations for Renewable Energy reso\vaed andsolar)
receiing State Government suppoand private investmentor the development of largacalesolar PV
andwind farms.The region alsthas the possibility for other Riptions includingpumped hydrostorage
and biomasgeneration

Asthe renewable energy market evolvasw energy storage options are emergigcompetitive cost;
these include large scale battery banks and hydrog@ouncil ha an overarching objectivéo drive
operationsto 100% renewable energyy 2@0. This goal necessitategxaminingbuilding and facility
energy consumptionbth electricity and ggsand vehicles, plarand equipment.

It is already possible for Council to pewered by100% renewableenergythrough selective energy
procurement Further,being in the REi8 likely tosee Council well positioned tmrgainfor good pricing
with local generatorsia an energyretailer. Howeverthis approach does not form the bulk of this report
which instead examines how Council may benféim participaing directly in the ownership and/or
management of renewable energy technology

While a full range of renewable energy technologiesexglored CE finds the most obvious opportunity
in solarPV, following essentially one dfvo pathways Behind the Meter(BtM) distributed energy or
DistributedEnergy installations across a numbeCafunciland possibly partner assefBhese options are
discussed in detail throughout tHelan.

EnergyStorageshould be considereds part ofthe evaluationfor every projectfor its ability to provide
flexibility and adaptability in energy management in the futuféis is particularly true if Council elects to
follow the distributed energy route.

The retailing sector ishangingdramatically,and ARCs well positioned to take advantage of emerging
modelsin valuing and sharingenewable energyCapacity now exists f&kRCto effectively operate as a
YeneratorNE (i akhd tdideBXcess energy to underpservices oaffordable energy tdocalbusiress
and industry.
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Energy #iciencymeasureshould not be forgotten as this botieduces theCapital ExpenditurdJAPEX
required to achievel00% renewablenergyand, ifthe rightgeneratorretail deal is brokered, will result
in additionalvalue forCouncil.

Vehiclesplant,and equipment represent a challengdiich can be manageduasicallythrough offsetting
or substitutiondepending orfinancial factorsthe appetite of Council for innovatidleadership and the
practicality d developing alternative fuels iArmidale

Gonstructive Energy are of the opinion thaansitioning to100% renewablenergyis not only achievable,

but alsomakes economic sensand to do so and will improve thétness ofcouncil for the futureon
multiple levelsWe recommend thafArmidale Regional Counaitlopt this Renewable Energy Action Rlan
use itto gain or leverage government and private investmeantd start soonto meet/ 2 dzy P30t Q&
target.

Constructive Energy is passionate and c@id to the integration of renewable energy in Regional

ldzZA OGN €A F2NJ GKS FRGFYydF3sS 2F t20Ff O02YYdzyAGASao®
on an ongoing basis at no chargéonstructive Energy can assist in grant submission, business case
development and project delivery thaRQnay require.
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1.1 Armidale Regional Coun(AR(Q

Armidale Regional Coun¢ARQ located in theNew England region of NSVWheArmidaleregion has a
population ofaround30,000andjust over 12,000 dwelling®ustralian Bureau of Statistic®)16 Censys
TheLocal GovernmenAreacovers approximatel,621sgkmand is located within the Essential Energy
distribution network.

Koy
w— LGA Boundary Highway National Park o Town Centre

it Rallway Lino w— ANors/Crooks @  Regional City e Vimage
(n uso)

Map 1.Armidale Regional Counbibundary(Map Sourcelocal Strategic Planning Statement
A Plan for 2040 (Final October 20p0)
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1.2 PurposeStatement

ARC declared a Climate Emergeimc2019and thishas provided the imprimatur fdurther engagement
and planningaimed atboth netting out emissions and building adaptive capacityis applies to both
council as an organisation and to the eatitGA

Council has an active role in collaborative initiatives inclugingect Zero3Pa partnership between ARC,
UNE andhe communitywhich has set goals in relation toaking the LGA net zero for carbon emissions
by 2030.

/| 2dzy OAf Q& wholistidN@nbraxrigthd Blanetary Boundaries Framewodeveloped by the
Stockholm Resiliare Centreand developingeadership capacitwithin the organisation and Councillors.

The Renewable Energy Action Plan refléstaidale Regional Cour@Bi RS&AANB G2 Sy3alr3s 4
energy and identify options for projects that benefit Council andAhmidalecommunity.

ARGsupports innovation in energy use and delivery for the purpossupporting Project Zero30 goals,
improving cost control, demastrating leadership within the community and preparing for any future
carbon price.Specifically in relation to renewable ener@gquncilis supporting the followingyoak.

1 Be a net renewable energy exporter and have 50% of its industry and homes egpsotar
energy to the grid
1 Generate power using biochar power generation technologies
1 Be a model for carbon transitions and adaptation
f 2AYGSNI FANI ljdz- t AGe fS@Sfa o0St2s GKS 5SLI NIYSy
(Source Project Zero30
The previously developed Armidale City Activation Plan@dgas to areas of focus related to tHREAP.

GreenActive Transport Network

Attract startupswith low-costenergy

CelebrateSustainability

SEADbSS 9y3fl yRQFexpstighoRate OSy (i NB

Smart Regional Cities ProjegtPower for data centre IT Hub

HEX NE, New England Horticulture Centre of Excelleqcgower for greenhouses and water
pumps

1 Sun Trairg Energy conservation

(SourceArmidale City Activation Pl&2018

In context of tle above the purpose of this Plan is to provide strategic direction into the specific
opportunities and pathwayfor Council taransition to 100% enewableenergy sourceby 2(B0 and to
support the entireregionin achievinghe same

=A =4 =4 =4 -8 =9

Of note is the alignment of this Plan with the Shistainablé®evelopmeniGoals, specifically; 7 Affordable
and Clean Energ® Industry,innovation,and infrastructure, 11 Sustainable cities and communitid§
Climate Actiorand 15 Life on Land.
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1.3 Armidale Regional Coun@bjectives
Armidale Regional Counbis developed this Renewable Energy Action Plan with the following objectives:

- To play its part in mitigation for, and adaptation to, climate change.

- ALYONBlIaS dzaS | yR Jlesoyreegand degrgase 2he ushBf yidhenewabl& NJ
NE&2dz2NOS&d¢ 0a2dzNOS> | w20B) adzadl AyroAfAGe A4GNFaGS

- To reduce the cost and uncertainty of future energy supply to Council infrastructode
transport.

- To attract and retain people and businessef\tmidale Regional Council

- To support residents and local businesses suffering financial stress or discomfort due to energy
affordability.

1.4 Decision Making Framework

The following framework was developed in consultation wiimidale Regional Coundtaff and
Councillors to assist in evaluating the relative importance of projects identified through the Renewable
Energy Action Plan:

- Carbon reductiorr does the project contribute to Project Zero30

- Benefit/Costc does the project have positive financial impac

- Community benefit; how does the wider community benefit from this project?
- Logicg is the project practical, defensible, sound, ethical, enduring?

- Leadershig; will the project stimulate positive change in others?
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1.5 Desktop Analysis
Given trat Council intends to power the enti@ganisationoperatiorns using100% renewable forms of
energy we start by quantifyingvhere energy is consumed, how much and in what form.

Electricity

The first task in developing this action plan was to complete skid@ analysis of all metered sites to
create a general profile of hoARQises electricity. Then further, to understand how contracts and energy
supply arrangements are structured with various energy retailers and the network provider.

Armidale Regionald@incilengagesE21to provide a bill validation service and this portal was used to
collect and verify site data.

The analysisvas for a 12nonth period for all sites was thdzLJ dzy G A® .az BK WASI2GA+F G SR
aAiSa yR ISy S\ fF yWd IRNISTRTQ LyA b2 Oy adzySNE I NB S\
cheaper electricity retail charge if they consume more than 100,000 kWhrpam (100 MWh p.a.)

Only limited bulk consumptiordata has been available f&@ounci® tariff sites.E21and the Energy

retailers werecontacted to obtainnterval datawhere possiblebut most sitesdo not have this capacity

Raw data tables and analysis are not included in this repowtever further analysis followsn the

appendixes.

Table 1. Contradctite VS Tariff site summary
No. of Site  kWh MWh % usage Cost $ % cost c/kWh  GHG (tonneq
Contract 12 2,913,558 2914 82% $ 642,112.95 76% $ 0.22 2360
Tariff 102 648,907 649 18% $ 200,823.52 24% $ 0.31 526
Total 114 3,562,465 3,562 $ 842,936.47 2886

In the 12months the 12 Contract sites consumed, 913 MWh of electricity compared t&50 MWh
consumed by thd 02tariff sites as is shown in the Table 1.

While the major contract sites represe@®% of energy usage, they represéi®o of the overall energy
costs.Thisreflects themarginally lowerlectricity ckWh ratesavailable forhigher demand siteand is
within the band of chargeanticipated

Scope 2 geerhouse gaemissions have beetalculatedreferencingthe NationalGreenhouse Accounts
2021 andshow thatCouncilemitted approximately2886tonnesvia indirect emissions from consumption
of purchased electricity.

Vehicles, plant and equipment

ARCown and operate a significant register of machines required to execute the various operations of
Council. Ignoring workshop and landscaping tottgre are approximately~56 pieces of minor
plant/special equipment, a furthe27 items of heavy planand just unde60 vehicles.

The vast bulk of fuel consumed is diesel and petrol. It has been difficult to establish an average year for
calculating consumption estimates bARCappears to consume arour2R0to 250,000 L of liquid fuel

each year. Based dhe split of diesel and petrol this equates to approximat&®40000 kWh of energy
andleads toassociated emissions in the orderGfiOtonnes per annumSee Table 2 below.
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Table 2. Annual fleet and plant fuel and energy demand @ritissions
Financial year Approximate Litres Approximate kWh p.a Approximate kWh p.m Total Scope 1 GH!

consumed p.a. emissions (tonnes

FY2( 212,174 2,239,614 186,634.46 57]

FY14 244,628 2,582,185 215,182.12 66

FY18 248,800 2,626,2p2 218,851.85 67]
Average 235,201 2,482,674

These figures become the working numbers for planning how to reach 100% renewable for vehicles, plant
and equipment The theoretical conversion of embodied energy liquid fuels to kWh is usefub
approximatelyindicate the quantum of energy required taoveplant and people around for a year. That

is, about 2.4 GWh compared to the 3.7 GWh requttedower buildings and facilities

However there is wide variation in the efficiency &2 y @S NI A y 3 S yoBidHGh, betweén2 Wg 2 NJ
Internal CombustiorEngine vehicleBattery Electric Vehicles, Hybrid vehicles &iydrogenFuel Cell

vehicles.For exampleBattery Electric Vehiclgs 9 & fiake more efficient use afnergy thaninternal

Combustion VehicleCB cars (Around 90% conversion of energy notion for BEVS compared to

around 40%or ICE. Hydrogenvaries again depending on thuese ofenergy required to creatbydrogen

but is shaping up as a suitable fugdrticularlyfor heavy vehicles and plarftt takes ~54kWh of electricity

to make 1 kg of hydrogen whidan then deliver-33kWhof electrical energy)

A detailed mobile energy plan is beyond the scope of this repmreverwe raise these figurebecause
they are important in the context o€ourcil becoming 100% renewable across all operatignkey
implication ofelectrifying fleet and plant is that the energy to operdbeem can be produced locallyf
Councikhooses to invest in seffeneration to meetarbon/energy targets, thenonsideation should be
given tofuture electrification of fleet and planand the capacity to creatap to 2.4GWh locally from
renewable energySection 4.7 below provide more dialogue around this.

Gas

In terms of reduced carbon emissions and increasing exp&R@s in the fortunate positiorof having
virtually no reliance on gas for heating or transpa¥hile Armidaleproduced its own town gasp until
late last centuryit is hot connected to a national or regional distribution network

The absence of town gaslegacy of poorly insulated homes atie rising cost of electricity has resulted
in the proliferation of wood combustion heatsin many homesGiven that the citys situated in a valley
and conditions are often calm, this rewuin significant air pollution

There is growing interest and examples internationafiypiogas being generated for municipal supply.

While not core to recommendations in the REAP2 dzy OAf Yl & R2 4Stf (2 Wi
developments in this spacBeing a region of primary productipih may be feasibléo establish a biogas

plant as a source ofrenewalle gas for residential heating viadistribution within the existing
decommissionedhfrastructure
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Energy Approaches
Constructive Energy has exa§iR G KS Sy GANBGe 27F / 2 daidnhe viewdto a4 S a
becoming 100% renewablé/e have considerethe followingbroad approaches

Stationary Energy
1. Seek 100% renewablenergyfrom suppliers

Imply seek renewable electricity supplieRroximity with the New England Renewable Energy Zone
(NE REZnay be advantageous for this approach.

2. Make your ownenergy.

EstablishCouncilwith sufficient renewable energy generation capacity to meet demards could

occur in a literal sese with storge todispatch energy as needed 24/3f asan offset mechanism

utilising the National Energy Netwotd absorbexcesS Y SNH& ¢KSy ! w/ R2SayQi vy
energy when idoes.

Mobile Energy
1. Find alternative fuels and technologies

Electrify wherepossibleandsupply® 3 NB S y GeelShiofudlsdolder heavy plant and move to
hydrogen fuel cells over time

2. Offset energy use and emissions

Quantify and offset fleet and plamrmissionsTransition to alternative lovearbon technologies over
time.

It should be noted thathe NEREZ could ultimately supply arourd of the energy needgor all of NSW
meaning that any smaller local loads, such as the city of Armidedeeffedively supplied with100%
renewableenergy Despite this reality, thélationalEnergy Market does not distinguibletween parts of
the grid that are more or less renewagtgowered

With thevarious REZs and other renewable energy projects in the pipelinéusiealian Energy Market
Operatorand many industry commentatorscpect the national grid to b&0% renewalyl poweredby
2025 and 90% renewable around 2030is currently about 20% on a national scailg much higher in
South Australiand Tasmania

In effect if carbon neutrality is the key driveli, KA & NBadz Ga Ay [/ 2dzyOAf KI GAY
approachca A YLJX & LIJzZNOKI &S W3NS Sy QtieSahdpubahdsd ofisetéoithe idhrNJ 6 dzA £ F
renewable energy associated wiiquid fossilfuels.

This strategy however rendefsRCas a‘rice take€bnly. This report examines opportunities for Council
to become investors and loAgrm financial beneficiaries of energy infrastructuire the process of
transitioning t0100% renewablenergy

ARChas already invested ian-site solar for several facilities and has other proje¢td y G KS LJA LIS
Constructive Energy did not seek to replicate this work, rather to aggregate and examine the overall
energy consumption story farontract and tariff sites.
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2.0 Contract Site Angsis

All contract sites were analysed in detail and summary findings are included in Appendix 1 of this report.

2.1 Contract Site Overview

The following table lists all contract sites with their usage and annual cost per kilowatt hour (¢cAdwWh)
help identify which sites might be the most important to focus one Bummary tableepresents the
rolled-up costs(i.e., supplyand consumptiopand will change between bills and years, however it does
help identify expensive sites and saptimal contract tems.

Table 3. Armidale Regional Council usage and costs for Contract sites

Site Name Usage kWh GHG tonnes Cost $ c/kWh
Malpas Destratification Unit 73,247 59% 14,001$ 0.1917
Guyra Streetlights 81,838 66% 16,391$ 0.2009
Garibaldi Street Pumps 82,840 67% 15,388% 0.1854
New Library 167,508 136$ 34,308% 0.2044
Guyra Water Treatment Works 196,499 159% 62,867$ 0.3199
Water Treatment Plant 204,426 166$ 48,133% 0.2354
Sewerage Treatment Plant 238,035 193% 55,589% 0.2334
Ozonation Plant 260,779 211%$ 64,907$ 0.2484
Airport 285,131 231$%$ 65,726% 0.2304
Aquatic Centre 312,622 253% 61,254% 0.1959
Administration Centre 367,004 297% 74,271% 0.2024
Armidale Streetlights 643,529 521% 129,277% 0.2009
2,913,558 2,360% 642,113% 0.2209

On the face of this informatigrone might focus on sites with the highest c/kWh rate or those with the
highest consumption however, more detailed analysis can often move thetpridsewhere.

The followingthart 1 relates to the same data but provides a clear visual indication of which sites consume
the most electricity

Chart 1. Contract site usage

Contract site Usage kWh

Armidale Streetlights IS
Administration Centre I
Aquatic Centre I
Airport I
Ozonation Plant I
Sewerage Treatment Plant I
Water Treatment Plant I
Guyra Water Treatment Works I
New Library I

Garibaldi Street Pumps I

Guyra Streetlights I

Malpas Destratification Unit IR

o

100,000 200,000 300,000 400,000 500,000 600,000 700,000

m Usage kWh

The two largest consumers of enenggre thestreet ightingand theAdministrationCentre While Chart

1 revealghe relative total consumptiophidden within thesdigures are existing behind the meter solar
installationsand variabledaily and seasonal usage profil@heseprofilesprovide important insights into
optimising management, technology interventions and retail arrangements for each site.
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2.2 Billing Structure

The billing structure becomes important when considering the potential editnrenewable energy to
reduce costs and drive operational chang€ke followingtable is an excerpt of a bill for thArmidale
Regional Council Administration Centned provides a detailed breakdown of the chargesediectricity
supply to this site.

Example Invoice fohdministration Centre

Energy Charges Consumption Unit cost ¢ Total charge

Peak Energy 5,736.30|c/kWh 9.421 $540.42
Shoulder Energy 12,174.20|c/kWh 9.421 $1,146.93
Off Peak Energy 18,735.00|c/kWh 6.583 $1,233.33]
Losses {DLF =6.640; TLF = -3.29; Rate = %} % 3.1315 $91.46)
Sub-Total $3,012.14

Market Charges

Ancillary Senices Charge 39,078.00|c/kWh 0.0327| $12.78
ESC 39,078.00|c/kWh 0.1876) $73.31
LRET 39,078.00|c/kWh 0.2966 $115.92
SRES 39,078.00|c/kWh 1.1233 $438.95
NEM Fee 39,078.00|c/kWh 0.0368 $14.38
AEMO FRC Operations 31|c/day 0.3643] $0.11]
Sub-Total $655.44

Network Charges

Network Peak Energy 3,134.00|c/kWh 4.2784 $134.09
Network Shoulder Energy 14,776.60|c/kWh 3.7133] $548.70
Network Off Peak Energy 18,735.00|c/kWh 2.4364 $456.46
Peak Demand 77.2|$/kVA 9.9526 $768.34
Shoulder Demand 94.6/$/kVA 9.0047 $851.84
Off Peak Demand 80.4|$/kVA 2.1848 $175.66
Fixed Charges - Daily Rate 31| $/meter/d 14.9752 $464.23
Sub-Total $3,399.3]

Associated Charges / Adjustments

Metering Provision 31|$/meter/d 1.6667 $ 51.67
Value Added Senice 31|$/day 0.0656 $ 2.03
Sub-Total $ 53.70

Total (inc GST of $712.06)| $ 7,832.67

For ease of analysis tleharges can be grouped and represented visually as per the Zbatow.
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Chart 2. Contracted sites bill comparigtay 2022

Contract site- invoice composition example

0.38% (7505

‘ — 8.82%

m Market Operator charges

= Metering charges

0, .
A47.74% Environmental Schemes

m Retail Charges

42.30%
= Network charges

There are important insights to be made from this information.

- Consumers have no bargaining power over the Netwbtlrket, Metering or Environmental
charges. The only way to avoid these is to not buy electricity.

- 42.3% of the bill is open to negotiation (retail charges). If, for example, one could halve the retalil
charge rate, the overall bill saving would ke 3%, @, in the above examplegb332vs #,823

- ¢KS NBlFazy (KFId WoSKAYR GKS YSGSNID 6. ¢tald LINEE
elements of the bill though reducing thédull purchase of electricity

- Bmbedded networks anticrogridsthe include geneation can alsaeducenetwork charges.

.SAY3 g NB 2F GKS OKFNHBHS ai0NHzOGdzNE OFy Ffaz2 fSIR
shows the current retail charge structure fArmidale Regional Courilarge usage sites.

The most coseffective time of day to consume electricity is in the-Péak period from 8pm to 7am.
Shoulder times (9arpm) and Peak times{Jam and 58pm) are charged dtigher rates

Chart 3. Contract SitesTime of Use retail charges

Contract Site TOU Charges
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The differential between peak and offeak charges can provide the economic rationale for battery
storageand/or behind the meter load shiftingViost obviously,energycan be purchased at the least
expensive ofpeak times, stored and then consumieehindthe-meter in the most expensive periodat

the time of writing battery costs remain too high for tldpproachto be costeffective however, paired
with on-site solar a battery can make sense to reduce exposure to peak tariffs.

Often thereis a moe immediate opportunity inload shifting through demand controA range of

technologesnow exists to automateevicesfrom simple timing switches tmore complex sensor driven
controllers.This already occut® some extentat ARC wherefor exampleplant operators seek to loek

out pumps from running during peak times.

2.3 100%Renewable

Combined witHow-carbon drivers, nderstanding the composition of electricity fees and charges can lead

G2 GKS ARSIt 27F 3J2Ay3 &8eW hstalahdoRR thig willkgenér&llgmidhTat 2 G K S NJ
pay-back periodcompared to a griconnected solutiordue to the inability to sell excess energy

It would be impossible to achievi®0%renewable capacity at each of these sites vdgthsite solar only

not least because of limited sisgpaceandgrid connectiorcondraints. An onsite battery can be sized to
FOO2YY2RIFIGS (GKS ¥Fdzf f RSY!I y R faili/ euiges dighificant iva@sméO G A S
A third approach would be to integrate a-generation or hybrid energy plant. Biodiesel cogeneration

plants are readily available commercially. Hybrid energy systems wislit@isolar and wind generation

plus battery and backip generator are increasinglcommon for offgrid homes and larger industrial
applications.

The key questiors Y managing these sites in isolation better than a collective approach to the full suite
of council asset<?

Consideratios include Council apacity/desire to own/operate additional infrastructure with
commensurate increase in O&Nsuranceetc.

Recommendationl. Improve energy transparency and contrat all sites.2. consider closely the
relative merits of creating a situation where a council owned,-stdle renewable energy generaitc
can be established tdn time, provide energy for contract sites for near zero cost, versus redu
overall consumtion with oversized BtM systems and an energy sharing platform.
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3.0 Tariff Site Analysis

3.1 Tariff SiteDverview

Armidale Regional Counailanagesl02facilitieswith uniqueconnections to theeslectricity network via a
National Meter Identifier (NMI). For this analysis we have grouped these sites into areas of common
function as per Tabld below. Aswith contract sites, the simple derivative of annual cdstided by
consumptiongives an indicative/kWh and providesa metric to prioritisesitesthat will benefit from a

BtM renewable energynstallationor efficiency intervention

Table4. Tariff siteost and usage breakdown

Site group No. Sites Annual kwWh GHG tonnes Annual cost ¢/kWh
Amenities: Toilet blocks, lookouts 31 178,332 144 § 54,008.580.34
and Mall.
Council Facility Depots, offices and 10 134,147 109 $ 34,328.985.50
dog pound.
Community centresHalls, 12 128,772 104 $ 36,247.788.15
community centres and libraries.
cher: Any othgr site that dl'd not fit 16.286 13 § 6,931.682.56
into the other listed categories.
Parks and fieldsSports facilities, 3 180,812 146 $ 52.901.089.26
parks and gardens.
Water treatment or pumping: 17 261,646 212 $ 68,481.026.17
Sewer, septic and water pumps.

102 899,995 729 $ 252,989.080.34

*Indirect emissions from consumption of purchased electricity

Chart4 below represents the same information in a manner that allows us to see the groupings that draw
the most energyWater treatment and pumpingre typicallythe highest demand group for councils
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Chart4. Grouped tariff sites annual kWh usage chart

Tariff sites - Annual kWh Consumption
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Further insight is gathered by looking into the individual sites that consume the most energy5Table
below, displays any sites that consume 02@/000 kWhper year.

Table 5. Tariff sites cost and usage breakdown

Site Name Annual kWh GHG tonnesAnnual cost c/kWh
Swimming Pool 76,930 62 $ 20,294.4%26.38
Depot Mann St. 53,799 44 $ 13,654.225.38
Madgwick Pump Station 31,383 25 $ 8,329.626.54
Dog Pound 30,177 24 $ 6,332.020.98
Ross St. Reservoir 23,625 19 $ 6,730.028.49
Dumaresq Dam 21,767 18 $ 6,035.727.73
Traffic Education Centre Mann St 20,432 17 $ 5,851.428.64
Kent House 20,009 16 $ 5,539.727.69

278,123 225 $ 72,767.426.48

*Indirect emissions from consumption of purchased electricity

Our analysis demonstrated that theRC swimmingooliseligible for contestable tariff negotiation in the
next retail contraciperiod. However ontinual tariff review is also likely to remain of value for this group
of facilities, and all others on contestable tarjffgrticularly with greater understanding and control of
the daily usage profile.

Key questions

- Which of these sés is best suited to BtM solar?
- Which sites can change their energy use through either behaviour change or technology?
- How can we get interval/operational data for these sites?
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3.2 Tariff Site Strategy

The c/kWh column ifable5 above is a relatively blunt but useful metridnderstandably, the sites that
appear most expensive are those with low or intermittent use, raising the relative proportion of the fixed
connection charged he highest of these figures point to potentiadcnnection of certain sites from the
grid and replacement with standalone solaattery systems. As an example, this approach could be cost
effective forsomeamenity blocks. Certainly, this approach should be considered for all new facilities
where connetion costs can be redirected into ajfid CAPEX with little egoing outlay.

Of the larger tariff sitesbeyond energy efficiency measuy#sere arethree strategies for reducing costs;
behind the meter solar installationselfconsumption of export fysm other Council sites at a reduced fee
(see more on this belowand load shifting to optimise tariff structured/hile we know there are some
sites that aremore obvious choicefr small rooftop solar, it would be better to make decisions based
on dataand again, we are limited by the lack of energy consumption intervalatdtze tariff sites

Behind the meterenewables

It is likely thatrooftop or onsite solar opportunities exist at most of the tariff sites ahére may be an
argument for behindthe meter battery installation at some sitds avoid peak tariff chargeand
participate in emerging demand response opportunities.

This approach is analysed below in section 4.3.2 Distrib&@dr Installation.

Internalenergy sharing

Over recent years the capacity has emerged to gewkralolarsites, managing them as a Virtual Power
Plant(VPP)and/or to specify pathways of energy sharing between customers/gsitasown asPeerto-
Peer tradingExamples already exist in Austradiad ®nceptuallythis could be a useful model f&fRC
There is a financial advantagie paying oneself for energyor, in time, supplying excess from site A to
site B for free (although network charges still apply)

The establishment of internal energyating will necessitate both upgraded metering devijcas

cooperative retailerand identifying a hierarchy applied to sites. The hierarchy will be based on factors

such as consumption profile, overall load/cost and social benefit. This hierarchy enables Council to
2LIAYAEAS (GKS SEOS&& adzY YSNI SELRNKL &NER Yt 2 6 $ 12d2y fOR Y (i ¢

Later in this report weaake this approach to an extreme aimlvestigate the opportunity taonsume

energy ateveryARGsite with electricitywhich has been generated at a single lasge. This enables the

pay-off of an array to benade withfunds already budgeted toperate multiple sitesAsis the casdor

the distributed generation approach, once the single large arrdéylidf AR 6 01 Q / 2dzy OAf Ol y
to itself foravery low marginal cost

Load shifting

There are advantages in having the abiliticmtrol when and how energy is consumédbst obviously
the ability to avoid peak charge periods and optimisger fee windowshowever there are also emerging
markets forDemand Response. This is where netwoperators (retailer®r network providers) make
payments toconsumers fodecreasngload orproviding/choking supplyin response to issues managing
the entire network.An example is askin@ouncil toturn off nonessential loadsn heatwaves to avoid
overloading the network and causing blacks.
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This capacity is contingent oaquipment installed at the switchboarda software interface with
embedded control logiand a participating retaileiThere are several suppliers in thearketand more
SYSNHAY3 gA0GK RSOAOSA NI wh@lrgpart tofrét@lerandhfpiviziai®i Nantioly | NJi
capacity embedded, through tmultiple subcircuit controllers.

As of October 2021t has becomeeasier forretailers to offer demand response payments and Councils
that can aggregatéarger amounts of energy teerifiably and easilgontrol, will be well positioned to
participate in thismew market mechanism.

In time, and as the level @vailable site data improves, it will be possible to implement and accurately
measure energy saving initiatives such as retrofits and behaviour change programs

RecommendatiorRegardless of the directiazhosen in regard to strategies for tariff sites, we
recommend that all installations of solar and/or electrical upgrades now be accompanied with a
smart meter installation, preferably with embedded load control functionality.

4.0 PriorityRenewable Energy Options

As with mostthings in life, it may be that there irsilver bullet solutiorand infact we are looking for
Wilver buckd K withnultiple strategiesFor this reasonit is important to be clear onore objectives
andthe decisionmakingframework in evaluating alternativeptions.

In this section of the repor€onstructive Energy haveghlighted the projects we festand out giverour
understanding oARMbjectives.

4.1 Energy Efficiency Measures

Before investigating alternative sources of energy, maximising energy efficiencydshe a primary
objective. To reinforce this the following measuege recommendedand to some extent already evident
at ARG

- Monitor consumptiort Engineeringind/or Financeare responsible for reviewing energy usage at
all sites and of key equipment/assets.

- Reporting and performanceEnergy use for sites/assets is reported in regular section meetings
and efficiency forms a component of staff Position Descriptanms Perfemance Reviews

- Procurement policy Energy consumption rates are considered in the procurement of any new
equipment or servicing and maintenance of existing items. This includes new buildings and
vehicles.

- Retrofit strategy: Building modifications will bearried out at least in part for the purpose of
reducing energy consumption.

- Education Armidale Regional Counailakes it easy fostaff andconstituents to reduce energy
consumption through promotion of strategies and materials that facilitate enerfigieicy.
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- Planning Armidale Regional Coungiftomotes energy efficiency in design through the planning
phase where applicants are encouraged to adopt Guidelines for factors inclgdnsglation,
glazing, orientation, primary equipment, water use, etc.

- Product broker. Armidale Regional Counaipplies knowledge and purchasing power to support
residents and businesses with products that reduce their energy consumption.

- Street lighting Armidale Regional Councibntinues towork with other councilrogramsto
replace existing lights with efficient alternatives.

RecommendatiorThat ARC integrate the above strategies into ordinary operations.

4.2 Smart netering andoad control

Australia is in transition from eentralised W R dz¥rbr@polstic gridwith fixed central generation and
regional distributionto a dynamig integratedand distributednetwork of coordinatedgeneraton and
load at varying scalesWith the privatisation and corporatisation ofjeneration and transmission assets,
and the opening of retailmarkets in NSW to competitiorthe sector is experiencing unprecedented
growth in the number and type @feneration assets anidnovationin technology andetail mechanisms.
The days asimply looking for the best kWh price fraimited pool of optionsand then forgetting about
it, are over.

In this context, data is increasingly importarstiong with the old adagewhat we inspect we improve,
what we measure we manage®

Retailers are now reluctant to send people into the figldead meters when the automated alternative
digital meter,is less costly and more accurafe2 OF f f SR dcanfriedsiire canSumptiNi® ¢
intervals usuallyof 30 or 5 minutesand thesecan be used to creata usage profileas has been
completed for this reportbut alsoto enablebilling on a costeflective basisBeyond this functionality, a
ySé NI y3aAS 2F WY ardaldSablé técontraNdin@mbyt StievichBy sending signals to relays
on the basis opre-defined logic.Thesemeterscan report to a portal or mobile device for instantaneous
reading of energy consuygtion.

Load monitoringand controllingdevicesmay or may notlsobe equippedwith appragoriate approvalso

act as thenetwork meter In other wordsthere is a choice to either seek a meter that does everything,
or to separate the network meter for billingnd the monitoand control dewe that provides operational
intelligence and controlBoth devices usually exist at ttssvitchboard It is critical that the metering

RecommendatiorARC invest in the redlut of meters with monitoring and control capacity acro
all assets with both significant consumption and, ideally, the potential to move or modify |
without adversely effecting operations. It may even be possible to levertgéar relationships so
that the cost is borne, or at least shared, as part of the energy supply contract. Although al
could be monitored, we suggest that there are about 40 priority sites which would benefit from <
meters.
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platform can be used to provide close to ré¢iahe datathrough an accessible dashboasthich may also
eliminate the need for bil/alidation platforms.

43 Solar

Solar Photo-Voltaic (PV) cells are a proven technology capable of deliveringsive electricity for
immediate consumption and/or export. While panel efficiency has improved in recent years, the major
factor driving an increase in solar installations has been dramatic reduatipasiel costs, combined with
government subsidies. The subsidies for systems less than 100kW (Small Technology Certificates or STCs)
are reducing year on year until being completely phased out by 2030. Subsidies for systems larger than
100kW exist in a ntket mechanismLarge Generation Certificates LGCshhat has been volatile and
oversubscribed to date resulting in uncertain and low valaéso declining to zero by 2030

Currently the greatest economic impact from solar is to consume locallyanid purchasing from the
grid ¢ known as Behind the Meter (BtM). This works particularly well when the demand pattern of solar
useclosely matches the intensity of the sun.

In the context of becoming 100% renewableese circumstances lead to 2 pringippproaches; several
sub-100kW systems distributed over multiple sites and larger-saigle single site systems in the order of
500kW to 5 MW. These two approaches are detailed below.

4.3.1 Medium Scale Solar Arrays

The reasons to consider investing imal-scale generation asset include:

1 Reduced complexity inumber of installations to install and maintain
1 Capacity to reacth00% renewable energy target

1 Acceptable financial performance

1 Leadershimnduseful practicagxperience

And in the context of the BZ
1 Potential forfinancial or material assistance from REZ suppéiatsstakeholders

When identifying a potential location for standalone medium scale renewable energy installations, it is
important to consider proximity to suitable power lines, transfems and electricity substations; close

NF}y3IS 2F | &adzadl GdAz2y 2N | LILMNRctiveldrit dodhectdn BISaRgSIND O y
arrays.

Larger solar installations require more research and modelling than those installations below 5 MW
becaise they can have a disruptive and damaging impact on the network. Facilities under 5SMW require
an intermediary licenced market participant to sell into the National Energy Market but currently avoid
extensive Australian Energy Market Operator (AEMO) rémprequirements. Once the 5SMW threshold

is broken, these additional costs, along with increased implementation costs such as network fault
protection works, typically result in systems of around 8Mk¥noreto stack up financiallyt islikely that

the 5SMW threshold will change in time as the Market Operator recognises the value in increased mid
scalegeneration across the network.

There is another threshold within the Essential Enatigyribution network at 1MW, below which the
potential network impact, and hence approval processisisallysignificantly easier and less costly. Solar
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installations below 1MWmay not be regarded as High Voltage customers whereas arrays over 1MW
require Connection Mestigation Services Agreements that will indeesin the order of $25,000 to
$250,000n0t including detailed engineering and High Voltage design.

In the Armidale Regional CountiGA there is an obvious opportunity for rsidale solaadjacent to the

Swerage Treatment Plan©Our understanding is that land to thleastand south of the facility is Council

owned. In theimage below we have marked a ~6 ha area that would readily accommadat\W solar

array and which has the advantage of advantagetysography and relative seclusion from viefites

near STPave the added advantage of being situated okand that is2 0 KSNB A & 8omWa (0 S NA f
development perspective

Also positive for this locatiais proximityto the regional zone substatiqdirectly south over the highway)
which typically results irasier and less expensive network connection and augmentation costs.

Map 2. Potential migscale solar siteS(ixMaps June2022)
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There will beother suitable sites available within the distribution netwoskithin the LGAwhich may
supportsmaller arrays than those over the 1MW threshalttd which, depending on strategyyould be

required for Armidale Regional Coundidb become 100% renewably poweredand to offset carbon
emissionsldeally Councivould own land or assetfor solar and battery installationsplwvever this is not
critical as, for example, site lease costs can be integrated into the business plan.

Financial considerations

The commercial development appetite for medium to large solar arraysdvésd over timen response

to government policyncertainty and trends ithe daytime market priceDespite the surge iwholesale
marketpricing at the time of writingthere are mw periods where solar supply exceeds market demand

and this is pushing the pool price dowmesulting in the sl t f SR WRdzO1 OdzNE®Q | f NB|
parts of the NEM (National Energy Markg#rticularlyduringSring andautumn months In the past, the

market price average was reliably above the cost of produ@mhmay weltemain there for some time

making solar projects profitabléut there remains arisk of a revenue shortfall. This issue has been
exacerbated by network constras resulting in Market Operator curtailment of export from large solar
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farms.In our view his reinforces the case for more, smaller, solar arrays within the Distribution network
¢ provided that thereis®dza G 2 YSNJ Wi 2 01 SRratdy Q 4 Fy | LILINBLINRAIFGS

Dewlopers usually seek to secure revenue by locking in customers with a fixed price Power Purchase
Agreement, however for Councils the opportunity exists to cresternative models that value self
generation matched to sefonsumptia ¢ effectively being/our owncustomer.There are 2 broad retalil
mechanisms t@chievethis: a floatingwholesalemarket processand a hedged offtake agreement.

With supply matched to demand and a floating market price, the Council is less concerned with what the
energy pricds at any point in time and more concerned about the transactional cost. That is; if the NEM
price is high then increased costs of consumption are offset by increased revenue for the array. Equally,
low prices reduce revenue to the array but save on exiene at Council sites. To avoid excess export at
low value it is important to match the solar array size to demand, noting that the opportunity exists to
increase the pool of customers by signing up local Commercial and Industrial facilities. Of aooese,
GKS I NNI& A& LIAR 2FF3 /2dzyOAf KIFa | 00Saa G2 St S
SYSNH& NBGFAEtSNE 08t2600

Understanding this model is critical to the decision for Council to investiid-acalearray as without it,

CE wald not currently advise Council to proceed witmal-scalesolar projectindeed, it will bedifficult

to secure finance i project is totallyexposed to market or merchant risRee more about this isection

4.4 Council as Energy Generator/Retailer.

Modelling was completed to examine what the options might beABCo progress a migcale array.

Local climate data was used to project solar generation and aggregated to monthly figures. These were
mapped against actual usage for the220financialyear. The following chart represents annual
consumptionin aggregate andhe percentage of usage likely to currently occur in daylight (solar
production) hours.It also includes theapproximateequivalent electrical demand fosubstitution of
transport fuels.

Chart5. Armidale Regional Coundihnual electricity consumption

Armidale Regional Council - FY21 Annual consumption
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The profile is interesting as it visually represemts important factors relevant to solar generatiomjnor
peaks for consumption occuover winter and early summeanonths andconsumption during daylight
hours is around 1/3 of total consumption.
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We now need to understand how this profile interacts with the wholesale or spot price on the National
Energy Market. The charts below indicate that, on average, summer is a good tineesglling solar
energy into thespotmarketat the end of the dags the price is relatively higtompared to other seasons

¢ particularly in the peak heat of migfternoon.However,in winter2020the evening spike, while shorter

in duration, was highein valuethan summerIn shoulder seasons daytime export is of lesser value than
the morning and evening peak pered

Chart6. Seasonal average AEMO (Australian Energy Market OpeklEM)Spot dricity price charts

2020 AEMO average SPOT price - Spring 2020 AEMO average SPOT price - Summer
0.12 0.5
0.1 0.4
< 0.08 -
0.3
E 0.06 E
0.2
F oos &
0.02 01
- 8—0—0-
0 0
0 a4 3 12 16 20 0 a4 8 12 16 20
24 hour time period 24 hour time period
2020 AEMO average SPOT price - Autumn 2020 AEMO average SPOT price - Winter
0.1 0.16
0.14
008 0.12
< 0.8 £ 01
% % 0.08
& 004 F 0.06
0.02 0.04
: 0.02
0 0
0 4 8 12 16 20 0 4 8 12 16 20
24 hour time period 24 hour time period

Constructive Energy Pty Ltd 2022 Page24 of 75



Care should be taken in drawing too many market inferences as these curves change from month to
month and year to year and future changes in #mergy sectoare uncertain, particularly over the multi
decade lifespan of a renewable energy generator. For example, what impact will closure of coal fired
power plants have? If a carbon price returns, what will this do? As batteries and EVs enter the mainstream,
will the evening peaks diminish?

What we can say though is thatople are still likely to use more energy at the beginning and end of each
day, winter and summer will require more energy for heating and cooling th#&omn and springnd
retailers will stil need to apply a risk margin to offer stable pricing.

As coaffired plants close down, new generation and storage enters the mag there is increased
electrification of everythingit is very difficult to predicthe market.We anticipate that the ontinuing
influx of solar into the markewill further depress daytime spot pricastimesuntil the point thatstorage
becomesan obvious choigecreating demand for thisheaper energy and thereby pushing the ptieek
up. Similarly, as more and smarter generation and demand control enters the maiiketasy to imagine
the price curves flattening out.

We nowinvestigate factors that would influence the sizeao$tandalone solar arrayhat would enalde

councilto be a 100%NETrenewable energygonsumer For the sake dflustration, the scenario assunwe
that ARds happy to pay itseBc/kWh for solar energy which represents a saving of approximéatetff

small siteretail and 4c for large sitesand that export is also purchased by a third party8or We have
also modelled the array install cost at $1.45 per watt which is inclusive of all project costs.

Our analysis indicates the improved financial case for Councit@etiuming the energy vs finding a
consumer willing to entemto a Power Purchase Agreement (PPA) fofrBore likely around B¢ at
present)or relying solely on thenergyspot market. Mt surprisingly, the key variables for financial return
arethe install cost and sale/purchase priper kWh

Table6. Summary table of generation and reven#e21 Consumption figures)

Council consumption [$ 0.08] $ 0.04] $ 0.08
Month  [Large [Tariff [Gas [Transport  [Combined Day hrs (per mt{Export __[Intlrev. |retail saving|Exp. rev.
Jan 223,669.98 74,351.68 = 200,000.00 298,021.66 92,387 452,051 $ 7,391 $ 3,695 $ 36,164
Feb 226,632.65 66,929.00 = 200,000.00 293,561.65 91,004 357,681 $ 7,280 $ 3,640 $ 28,614
Mar 232,421.02 75,351.78 - 200,000.00 307,772.80 95,410 273832 $ 7,633 $ 3,816 $ 21,907
Apr 229,183.26 74,922.35 = 200,000.00 304,105.62 94,273 173585 $ 7542 $ 3,771 $ 13,887
May 260,367.19 69,697.56 - 200,000.00 330,064.76 102,320 91,353 $ 8,186 $ 4,093 $ 7,308
Jun 248,830.22 59,058.31 - 200,000.00 307,888.53 95,445 56,427 $ 7,636 $ 3,818 $ 4,514
Jul 243,342.62 85,157.36 - 200,000.00 328,499.98 101,835 71,409 $ 8,147 $ 4,073 $ 5,713
Aug 225,844.20 78,677.63 - 200,000.00 304,521.83 94,402 138,611 $ 7,552 $ 3,776 $ 11,089
Sep 218,950.55 76,732.30 = 200,000.00 295,682.85 91,662 223,174 $ 7,333 $ 3,666 $ 17,854
Oct 245,687.69 83,111.96 - 200,000.00 328,799.64 101,928 308,688 $ 8,154 $ 4,077 $ 24,695
Nov 240,328.61 78,836.58 - 200,000.00 319,165.19 98,941 352,711 $ 7,915 $ 3,958 $ 28,217
Dec 243,987.78 77,168.28 - 200,000.00 321,156.05 99,558 421686 $ 7,965 $ 3982 $ 33,735
Totals | 2,839,246 899,995 = 2,400,000 3,739,241' 1,159,165 2,921,207 $ 92,733 $ 46,367 $ 233,697

Scenaria; 100%Renewable Energy generatiooffset matchedto AR@ stationery energyconsumption

In this scenarioye have matchedmarray to meetnergy consumption on the basis of creating a revenue
stream to offset unavoidable usagenonsolarproducing hoursand to reach 100% renewable status in
terms of carborabatement. The size of an array to achieve this is approximasdp kWp.
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Chart 7. Solar generation matched to consumption

100% grid consumption offset - 2500 kWp Chart 7 indicates that the bulk of all
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Chart 8. Intersection of monthly revenue/value curves
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Chart 9. Cumulative value
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Theaboveanalysis has beamdertaken to illustrate concepts, highlight risks and demonstrate the impact

of alternative approaches to becoming active in the renewable energy generation space. We have been
careful to be realistic and conservative in our analysis however detaileeliimay] costing and analysis

will be required before investing in a proje€or instance, if Council plans to electrify fleet and plant, or
expand operations in the future, this demand should be estimated and the array size increased
correspondingly.

Thatsaid, our analysis reveals that it is possible for an investment in a single site arrayooind $3.75
million to create annual value afbout $373000, with Council paying off their own solar farm in around
10 years instead of paying a retaileAfter this point council can decide what to do witht GWh of free
energyeach year

Clearly there is alsealue in being able to vary consumption to be within solar producing hourdeast
cost market hours

Further consideration is required into final sizing of a-sgdle array for Council. Because of a certain
level of fixed project costs, it usually makes better financial sense to maximise the SMW connection
threshold to the network. This would resultthe array creatingn additional 4GWh of energy per year
Council may choose to establish a PPA or find local customers to value this energy, creafiggua
stream.

Given that theminimum effective life of a solar array is the warranty perio@,, 25 yearsand infact
usually more like 40 year€ouncilhave the capacity to structure finan@wer a longer term taleliver
increased cash flow now, or-ahat-a term as possible to pay off quickly and create an effectively free
energy supply Asidefrom whatever advances in technology are available at that timéhe future
including electric vehicles, there are a wide range of social impacts that could be supported with this low
cost energy.

Constructive Energy has completed detailed modellingotber Councié who have elected to proceed

with this approach based on favourable economic and social returns. The project will reduce current
outgoings for energy in the medium term, pay offaray in justunder10years, engage local business
with lower cost local renewable energy and deliver a financial divider@®illion over 25 years.

If Armidale Regional Coundlects to further investigate this concept CE can facilitate the necessary
system design and Network Enquiries and work with Cotmdiévelop the detailed business plan.

A final point of note is to consider that there may be digsed local governments that would welcome

0KS 2LILRNIdzyAde G2 LI NIYSNI gAGK || wO2dzy iNE O2dza Ay
their usage. This could be another way of locking in price certainty and revenue-rigkdthe business

plan.

4.3.2 Distributed Solar Installation Virtual Net MeteringVirtual Power Plant

ARC hagreviously investigate@ehind the Meter (BtM¥olar formultiple facilities andinstalleda total
of 393kW on 7 out of 11 identified potentiakitesas shown in the table belowrhese installations have
3dz00SaaTdA f & gfidzanSiNmBidhand opedayodal doshsa
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Table7. Existing orsite solar installations

Site Town Size (kWp) Comments
Civic Administrative Building Armidale 0 Not suitable roof structure
Visitor Information Centre Armidale 4.58 Roof
Airport Armidale 99.6 Roof
Armidale STW Armidale 99 Ground Mount
Armidale Mann Street Depot Armidale 29.9 Export limit 30kWp
Malpas Dam Armidale 0 Export limits
Streetlights Armidale 0 Replacement of 724 lights with energy efficient LEDs
Solar lighting - installation of 49 new solar lights (fundi
Armidale Cycleway Armidale 0 through the Safer Communities Fund)
Kolora Aged Care Facility Guyra 99.9 Roof
Guyra Works Depot, Ryanda StreeGuyra 30 Not sure on exact installed amount
Guyra swimming pool Guyra 30 Swimming pool.
Total 393.0

Constructive Energy hawevestigated the potential for additional esite solar acros€ouncil operations
in terms of both economic impact arkle capacity to reach 100% renewahle

BtM solar arraysbviouslygenerae electricityduring daylight hoursvhich, when there isa load on the
facility electrical circuits, stops the need to import energy from the ghds avoiding power costs
charged on a per kWh baslfthe solar is generating more energy tharcigrently required, this ¥cess
energy generation is sold into the network at a negotiated faethriff or shared with other consumers.

An ideal site for this type of installation (where a faster return on capital investment can be achieved)
should preent the followingcharacteristics:

- High, regular electricity consumption, with most of the usage occurring during the daylight hours.
- Large suitable roof structure, preferably north facing and not shaded, or suitable nearby space for
ground/frame mountedsolar.

Important Considerations

- Identify project drivers as cost, energharing and carbon offsetting will all lead to different
answers

- Size and design individual systems correctly to meet the identified objectives

- The Smaltcale Renewable Energy Seteecurrently offers significant discounts on solar systems
smaller than 100kW. The scheme reduces in value on 31st December each year until it ends in
2030.

- Systems larger than 30kW require additional costs associated with network connection studies
and pamission from the network provider to connect to the grid.

There are currently new technologies and margkdce arrangements being developed that allow peer
to-peer solar energy trading between properties, known as Virtual Net Metering (VNM) amadbitte to
collectively manage multiple installations, known as a Virtual Power Plant. At a small scale, a household
can trade their excess solar generation to a property of their choosing at a negotiated price. This system
usually requires both parties the transaction to be with the same retailer and arrangements can be put

in place for oneoff transactions or longeterm periods.
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Using this concept, it is possible farmidale Regional Countil develop a Rooftop Solar Virtual Power
Plant large enougto power a major portion of Council sites and other businesses and residences in the
LGAThis collective approach is consistent with the objectives of Project ZaraBthay see, for example,
Council subsidise or facilitate the installation of solar and battery systems at seldctet
party/communitysites This approach would also requitesharedretailer.

Important Considerations

- All properties/customers operating within the network woulded tohave a supply contract with
the same retailer. The retailer would also need to be involved in setting up and operating the
system.

- A specific meter/device is required to monitor and acquit energy usage.

- The project may require a significant effoot recruit customers (which could include customers
outside of the LGA if desired).

To illustrate this opportunity CE considered the impact of existing/augmented solar systems and new BtM
installations as part of a holistic prograifhe system sizes incl@dactual existing installations and an
estimate of what might beractical and/or permissible osome additional sitesThe sites would be
WASNBEAT SRQ Ay (GSN¥a 27F 2 LI Aonlthe baSisithatolriihis deekingdai dzNI/
optimiserenewable generation for setfonsumption.

Table8. Example distributed solar BtM installations

Airport* 323302 100 154,905 80,551 65
Sewerage Treatment Plant* 312362100~ _________ 144,553 75,168 61
Water Treatment Plant 2052227 ,,,,,,,},9,0; 138,048 71,785 58
New Library 170825  60i 48,146 39
Aquatic Centre 145051 300 414,141 75427 61
Guyra Swimming Pool* 148712 30;0 41,413 21,535 17|
Depot Mann St* 87012 30] 46,823 24,348 20
Depot Ryanda Street* 56308 ¢ 0] 46,823 24,348} 20|
olora Hosel* | mwr w0 weaw a6
Malpas Dam 12449 30! 46,471 6,474 5

Town Hall

U e S S e A
Wicklow Playing Fields 3777 30 46,294/ 1,964 2
1,518,297.84 940| 1,351,092 452,742.72) 367

*Pre-existing solar installation

CE integrated the capacity for a virtual network and imagined Hratidale Regional Counciharged
themselvesBc/kWh for energy consumed ather sites.Subtracting a transactional cost of 1c/kWHis
leads to an effective 7c¢ feed in tariffhe avoided purchase is valued at 24c/kWabl& 9 below is a
summary of the collective financial impact if these projects were to proceed.
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Table9. Example distribied solar BtM collective financial impact

3,739,240.56 452,742.72) 898,349.28] $ 1,998,000.000 $  180,526.20] 367 11.07 9.0

* Inst cost includes CapEx already sunk into existing installs

While these figures are general, it is evident that there is an economic case fdoposdlar when viewed
holistically under a virtual networlkdlowever, this approach does not account for the complexity of the
multiple solar installatioaat separate locations. Detailed project and financial planning will be required
to firm up actual figures for investment readiness.

Each site location would reidre detailed network applications, structural and electrical assessments, and
may be subject to export limitations or unforeseen wiring upgrades, which would financially impact the
project. Furthermore, connection limitations make it very difficult tolimathe full Council seffufficiency
figure of 3739,24&Wp.

It may be desirable for Council to facilitate the involvement of other organisations and individuals in a
Counciwide virtual networkand in fact this is the only way it would be possiblgdoeratethe additional
2,388240kWhrequiredto fully offset Council energy us&he Virtual Power Plant approach is further
discussed in Sectidn3 Virtual Power Plants below.

Prior to progressing the case for BtM solar installations, it is impofamEouncil to acknowledge that

the broadscale implementation of BtM rotdp solar systems potentially cannibalises the case for a mid
sized solar array. Installing multiple BtM solar installations reduces the amount of solar energy that
Council can setb itself in order to secure revenue for the larger project (which may be likely to provide
a more significant papff in the longer term).

That said, BtM solar is readily achievable and delivers an immediate financial return and it may be that a
hybrid ofthe two approaches is acceptable.

There are essentially three options for progressing BtM installat{fungher outlined in section6.0
below). -
1. Armidale Regional Coun@hpital investment ARC selffunds projectdrom cash reservesr
internal loansand directssavings to reduogoperating costs
2. Project financeg ARC securdhird-party funding and directs saviamto repayingthe debt
3. WwSy i cihhirdpatnp ifstalls and operatesr areduceduntil nominated hanebver

Constructive Energy camovide oversight or facilitation of each of these options if desired.

RecommendatioriThere is a strategic choice to be made between implementing distributed BtM :
and a midscale solar project. If the key project driver is return on investméran distributed solar is
likely to win out, however it is more challenging to deliver 100% renewable status itselBog@BRC
may also require a retail agreement to purchase renewable energy from an existing generatol
the balance of demand.
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Distributed Storage

Sorage in association with BtM seleancreate value throughackup capacity, improved power quality,
optimised consumption and export in relation to tariff chargeahanced demand control capacity and
improved monitoringreporting.

Batteries

Battery technology has now reached the point where there is an economic argument to include them in
the hybrid power generation mixMany commentators contend thalhe payback for batteries is too long
however when viewed holisticalljhere are many cases where tlygeld of acombinedsolar + storage
installationis above 10%. Given thegh potentialinternal Rate of ReturnlRR for distributed solar it
would be remiss not to consider throgportunity to incorporate energy storage where advantageous.

Tablel0. Example distributed solar batterycollective financial impact

@

Airport*

» o

Wicklow Playing Fields
Totals

* |

835,717 190,619| 11.3 8.89 417

Our analysis of solar onBtM installationgeveds a collective yielsn investmentaround9% Thetable
above indicateghat the functionality ofmultiple batteries can be added to thproject within similar
financial parameters a8 K S W2 @ S Ny dxadnRl©abadvéDf riotblds that while many individual
Ayaial tfl GA 20y 3E0 1 QaketeladBn 0/aar vaganty period for chemical batteries, several
do not. ThisA & LINR O 0 f & (0 & RINJRHIIY Maiekyite is well beyond 10 years (though
diminished in performance) and there asdso different batteries which will last 20+ years, such as
Vanadium redox flow batteries, hydrogen or flywheel inertia systems.

It is important to know that batteries are not all made equal and different technologies suit different load
characteristicsBattery modelling is very complex and relies on assumptiecisdingpricing structure,
demand responsecapability technical constraints such as depth of discharge aedormance at
different temperatures, system integratiorwith existing equipmenandcontrol interface.
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The core objectives of Council are also critiEat. example, if leadership is importaittwould be useful

to trial a range ofenergy storagdechnologieson a siteby-site basis througlproviding detailed site
consumption data andunning open markeRequest For Quot&kF)s.Knowledge gained can be shared

with the community and local suppliers can be upskilled. If carbon emissions arenitioat,then simply

OK22aS Iy OOSLXiltotS FTAYIlI yIAIKET QLIS NF YNOKYy @8 & KNB § R
as will fit within the parameters.

This analysis is not provided to give an answer to ARC around where to install certain batteity daysac
rather to point out the need for a carefully considered approathe price of storage is also in rapid
decline and the market itself &ill immature increasing the risks @ncountering technology that does
not deliver as promised and providewhoare not around for thdong run

Nonethe-less, i managed collectively, a numbekdistributed batteries can not only assist with individual
sites, but also enablparticipation in market ansetwork W S @ Sof Whicnetwork operators will pay

in order to reduce difficulties in managing the gridhis is the basis behind the Simply Energy Tesla VPP
project in South Australiand otherexampleswhere management of the battery is given over to the
retailer. AGL have a similar offer in the markéthe time of writing where lowcost battery and solar are
provided to a household in return for a longerm contract and permission to control the battery.

Another emerging approach is that of community batteries at a block or suburb Hvese unitsare
largerthm K2 dza SK2ft R oF GG SNASaA odzi |t 2 glocallg tb Hraw dswehdza S K 2 f
against laterin the day.Council may choose to take a leadership or supportive role in the commnitinity

there is sufficient interest in establislgra community battery project.

Hydrogen

Advances in oite production and safe storage of hydrogen see this tetdgyas a reliable and cest

effective way to store energy. Added benefits include the ability to distribute the hydrogen, use it to refill
Hydrogen Fuel Cell Electric Vehicles (HFCEV) and consume it in Hydrogen Fuel Cells to power Council
facilities. Hydogen production also creates oxygen through the electrolysis process and this has benefits

Ay 6l GSNJ GNBIFHGYSyd IyR S@Sy Ay K2alLhdltad | @RNR3
becomes increasingly commercialised and demonstrates bengfditscularly in rural/regional contexts.

RecommendatiorARC should consider the case for battery storage in associatioramyBtM solar
installation and especially for sites with energy quality or security requirements. Retailer pro
batteries and community battery schemes should also be explored.
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4.4 Council as Energy Generator / Retailer

Armidale Regional Countiés the landaccessload and grid capacity to install and operate a medium

scale solar power plant in the order 85 MW. The inevitablejuestion regarding this option is how to

consume the generated energy in local assets and how to maximise financial benefit from selling the
excess. As a Council owned and controlled asset, a solar PV facility has the potential to deothrate

energy forselfconsumption and a revenue stream to -gft unavoidable consumption costs such as

street lighting.

/| fSENI ez AT Al 6SNB y20 LPRaairotsS G2 O2yadzYS NBySs
would be to supply the excess energy to oth@ufkil sites and other larger consumers such as local
industry. As described in 3l1 above, Power Purchase Agreements (PPAs) are the most common
YSOKIyAaY F2NJ GKA&a (2 200dzNJ 12 RIFIGS® 1 26SOBSNE AT
GANBEE SAGKSNI 0@ Ldpaératoyadee drkhBougyt Snininghdhetwdrk. ¥ iS ditlear at

GKAE LRAYyG AT RAAONBGS NHNIf SySNHeé ySGég2N)la oAt
constructed and owned by Council, such as for a gesenfield development or an industrial estate,

already has precedent.

Power Purchase Agreements have been established and tested in the Australian context and are a feasible
option for ARQo consume energy from their own solar generation, or any otheayes for that matter,
K26SOSNJ KS28 R2 NBIAdANB AydSaANI A2y SAGK | WFNRS)
versus actual generated/consumed electricity. For simplicity, it may be possible to find a local large
consumer that agrees to pahnase all energy generated from Armidale Regional Counaitray.

A third option as indicated above would be for Council to effectively operate as a genestiber,
choosing to purchase energy from its own solar array at an agreed price, but also to purchase energy from
the National Energy MarkglNEM)and then choos the level of price markp onselling to themselves
64SS /KIFENI wp 0St2600d 2KAES GKSNB INB oSyS¥ada A
wholesale, the risk of this approach is that the pool price may, or will at times, be higher thaaehant
standard tariff. Our modelling has shown for previous years that wholesale consumers tend to be better
off overall, but this is not guaranteed. To mitigate against this risk, the ability to control loads
automatically would limit exposure to anyipe spikes. In other words, if the price is high outside of solar
production periods, then we switch things offl The other key mitigating factor would be integration of
battery storage which could be used as an economic toaklbitragemarketpricesor to load shift (see
below).

It would be possible for Council to apply for its own licenede formally recognised as a retailer
however this carriegost in establishment and egoing compliance overheads thate, in our view,
prohibitive. While theLocal Government Act carries the capacity @muncilso supply energy (as per
County Councilsf last centuryjn the current competitive and innovative environment it may be smarter
to partner with an existing retailer willing to provide theechanism.

Thereare severaretail organisationscurrently delivering costeflective pricingand facilitating sale of

energy into the NEMLinked to a solar arrayf courseCouncil would be exposed to purchasing energy

from the market for the times outside of solar production hours. (Wind powereratgy storagevould

change this.)Thedegree to which Council is exposed to the volatility of priemthese periods versus
having KS NB G Af LI NI y S NXhé iikidepend¥ on Ehé adility ddegdtate & @eal WK SRI S

To further illustrate the concept, we have prepared the charts below comparing the amd&(@Gctually
paid to power theAdmin Buildinga high yettonsistent usage tariff site, versus what would have been
paid at the market spot price.
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Chart 10 displays eacHh-hour interval averaged over a month (Jan) and extrapolated ov&ddour

period. We have then overlayed the correspondatectricity SPOTwholesale)pricesfrom the NEM for
the sameperiod. AEMO refers to the Australian Energy Market Operatiich is the entity that operates

the Network and publishe¥ I NJ S RFGF Ay Of dzZRAYy3I GKS Ayaidlyidl yS2d:

Chart10. Comparison of @incilAdmin Buildingcost by hour versus equivalent spot market costdan

Price comparison AEMO SPOT vs RetAiN
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Based on this analysiscan be seen that ARGpaid wholesale price for energlgring January, this would

have been more expensive that paying the pugreed retail tariffin other wordsthe retailer took a hit
in supplyindARC

Chartll. Comparison of Council Admin Building cost by hour versus equivalent spot markétiedst

Price comparison AEMO SPOT vs ReibiN

AVG Admin Building Usage Cost AVG AEMO SPOT PRICE
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(Chart 11 aboveindicates a period wheARGwvould have made a saving purchasing energy at wholesale
prices, even consideringeaks at thébeginning and end of the dayhis chart also indicates the obvious
opportunity in load control and energy storagemaximisng energy consumed from 09:00 to DD,

avoidng consumption inmorning and evening peak periodsd aimingto sell stored energy into the
marketat its highest price.
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The primary purpose of bringing this to the attentionAomidale Regional Coundlto be aware of both

the opportunityl YR 02y aS1jdzSy 0SS 27F WaietbikeilspageWhild tyefear@ coftK S ISy
in establishing Councils as generatetailers the savings and potential reverssge significantHowever,

even withautomation there will be a requirement fonumanoversightand this would need to be in the

form of internal staff responsibility or outsourcedervices.EssentiayARCYy SSRa &a2YS2y S WAy
O 2 NJ S NI thét zhe deneeatdziserforming as expectélde retailstructure is delivering valuend

that the loadcontrolling logic is optimising setbnsumption and minimisingxternal energyurchase

Part of the role of Constructive Energy is to guide and support Council decision making, in regard to
establishing projects, negotiating deals anthnaging renewable energy assets to optimise benefit.
ShouldARCQwish to follow the generatorretailer pathway, after securing the opportunity weploy or

own energy generation assetthe next step would bea identify suppliers willing to engagm this
manner.We have previously received positive responses fiorasi/Energy Locals, Simply Energy, Energy
Australia, Origin Energf¥fangaand Flow Power.

It is important to note thatas identified in 8.1 abovesizing a solar array to 100% meet @aldemand

inevitably leads td y S E LJ2 NIi WLINE ARCS Yind @ markistoutsiddNiSdjf dzat Maids this

export. Such a market could be a small numbehimh-demand industrial userg;ommercial and retalil

businesses with daytime usagand/or local residencesTPh & Wa2f I NJ LI2gSNJ adl A2y Q
below.

Figurel. What to do with solar excess

Midscale - Energy Buy\Sell Model
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Inreality itisRA F¥A Odztf GG G2 S&dLl 6t A& Rguré &S eaSibo thatiextdntimre/idi dzy 2 F
a risk in raising thexpectatiors of the last few customersho may never consume much energy from
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the array.In other words, aftetV . Q A & T we chnduarahtde 8upgly fobthe fimistomer but not
the last!

The likely management of this issue which is to hawveedain percentagesold commercially with the
remainder exposed to the wholesale market price.

'y ARSIt FTANBSYSyd g2ddZd R AYyO2NLRNIGS 020K SftSYSy
savings with electricity production and consumption, ultimately benefitirgg ARCcommunity, and to

underpin affordable local energy the local communityThe retailer would provide customer support

and billing facilities and in return the Council could assist the retailer with their brand promotion and
customer acquisition inheir LocalGovernmentArea.

Recommendationf ARGlecide to progress the miglcale 100% offset option, this should be done in conc
with identifying and negotiating with a retail partnehRGwill need to come to a position omow to value the
export ranging from simple PPAs to shanwith local custoners Eg., Main street shops to assist in providir
affordable, local energy.

45 Energy Storage

Small scale distributed energy storage has been addressed in section 4.3.2 Hizogection refers to
larger scale possibilitie addition to exploring the various largeale solar installation options available,

it is important to consider integration of energy storage options to bring additional value and benefit to a
project. Batteries are an increasingly critical part of mping the economic and environmental benefits

of renewable energy generation and are now affordable to the extent thatlj@ek periods are usually
less than 10 years and can be less than 5 with the right pridamarketsettings.

The battery market isurrently in price decline as various providers and technologies vie for market share.
In addition, the impact of batteries on the grid is in the early stages of implementation in practice so case
studies will have important flowan impact. Energy storagetegration presents the following key benefits

to a project

- Load smoothing: battery storage can buffer solar generation peaks and intermittent or variable
demand profiles.

- Load sharing: particularly whendicrogrids are implemented, battery storage caroyide a
power sharing and grid stabilising faculty.

- Load shifting: supporting the economic case for avoiding purchase of-bagt electricity.

- Load export: smarineter technology can identify when a system should export onto the grid
(when demand and pee is high) and when to divert to storage. Under a generator/retailer model,
AYGSaANFXr A2y 2F oFGGSNE (SOKy2f23& [RRa |y | RRA

The enduring problem with intermittent renewablkenergy generation is reliability of supply, a factor
which has been improved dramatically at the time of writing by the improving economics around battery

RecommendatiorARGshould model energy storage as part of the business plamoth medium scale and/or
distributed solar project options. This modelling should compare a singlescai@, grid connected storag
device (ideally with the solar array) and multiplistributed devices.
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storage. The emergence of technologies that can offer utility scale storage at a price pointl@itrear

payo I O1 A& aAIYAFAOLYyGd LG A& y26 G§SOKYAOIARQ&E TSI aj
sites off the grid is not desirable for a range of reasons and at present would increase the cost of supply.
However respected industry energy analysts suggest that price parity for this scenario could occur in the

next 5 years and it will be worthwhifer Armidale Regional Counéil consider this scenario with their

high useand/or remote sites in the next 80 years.There are other reasons to integrate batteries,

including energy securityesilience and with increasing climate volatility this mayetome a more

important driver.

4.6 Retail arrangements

Armidale Regional Counbiis a variety of sites that have large and consistent consumption and this has
providedleveragefor negotiations in the paswhich, through well run tendering processe®sulted in
sharper competition between each of the energy retailers and hence better pricing.

Asdiscussed above, adrmidale Regional Coundihplements the recommendations of this RERK

possible tdbecome a net generator of electricity which is then sold back to cAlRBites, the community

and local industnor other councils andnarket customers This changes the relationship with retailers

K2 NB | f NBFRe& 06SAy3 RuitianNtatdib® Boladhas ciedteHowdVeiNde a dzY S NI
appreciate thatARGnay not wishto developrenewable energprojects themselveand if sonegotiating

suitable retail contracts remains important.

Proposed changes to network operating rules will see smalperators such as Councils able to
participate in high value demand responses, such as being paid to reduce demand or produce electricity
at times where the network is stressed. Any supply agreements should account for this into the future.

Because thesector is rapidly changing it is difficult to provide definitive guidance in respect to retailer
contracts. That said, there is alspportunity emerging in this period dfignificant innovatiorso it is
important for Council to be clear on wants and neadschances arat least one of the retailers will be
eager to attract and retain coundilisiness.

In section 4.3.Above relating to migscale solar arrays, CE sought to provide background into the function
of energyretailers which is toreduce thevariability andvolatility of a spot market into a simple pricing
structure. In that sense they manage the rislpag€eblowoutsfor a customeand pay for this by making

a marginin normal market conditionsRetails use a range of market mechanisms tddweeriskincluding
forward purchaseand longterm purchase contracts as well as owning their own genenassets.

Retailers also need to acquire customarsl the space for this is increasingly competitive with ~160 retail
licenses in NSW at present frarbase of 4 retailers at the turn of the centuRetailers set a budgetf
customer acquisitiorin the range of $80 t&150 per persorand accept that thee will be an amount of

0 dzNy 2 @ S NO@BuNdils\eahMattiziddCompetitive pricing because they usually bring a larger number
of contracts(sites), signup for longer periods, and use a known bulk of energy.

If, as a result of this Pla@pouncibecomesanactiveparticipant theenergyspacejt is useful to understand
the value that they bring and how this can impaegotiations with a retailer. Where council can reduce
market risk and increase customer recruitment and retention, this will valee.

Going forward Council should be increasingly wary of simple bulk purchasing contracts for electricity as
these approaches can limit the capacity for Council to save eedffisage (usually a 20% reduction cap
before fees apply) and to gain from paigiating in the new distributed energy economy. We recommend
that Council be careful in engaging with any retailer over a long term and ensure the ability to reduce
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consumption along with fair exit conditions. Ideally any new retail agreement needs toee@abhcil to

sell excess energy production to the retailer at a market or negotiated price, whilst purchasing electricity
consumption at a fixed low price during peak times. The contract should also enablegssar trading

and the operation of a VirtddPower Plantpotentially including distributed storagmptions.

There is an obvious opportunity for ARC through Nesv England &ewable Energy ZondRC may be
able to negotiate supply contracts from 1 or more of the existinfuture generators. A retailer will be
required to facilitate theransactionand the mechanism may range from a simple retail contract or PPA
through toblock-chain enabled reaime supplyreconciliation contracts

RecommendatioriThat ARC does not committo any ldhgs NY NB G Af 02y (i NJ Ol a
generation strategy is clear.

Council should gain understanding of the sellietgiling strategy of the emerging generators in the REZ anc
mindful that retailing energy to Council and/or local customers can be facilitated and negotiated
participating retailer.
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4.7 Transpori& plant
4.7.1 Electric Vehicles

Australia lags many other developed nations where electrification of transport is progressing rapidly. With

Tesla most prominently spearheadin 4 KS WYl Ay adNBI YAYy3IQ 2F Fdzf f &

St S

trains, all major brands are now developing Electric Vehicles (EVs). Many countries internationally have
incentives and targets for EV uptake and China leads the world with develo@meérsales, particularly

in the heavy vehicle sector.

As part of the Net Zero Plan, the NSW Government has introdaded\\V Electric Vehicl&trategy
G Ay ( S yinerEaRe EW Rales to 52% by 2330and help NSW achieve megro emissions by 2080¢

Keystrategies include:

= =4 =4 - -4 A

$3000 ebates forthe first 25,0000 * guichasedunder $68,750
Removal of stamp dutfipr new EVs&nd plug in hybrids
Fleetincentives for local councils and businesses
Expanded EV charging network

Fast (T2 and Ts) transit lane access

Regional EYastOK I NASNJ y S g2 NJ
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The relevance of EVs to this plan is particularly apparent when considering export of surplus generation
and the fact that in around a decade, Council will be producing energy for essentially no cost. Even at
existingc/kWh prices, the operational savings are clear as illustrated in the table below comparing a basic

hatch-back.

Table 11. ICE vehicles Vs BEVs

Internal Combustion Engine (ICE) Battery Electric Vehicle (BEV)
Fuel efficiency 7 L/100km |Power efficiency 16  kWh/100km
Fuel cost $1.80per L Electricity cost $0.30 kWh
Annual km 15,000 Annual km 15,000
Annual running cost  $1,890 Annual running cost $720

Savings with EV $1,170 per annun

Accurate granular data on fleet usage was difficultotiiain, howeverthe following generic table is
illustrative of the potential positive benefit in electrification fiEet andplant.

Table 12Electrification of fleet

Description Total km per yegL/100km L peryear kWh/100 kWh p.a.
Road vehicles 46 10 69,000 16 110,400
Heavy plant 19 15 42,750 20 57,000
Minor plant 85 5,000 22,833
116,750 190,233
Unit cost $ 1.80 $ 0.30
Total cost  $ 210,150 $ 57,070
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However, because the fuel costs are marginal in the context of greater CAPEX, even considering reduced
servicing costs, at present the financial case for lB¥gnot be compelling. That saidARCmay value

other factors, such as research, leadership, etd these may outweigh the reduced financial castth

the continued fall in EV costsicrease in petrol/diesel costand government incentiveshe case for EVs

is set to improve.

Aside from fleet cars, there is perhaps a more compelling case to lakditification of heavy vehicles.

The City of Casey in Victoria has commenced garbage collection services witlelaaotréd! truck and

many factories already use electric forklifts. Again, the case for these will be made more compelling in
yearstocol8 AT [/ 2dzy OAf KlFa GKS loAfAGe G2 aSi AdGa 20y

The most obvious conflict with solar energy and electric powered vehicles is in the timeqdhaséeing
the overlap of solar generation and daylight working hours. Thiseallyronly be managed through the
use of batteries and/or by analysing which vehicles/plant can be charged during th€laag. are fleet
monitoring companiesflevices that can be deployed to moniteehicle movement and behavioand
this datacan then beaused to accurately build the case for transition to EVs.

An additional issue with EVs arises in relation to charging capacity; not just where to place them but the
engineering behind delivering large amounts of energy quickfO8cf £ SR Wa dzhiBe\NlEddel NH S N&
amperage, not always available through the existing grid, and therefore can incur significant costs to
establish. This leads tonger charge times antthe necessity of charging overnight.

A final impact of EVs, though not farfew years, is the capacity fordirectional charging. This is where
vehiclesbecome mobile batteriesapale of powering buildings avoid peak consumption for example.
In time, ouncil may need to develop a policy for statfio charge their vehicle at work and power their
house with it overnight!

RecommendatiorThatARGparticipate in theNSW EV Strate@ndinvest in a small number of electric vehicle
to test how they can be best integrated into operational activit®RC would also benefit from imgwed tracking
of vehicle usage.

4.7.2 Hydrogen powered drive trains
It is important to understand the 4 distinct elements involved in production and utilisation of hydrogen as
a fuel.

1. Energy Source. This needs to provide regulated, good quality electricity and be matched to full
chain production capacity.
2. Hydrogent NR RdzOli A2y ® /[t daAFASR a WwWIaNBSyQ ' LINER
produced with fossil fuels. Basically, using energy to either split water or hydrocarbons.
3. Gas storage. From short term (buffering in production) to long term and both stagiof@er
energy storage) or transportable (like LPG).
4. Energy Conversion. Oxidation of the hydrogen to release water and energy in the form of
electricity and heat. Most commonly in fuel cells or turbines.

Based on CE research it is possible to purchaserexstalscale electrolysers and produce hydrogen at
around $5- $6 per kg. This could be done at the site of a solar array to produce a transportable form of
renewable energy.
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The following table indicates the relative value of the hydrogen fuel inicadjon.

Table 13. vehicle and pump performance and cost comparison

Toyota Mirai

5.6 kg tank capacity
0.76 kg perl00km
737 km pertank

$5 per kg x5.6kg $ B.00
3.8c perkm

7 L/100km petrol car
$1.80 perlL
12.6¢c per km

Truck FB Scania/Volvo EV

200 km range
80 kWh battery
2.5 km per kWh

412.5 Km for 5kg $25.00
6.1c perkm
50 L/100km diesel truck
90c per km
Water pump
100 kW capacity
3.03 kg H per hr $ 15.15
25 L diesel per hr $ 35.00

It is important to remember that hydrogen vehicles are actually electric vehicles with a hydrogen fuel cell
replacing chemical batteries. The advantage of this approach is in energy density and recharge times. A
hydrogen powered vehicle can be recharged fiew minutes, just like a standard gas vehicle, and as can

be seen in the table above, just 1 kg can move a vehidékm.

There is much conjecture about whether EVs or HVs will win the Australian market for renewably powered
vehicles however it is theiew of CE that each system has strengths and weaknesses. The range and speed
of refuelling through existing infrastructure point to an advantage for HVs in regional and remote
Australia. Certainly, one Australian company is banking on a solid m&tR&tcurrently plans to produce
20,000 HVs each year by 2025 out of the lllawarra region in NSW.

AROGwn and operate a range of plant and equipment for which there are currently no bagtecyric or
hydrogenelectric powered models available. Caterpillar, Hitachi, New Holland and many morestart
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firms are researching and developing renewable powetéernatives to the full range of heavy plant and
equipment. Mining companies at the forefront in much of this development.

The Australian Government is invested in the CSIRO National Hydrogen Roadmap released in 2019 and
has leveraged $ billions in private investment to stimulate a hydrogen economy for both internal and
export markets. The stated aim in much of this investment is to lower production costs to meet a $2 per
kg threshold. Some commentators expect the price to fall from the currest 85d reach $3 by 262

RecommendatioriThatAR(osition itself as a centre for R&D in the emerging hydrogen ecoraspart of
the REZThatCouncilkconduct feasibility into a pilot plant and vehicle(s).

4.7.3 Electric devices

Cordless power tools arayht plant such as lawnmowers are also the focus of many manufacturers. For
example, Makita have ceased all R&D into petrol powered taadsplan to move completely away from
internal combustion engies. While these tools and plant use a small amourgrdérgy in comparison to

cars for example, there are operational advantages in not having to deal with mixing fuel and small engine
maintenance.

Commercial grade brustutters and chainsaws are quieter, simpler and deliver instant power with-back
pack battey systems that can deliver several hours of continuous operation. They are more expensive to
purchase however these prices are falling with increased market share. In time we can expect to see a
greater range of electric small plant and equipment as thergy density and affordability of batteries
improve.

If ARCseeks to electrify small plant aretjuipment,we suggest that decision is made to, as much as
L2aaArof Sy aGA01 6A0GK 2yS WFFYAfeQ a2 GKFG ol GGSNE
given into the creation of battery-eraste and the nossense in discarding perfectly functional equipment

which mayonly have occasional use, simply to remove a small amount of hydrocarbon fuel consumption.

RecommendatioriThatARCadjust procurement policy to preference electric plant and equipment for
replacement and new purchases.
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5.0 OtherRenewable Energy Options

5.1 PumpedHydro

The Armidale Regional Councigion contains hillsgorgesand disused mining facilities that may be
appropriate for pumped hydro schemas evidencedy the600MW Oven Mountain proposgatoject.

Pumped Hydro is emerging as a preferred dispatchable energy source, particularly over longer timeframes

(8+ hours)due to its flexibility and low carbon emissions. Using combined pump/turbine plants, water is
pumped from lower reservoirs to higher ones at times of plentiful or cheap energy and then released at
times of peak demand when the price for electricity is hijfedium scale Pumped Hydro is likely to

6302YS 'y AYLRNIIY({d WLINRERAZOGQ Ay TFdzidzNB Y N] S a

to time-shift large solar production from the middle of the day until nighte.

If Armidale Regional Couneilects to proceed with a midcale arraythen an equivalent scale pumped
hydro schemecould be investigated in comparison to other forms of storager example, are there
2 LILJI2 NI dzy A (G A S & dz8pySSEH@gthearNt#ias DamRedardless of paressingArmidale
Regional Coun&® own solar, it may be that a couroivned pumped hydro facility would be economic
on the basis of services to other renewable energy projects in the area.

In the medium term dispatchable energy is becoming increasingly valuable to the N&iwmrgly Market,
often attracting pricing around twice the value of daytime generati@m a micro scale, withwater
pumping beinga major cost centre foARC, ay new Councilipgrades omwater security initiatives should
also consider energy production aarpof their remit particularly if there are pressure reduction valves
in the water distribution network.

RecommendatiorLimited action in relation to pumped hydead this point in time. It may be something ti
KFEgS w2y GKS NIRFNR Ay RA&aOdzaaAzy 6A0GK ¢NIyac
in the REZ.

5.2 Wind

ArmidaleRegional Councis in a valley however theurroundng rangeshave a fantastic wind energy
resourcewhich was part of the rationale behind selecting the region for a Renewable Energy Zone.
Technologies that harness winehergy may present a significant opportunity foARCto reduce
operational costs and meet carbon emissions reduction ambitians least of which because they are
capable of generatingt any hour of the day.

Cases for wind energy include powering:
§ Lighting for footpaths and roadways.
Public amenities roadside rest areas, toilet blocks, barbeques and shelters.
Pumping stations.
Telecommunications towers.
Telemetry systems such as for water monitoring devices and security systems.

= =4 -4 4
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From the energy consumption datstreet lighting produces arount¥: 2 ¥ / 2 dzy O MliicR & SYA aa
wind powered,would meeta significant proportify 2 F /[ 2dzy OAf Q&4 SYGiveathd®# yd NBR
around 2/3of Council total energy use occurs outside daylight hours, vaqdires further investigation.

The guestion is, at what scale and how might a Coutitide wind energy?

5.2.1 Small Wind'urbines

Smallwind turbines are emerging ascasteffectiverenewable energy technologyhese systems can be
beneficial where there is a desire to provide amenities to the public in locations whereaymibctions

are cost prohibitive. In many casebetcost to buy and install these amenities can be significantly less
than the gridconnection, with the additional benefitthat the operational cost to power the sites is
effectively zerg using zero emission technology.

Smalér turbines are common in Eppe on public buildingsand some councils in Australia haetegaged

with smaltscale turbines as part of hybrablarwind-battery remote energy system3here are several
Australian owned companies providing barbecues, shelters and other public amenities furniture with
integrated solarsmallwind and battery systems.

One Australian startip Diffuse Energy hitps://www.diffuse-energy.com) has designed and
commercialised small wind turbines. Their Hyland 920 turbine has been designed to work side by side
with solar and batteries to reliably power telecommunications infrastructaireemote locations.The
operaing costs for this technology are extremely la@mpared todiesel power generation.

To demonstratéhow this technology may be appliéokr ARCwe have produced a conceptual moaéla
new offgrid public amenitfbased on a typical amenity block)
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Table #. Armidale Regional Council Off grid public amenity concept

New amenity |Load KWh/yr* kWh/d*
1 New amenity 4168 114
Annual cost $1,436.00
Cost per day $3.93
Grid connection
1 Grid installation CapEx $30,000.00
reduced to daily rate at 10 year Payback
= $8.47 per day to finance
Total cost $12.40 per day
*Usage figures modelled off Mckie Parkway Recreation Area
smallWind System size 220 W
1 Daily output 2.1 kWh
Annual output 766.5 kWh fyr
Annual cost $2,433.33
Cost per unit per day (installed) $6.67
Solar System size 3 kW
Daily output 12.8 kwh
Annual ouput 4,674 kKWh / yr
1 Per W installed $1.35
CapEx $6,000.00
= $1.69 per day (10 years)
Battery System size 13.5 5kW/13.5kWh
1 Installation cost $11,700
reduced to daily rate at 10 year Payback
= $3.21 per day to finance
Total cost $11.57 per day
Carbon Offset 3.37608 tonnes p.a.

*Emission factor 2021 (NSW)

As can be seen from trabove figures, if a new grid connectiaas to cost $30,00@&(g., connection fees

+ new pole + undergrounding + consultartt®}n this can be reduced to a daily cost over a lifetime or
depreciation periodf $12.40 Applying the same logic to the capex for angrifl hybrid energy solution
leads to adaily cost of $1.57. Of coursethe absence of daily supply and consumptabrarges improves
the casdor an offgrid solution in this instanc®o.

5.2.2 Large Wind

There is also the potential for Council to use larger wind energy installations to offset significant amounts
of energy usage. Larger installations necessitate more planning requirements with longer implementation
timeframes butcan provide significant beffits due to long project life ath low operating costd_arge
turbinestypicallyrange from 2MW tdoMW and even at the smaller scale, a single turbine would be readily
capable oproviding all of the energy consumed by ARC.

AlthoughW Y-& B | tdrtines are availablérom 100kW to 1,000kW hie economics of winénergyand
challenge gaining approvaiend to leave out the middle groundeading to the massive turbines and
multiple tower wind farmsve see developing. That saiimidaleis somewhaunique inhaving REZnd
there may be opportunities to leverage the work of wind energy developers to the benefituoicil It
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may alsobe worth testing themarketfor a midscale turbine in thevicinity ofa possible solar farnon
high ground, irproximity to usable network infrastructurend away from residences.

An ARC backed community project, in a form simibathe Hepburn community wind energy project
(https://www.hepburnwind.com.au) may beachievable That project delivers around 10 GWh per year

Y2NB GKIFy R2dzofS !w/ Qad SySNHE& O2yadzYLIiA2yd !y Ay
purchase agreement (PPAnd/or part ownershipwith the community project could provide the

necessary incentives to get the project running and attract external investment, while also allowing ARC

to meet its goals of becoming net carbon neutral. However, the approvals process for large scale wind
turbines can be slow and may not be realistic until at least 2025.

Recommendation Smalscale wind generators should be considered for any new or existing rer
infrastructure. Midscale wind generators could be considered as part of a hybrigspdteproject (which we
have not modelled). Local wind farmsuld be approached to provide renewable energy to Council to fill
shortfall if Council elects to proceed with solar only as the offset strategy.

5.3 Virtual Power Plants

This model has beddentifiedin principle in Section 4.3.2 abova.essence it says thatather than seek
renewable energy from a retailer or large corporate owned generaseek the equivalent amount
through aggregatingurplus from a group of smaller installations.

Thedistributed community model is viable and there are precedents in Australia however this model can
become complex and should be thought through carefully. It would be advisable to plan this with the
engagement of service/community groups and business ggout may be that there is significant
O2YYdzyAlle AYyuSNBad FyR (GKIFG /2dzyOAft Qa NRES A& St
1 Council leverages relationships and procurement expertise to identify a trustworthy, reliable solar
solution and provider(s)
1 Council garantees to purchase the export from ngpuncil participants
T / 2dzy OAt adzo@MIRMYEIBA AKSF NNMHEE (2 AYyONBFasS SELRN
T / 2dzy OAf O22NRAYIFGSa NBGFAfSNABR YR LINRPGPARSAE O2y
In the current environment wheréarge retailers are generally disliked and there is resentment at the

looming removal of residential feed in tariffs (in fact thessibility of being charged to expor@pouncil
offering to purchase the export may be welcomed.

As can be imaginethisapp2  OK g2 dzf R NBIljdzZA NS /[ 2dzy OAf G2 NBONIHZ i
the capacity to instalbolar that, after whatever setfonsumptionoccurs, resulted in the equivalent of

about 2.5 MW capacity.Subtracting thel.35 MW identified in section4.3.2 above,this equates to a

further 1.19MW. This could potentially be met through oversized systems on &gt 300 premises.
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CE havemeviouslymodelled this for another coundind found the $ per kW installation casgnificantly
more expensive than the misicale array optiomowever this could be rested. Install costcould be
mitigated if amattractive deal can be constructed for participants to part fund the installation themselves.
This approach clearly places Council in the reaflimommunity solar projects and as such, council need
to be sure they have the appetite internally and confidemn the community to become engagedsirch

an approach.The approach would require detailed modellingareful structuringand a recruitment
campaign.

RecommendationARQlecide on the degree to which their 100% renewable target should be pursued wi
discrete projects they can readily control, versus a community engaged approach with incentives and a \
structure for Council to claim the entire generation pool.

5.4 Bioenergy

Bioenergy requiresrganic feedstocks which are digestedgasifiedin vesselsyesuting in a range of
simple hydrocarboigassege.g.,methane)or liquids(e.g.,ethanol) While bioenergy can be applied as a
dispatchable energy sourci,canalso potentially becomea renewable fuel sourcéo replace gaand
diesd, rather than electrifyingliesel plant and equipment

There are broadly three approaches to converting biomasséngrgy:direct combustion, gafying and
digestion.Different feedstocks lend themselves to each approach but caabsijt isimportant to secure
a consistent and reliable supply.

Given thefertile nature of the Armidaleregionthere are potential feedstocksof organic materials or
wastes such as feedlotRResidentiabnd commercial wast&ansported to the waste treatment centre
may provideenough feedstocko match councilemand,but this has not been quantified for this report.
For examplejn simple terms, would there be around 30,000 L per year of waste cookirg bi
converted irto biodiesel for running Councils heavy plant and equipment?-{hibistandingproduction
guality and warranty issues). Could the landfill site generate enough methane whidn scrubbed,
would be meet the demand fdtPQo provide heat enerdgy

There are also systems that utilise tigh calorific value in human waste. CE has experience in
researching a US firm that operateswerage treatmenplants at around th&ML per day capacity. These

Wb S LJa dza Qse & digesiidh wrécess that resuliclean water, low volumes of powdered solids, and

which runs itself on gafired generabrs. The systemare also smaller thatrickle or aerator plants and

have reduced Capex and Opex. If and when the Armidale STP is due for upgrade or replaC&ment
siNPy3Ife adza3asada GKFaG 'w/ Ay@SadAaardsS wglaasS G2 S

¢CKS 1 dzZa0NIfAFY 9ySNHE al NJSG hLISNIG2N KIFa ARSYGAT
Regional Australia anfirmidale Regional Coungitesents as an excellenadidate for the integration
of this technologyn a diversified and distributeldw-carbonenergy future A specific higHevel audit of
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organic waste streams would ke starting point for investigating bioenergiRefer to Latrobe City
Council for business case for installing a bio energy unit at their landfill site.

RecommendationAROmake a strategic decision on how to approach renewable energy for building HVA
and diesel plant/vehicleARGmay seek interest or fundingith stakeholders in the REZ to further investiga
the potential of bioenergy

5.5 Microgridsand embedded networks

The term microgrid traditionally applies todsscrete networkof interconnected loads and one or more
generatorsindependent ofa larger network. More recently @pplies to suksections of thegrid with a
single point of connectignmultiple loads and embedded generatiand wth the capacity to run
independently.These are also called embedded networks amdmples are shopping centres and some
industrialor housingsubdivisions.

Microgrids are going to play a large role in future new greenfield developments in regional Australia. The
costs of installing and firmghrenewables are now competitive and, in some circumstances, much cheaper
than installing and maintaining the poles and wires to new remote locations. There are also examples
where a number of meters can be consolidated into a single market facing metewiim basic wiring

and administrative changes, result in reduced billing due to standing charges.

Interestingly, in the evolution of providing energy as a service to communities, local governments were
the originalproviders to households and businesse®ughwhat we would now calMicrogrids.Councils
operated the generators (usually coal, gas or diesel)laoled after billing. When state governments
offered a centralisedlternative,it was attractivebecause it saved hassle for councils. With neatding
technology good business cases and an agenda to decarbonise energy soooesil owned and
operated microgrids may be viable again.

In our view, the mosibbvious potentialis with Industrial microgrids whereouncil can be part of
underwriting the development of estates where energy supply is both renewable and affordahis
could be attractive foCommercial and Industrial enterprises seeking to establish in the regions.

RecommendatiorFor ArmidaleRegionalCouncil, microgrids shoulcelzonsidered for any development likel
to have a few or more meters connected to the network. If Council is the enabler, then it is likely to res
reduced operating costs for sthetered customers and an egoing revenue stream to Council.

Constructive Energy has the roleTethnicalDirector in afederalgovernment fundedtudy intothe application ofnicrogridsin
agriculturewith Queensland Farmers Federatiamd others.
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5.6 Off-grid facilities and critical infrastructure

Many remote communities and mining operations are currently installing independent generation
facilities. A good example of this has occurred in remote farming communities around Esperance WA. In
2015 a largebushfire caused loss of life and property, including large swathes of the local electricity
distribution infrastructure. In agreement with the local community the electricity provider (Horizon
Energy) has installed a virtual microgrid with each custoragiry their own solar production and firming
capacity (battery). Locals have confirmed that the outcome for them has been stable and reliable power
at equivalent cost (source: ABC news Oct 2019)

We recommend that serious consideration is given to installatfcsotar, battery and backup generation
capacity for any new developments plannedAynidale Regional Coungihere access to the network
may be problematic or expensive. Further, this approach can provide energy security for critical
infrastructure in theevent of natural disastersr other supply interruptionsThe emerging hydrogen
economy can also offer solutions inglcontext.

RecommendatiorThatArmidaleRegionalCouncil considertte relative importance of energy security at key
sites and factor this into considerations for BtM installations as this may be the factor that weights the bu:
case towards proceeding.

5.7 Ground Source Heating and Cooling

Where major retrofits are being undertaken or new buildings constructed, the possibility of using ground
source air conditioning should be considered. Opportunities such as open trenches for other plumbing
work could be used to improve the cesffectiveness of installindouried pipe loopsas part of a ground
sourceheat pumpsolution

There are examples globally of roads being underpinned with a network of pipes to capturtheataal
energy which then dramatically reduces heating costs for nearbyibgddn winter.

While seemingly lefof-field, using the temperature of the earth to heat andol can be lowcost, low
maintenance renewable energy sourgarticularly in a setting lik&rmidalewhich receives high variance
between daytime and nigHime temperatures.

Recommendatiarinclude ground source as a technical solution to investigate in specifying upgrades to
building Heating Ventilation Air Conditioning systems.

5.8 Demand Side Participation (DSP)

Demand Side Participatidras been referencedlsewhere in the Plahowever it does stand on its ow
asan opportunity for Council to participate and financially benefit from the schérhe.Australian Energy
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Market Operator (AEMO) has forecast elevated risk to electricity supay tbe next 10 yearsandin
particular, interruptions to electricity supply during peak summer periods.

A contractual arrangement can be entered into by Council (the participant) with AEMO, in which they
agree to the curtailment of noscheduled energgonsumption or provision of nescheduled generation
in response to the demand of electricity.

Examples include industrial facilities that are exposed to the wholesale price and elect to reduce electric
load at times of high prices, consumers that agreketdgheir battery be controlled by a third party or are
incentivised to switch off aiconditioners, and small nescheduled generators that have the ability to
produce electricity at these times, offsetting local consumption (sourggirch 2020- Demand side
participation forecast and methodoloyy

DSPwill become an increasihg prevalent component oénergy retailing and network operatiocand
should be included in the consideration of retail contracts

RecommendationCouncil explore opportuties to havecontrol oversolar and battery productiomnd key
discretionary loads to benabled during peak periods for financial reward.

6.0 CAPEX Funding and Ownership Models

The strong economic return in renewable energy infrastructure is resulting in a range of potential
investment options and there is currently signifitanvestor interest which can be leveraged. The
following enabling mechanisms all have relevance and precedent within the local goversphent.

Armidale Regional CounoWwned and operated oARQacilities

DeliversARCthe shortest payback and maximum return (cash flow) bARCcarries all the risk (after
warranty).AROmnay choose to invest existing reserves (including grant funding) or take advantage of low
borrowing rates to structure projects as cagbsitive from dg 1. TCorp are highly supportive of local
government renewable energy projects aogrrently offering interest rates aroungo.

Corporate owned

Corporate ownedn Armidale Regional Coundicilities It is common practice for solar companies to
offer installation at no cost and to enter into a Power Purchase Agreement (or equivalenttypase
arrangement) that will slightly reduce and lock in a cost for energy over typicalyt@ykar timeframe.

In this instance the provider carries the risk and maintenance burden but is able to generate a cash flow
and profit after the payback period. The asset is often gifted to the host at contractualesgitafter a
12-year period

Community Owned oArmidale Regional Coundlcilities

There is a strong movement for community ownership of commercial and larger scale solar plants and
many models and organisations exist to facilitate this. The arrangements are similar to corporate
investment however the finacial returns are distributed to community investors, typically at arourd 6

10%. Community owned solar is seen as a way to engage community and to share economic benefits
locally and in many parts of the world a set percentage of community ownershijpidated as a
condition of consent, particularly in wind projects.
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Armidale Regional Counad provider on/to third parties
Subject to the right agreements and on the strength of business modefimgidale Regional Council
may choose to invest in salganels on or near industrial sites ARCand to benefit from a Power

Purchase Agreement while supporting local business through reduced operating costs and energy
certainty.

Hybrid funding
For certain larger installations it is possible that a rang@&uatlers invest in the project. For example, the

host/energy user, the community, Council and a thpatty commercial operator may all invest in a set
percentage share of a project.
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7.0 ARC Renewable Energy Roadmap

7.1Principles based approach

Recalling thebecisioaAMaking Frameworkdescribed at the front of this reporthe following list may be helpful in
prioritisingthe recommendation made throughout.

- Carbon reductiorr does the project contribute to Project Zero30

- Benefit/Costg does the poject have positive financial impact?

- Community benefit how does the wider community benefit from this project?
- Logicg is the project practical, defensible, sound, ethical, enduring?

- Leadershig; will the project stimulate positive change in others?

SPOATAOFft & NBEFGSR (2 LRAY(G ninciding B A Gelit to deterdindhiefarcigy.s A v 3

- Speed can this be designed, approved and operational in time?
- Complexityg in terms of both technicality and stakeholders

- Control¢ is ARC in the driving seat?

- Potential for fundingsupport¢ grants, REZ proponents, etc.

- ROl is it financially acceptable or compelling?

AsAROnovestowardsthe energy selsufficiency pricecontroland cost savinggotential ofrenewable energy, itsi
important gain clarity on theelative priority of various project drivers. These will need to be continually reviewed
in the contextof each project as development brings nawight.

While CE have sought to identify a framewdoksupport decision makg it is the process of decidinghat is
important and how to decide that is most critical. For example, the solution for the samcfic opportunity will
change depending on the relative importanek say

1 Local skills and employment
9 Carbon reduction

1 Project lifetime

1 Financial dependencies

CEStrongly recommends embedding the practicdd#ntifying and ranking the drivers associated with any of the
projects that arise out of this Plamhich will no doubt include drivers specific to the operatiminthe equipment
itself.

7.2 Recommendations
Recommendations made throughout the repowmere tabled alongside actions required to meet the
recommendation.ThisRecommendations Ranking Table (see Appeegliwas used in a meeting with the key ARC
staff and Couaillors where eachline initiative was discussed in the context of the decigsimaking framework
introduced inSection 1.4 above.

As a result of theliscussion, the following Summary Table was developild the intention of clearly listing the
ideal outcanes and next steps or activities associated witpblementing the recommendations. While a timeframe
has beenindicated  KS WwSall2yaiof SQ 02t dzyy didlojud athStng of wrilgd o f I v |

A table specifically related to Energy Efficers also included
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Renewable Energy Action PlamSummary Table

Recommendation

Ideal Outcome

Activities

Timeframe

Responsible

Increase energy awareness

Improve energy transparency ar
control at all sites including
generation, storage and key loads.

ARC

understands
controls energy usage ti
optimise productivity

an

Establish a Couneilide policy to implement smart meter an
dynamic load control devices and platforms.

Include site energy usage in PDsrelevant asset managers ar|
operational staff.

Ensure smart meters are installed in association with any o
electrical installation or upgrade works. The meter should h
capacity for sukrircuit and device load control.

2022 -
Ongoing

Movetowards energy autonomy

Create sufficient counedontrolled
renewable energy generian to
supply all of ARCs energy and
offset emissions

ARC supplies renewabl
energy to itself at a knowr,
and affordable price

Shortlist sites with sufficient spacand potential planning
consent, complete necessary network connection enquiries
develop higHevel business case(s).

Include energy storage in project/business modelling.
Make a strategic decision about the application of-gite
distributed renewalle energy and its capacity to reduce ener

consumed by Council.

Consider Zero30, carbon and retailer strategies

2022- 2024

Engage carefully with Retailers

ARC is serviced by flexibl
fair retail arrangements.

Establish what it is that Counwibuld ideally like from a retailer

Identify and develop relationships with innovative retailers.

Contract
renewal and
powerplant
development

Constructive Energy Pty Ltd 2021
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attractive place for R&D
trials and implementation
of new technology

sector, specifically around hydrogen, pumped/ hydro ener
alternative fuels and bioenergy.

Develop communication aterials specifically tpositionARGas
a centre forinnovation inthe emergingenergy sector, especiall
as part of the REZ

Monitor industry developments with Hydrogen, liquid fuels &
bioenergy.

Recommendation Ideal Outcome Activities Timeframe Responsible
4. | Electrify vehicles, plant, an| ARC fleet, plant an( Adapt procurement poliges to preference electric plant an¢ 2022
equipment equipment is low | equipment for replacement and new purchases. Ongoing
emission, affordable an(
effective.
Ask staff to research electric alternatives. Replace as cul
plantretires.
Consider engaging a fleet tracking and optimisation servic
identify and prioritise EV opportunities.
Work with NSW Government to support charger -alt and
fleet changeover.
5. | Lead energy innovation ARC becomesknownas |5 SFAY S GKS WiKAy3aQ GKIF G ! v Ongoing

6. Have a stake
ownership

in energy assg

ARC receives addition:
revenue streams through
the provision of utility
services

Consider microgrids when reviewing Planning Policies an
proposed projects.

Microgrids embedded networks, certain Medium Voltag
infrastructure, storage and generatiorassets should be
considered for developmestikely to have a few or more meter
connected toa network or remote developments

Ongoing

Constructive Energy Pty Ltd 2022

Pageb4 of 75




Recommendation

Ideal Outcome

Activities

Timeframe

Responsible

7. | Plan for energy security and clima
resilience

ARC assets an
communities are robust
and resilient to the impaci
of climate change anc
other shocks

Investigate drivers of, and funding for, resilience initiatives.

Gonsider the relative importance of energy security at key s
and factor this into cosiderations for BtM installations

2022- 2023
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Renewable Energy Action Plagrecommendations evaluation and ranking

Energy efficiency is presented as a specific subset of the recommendations on the basis that it is important regardidEAPtAnd avoiding waste is often the
most costeffective way to improve energy productivity. However, in the context of this REM®mising consumption also minimises the extent of renewable
generation required which in turn reduces the environmental impacts associates with the creation, use and eventual digrsabtion equipment.

Recommendation

Action

Lead

Monitor consumption: Engineering and/or Finance are responsible for reviewing en
usage at all sites and of key equipment/assets.

Energy consumption incorporated into all relevg
Position Descriptions

Reporting and performanceEnergy use for sites/assets is reported in regular sec|
meetings and efficiency forms a component of sfadition Descriptions and Performan
Reviews

Energy consumption incorporated int
meeting/periodic reporting templates

Procurement policy:Energy consumption rates are considered in the procurement of
new equipment or servicing and maintenance of existing items. This includes new bu
and vehicles.

Energy efficiency standards
procurement guidelines

integrated in

Retrofit strategy: Building modifications will be carried out at least in part for the purp
of reducing energy consumption.

Building modification to trigger audit and/g
NatHERS/NABERS rating.

Education: Armidale Regional Council makes it easy for staff @muktituents to reduce
energy consumption through promotion of strategies and materials that facilitate en
efficiency.

In corporate key message of energy efficiency i
communications strategy.

Planning Armidale Regional Council promotesergy efficiency in design through th
planning phase where applicants are encouraged to adopt Guidelines for factors inau
insulation, glazing, orientation, primary equipment, water use, etc.

Set minimum NatHERS/NABERS or GBCA
rating standard

Product broker Armidale Regional Council applies knowledge and purchasing pow
support residents and businesses with products that reduce their energy consumption

Establish community working group

Street lighting Armidale Regional Couhcobntinues to work with other councils/progran
to replace existing lights with efficient alternatives.

Optimise uptake and control of efficient and smza
lighting

1l
1
1

NatHERS = National Home Energy Rating Scheme
NABERS = National Australian Beiilvironment Rating Scheme
GBCA = Green Building Council of Australia
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7.3 Midscale solar powerplant

During/ 9Q& Sy 3l 3SYSyid 6AGK /2dzyOAf 2y GKS wolts / 2dz

renewable energy generation assst@cross Council portfolio including a midscale solar powerplant.

The Mayor Cr Copelarahd the Energgommittee has expressed the desire of Council to have its own
Renewable Energy assets thain:-

1. Generate revenue
2. Reduce operational expendituserossCouncil facilities
3. wSRdz0S / 2dzyOAf Qa OIFNb2y SYAaaArzya

CE recommends that the easiest methodology to achieve these objectiviesagdispatchable midscale
solar power plan{1-5MWp solar and BESS system).

There are three basic tenantequired todevelop amidscale RE powerplant

1. Secure a lorwerm offtake agreement to underwrite the financial viability of the project.

o Councilimmediately mees this prerequisite via its owrannual energy consumption
(3.8GWhp.a.) This volume of energis enough tojustify the business case fa RE
powerplant of >2MWpYou are your own best customer.

2. Secure thdandtenure via lease or purchase.

o Council owns multiple sitethat are likely suitabldor a midcscale solar powerplanfThe
STP seems the mosbvious location A powerplant could be located on tlugherwise
sterile landprovided t is locatedclose tothe requiredelectrical infrastructuraneeded to
connect to theEssential Energy network.

3. Secure the necessary approvals (DA and network conmgctio

o CE has guided several other organisatiogsvérnment andprivate) through tkese
applications CE recommends stagingetiproject andtaking an iterative approachhis
requires Council taommit initial finances to proceedhe project. Hbwever, if Council
decidesto discontinue the projectduring stages 1,2 or 3pmeof the initialcosts can be
recoveredvia the sale of the project tanother project proponent

A midscale solar powerplaprovidesintergenerational benefitf§or ratepayers Councis are in an ideal
position to take: & f 2 yraEquishf@ this type of project

If Council are to embark on a midscale solar, we make several key recommendatitihe following
expectations need to be set

- Leverage the ARC locationthe New EnglandREZBoth the state government and leadipgvate
developers are likely to lend assistance to Council in development of your own asset. This may
come in multiple form®.g.,procurement of solar modulesr constructionexpertise

- 52y Qi idtGovdrsie\the planfThe fixed CapEx on the HV connection is unavoidable and
the economicsare often more favourabldf the LV component of the RE powerplant is scaled

- Include storageand develop a dispatchable powerplaitispatchability provides price certainty
for Council and ensures th&RC can provide energy ay time of the dayOne thing is for
certain, no one can predict future energyarketconditions! A battery andr storage solution is
aninsurancepolicy.

- Expect that this project will take 2 years to delivétetwork connection approvals take minimum
1 year to aply, complete studieandto seekapproval.
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- 52y Qi SELISHe(samé IRRofKrboflop solar. TheseRE powsplants use different
equipment are very robust anttave rated lifetimes of 2years and beyondexpect the payback
to be between 812 years.

- The criticalinvestment for Councilis to secure thenetwork connection.As RE technology
continues to evolve and develpfhe network connectiomvill remain thekeycomponentenabling
Council b share energyrad benefits to the ARC community

Outlined below m Diagram 1 is the proposedethodology and indicative pricing (inclusive &f @arty
fees) to geta midscale RE power plantgpect i hoHel read®
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MIDSCALE SOLAR POWERPLANT STAGES

O

Establish size & Shortlist
Locations

Project steering committee
appointed

Site(s)inspectionand
confirmation

Preliminary network enquiry &

CISA(~330k)

Desktop analysisincluding
simulated production vs
consumption

Development of business case

Detailed site assessment
including title and feature
survey and geotechnical
studies

Presentto Council and seek
endorsementto proceed to
next stage

$50 - $75k Lo

Oy )
A s
Detailed Concept Modelling Full Detailed Project
& Network Connection Planning

Develop detailed system
design

Submission of development
application (DA&)

Complete network
connection studies and HV
design (~$180k)

Secure Offerto Proceed
(OTP) and DMSFP connection
agreement (~$150k)

Secure Council
endorsementto proceed
with full project

Secure project finance
Develop and release RFT for

design & construct and
market participation

$450k - $600k  [iin”

Contract establishment and
EPC engagement

Scope of Works (SoW) for
Level 1 HV engineering
work (works to be
undertaken on DNSP
network)

Procurement of modules,
BESS & MVPS

Retail agreements
completion including any
3™ party offtake agreements

Customer and community
engagement strategy

Completion ofland lease (if
applicable)

$250k - 300k oo

Diagram 1. Midcalesolar powerplant madmap

O

Project Delivery

Site preparation and
commence construction of
LV works

Commence construction of
HV works

MNetwork connection
completion and testing

Energisation &
Commissioning and Defect
Liability Period (DLP)
commences

Post commissioning
network submission

]

CONSTRUCTIVE
ENERGY
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Appendix

Specificontractsite analysis

This section of the report exploresseries of charts related to each of tlhege markefacilitiesmanaged byCouncil

' YRSNAGFYRAY3 ¢6KSy SySNHe Aa O2yadzySR FONRaa GAYS ONB
important in making decisions about the business case for renewable power, load shifting, energy storage and
efficiency.

Administration Cemé

Site details

Street Address 135 Rusden St, Armidale NSW 2350

NMI NFFFNRKCO04

Roof space Very limited

Map URL Administration centre

Description The administration centre is centrallycated in the regional city of Armidale
Assessment

Administration Centre
45,000
40,000
35,000
30,000

25,000
20,000
15,000
10,000
5,000
0
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Chart12. Administration Centre annual usage profile

As anticipated the Administration centre has a consistentrithth energy profile. Thenergy consumptiompeaks
during the winter months

We commendhe operations team for adoptinggnificant energy efficiency measures at the administration centre
Theseincluding upgrades to the HVAC systems and halogen lighting replaceméimé fimoreenergy efficient LB
lighting.
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The intraday energy profile is consistent wih
typical office building profile. The energy
consumption follows an energy curve, peaking in
the middle of the day followed by a consistent
. overnight load (7pr6am) ranging between 30
Epp— e T, Y resting load.

20 . .. . . .
o This administration centre energy intraday profile

0 matches well with a daily solar generatiprofile;
001 2 3 45 6 7 8 9 101112131415 1617 18 19 20 21 22 23 however, the winter peak d& a y’ Qi £ A3 y’ g Al
our o day reduced solar production over winter months.

Administration Centre- 24hr Usage Profile
70
60
50

— Spring Summer Autumn Winter

Chartl3. Administration Centre 2lour usageprofile

Council has investigated a BtM solar installation for the administration centre, howeveodiiés unsuitable nor
hasadequateavailable space to install any meaningful solar systethis site. We would recommend offsetting the

ARY A Y A &l NI (elecivity @& with aNdBddalesolar and battery renewable energyant. There are retail
mechanisms available for Council to generate excess energy at other suitable RE locations and share the energy with
the administration centreThis is covered in detail in section 4.3.1.

Our recommendation for the administration centi®to continue withany additionalenergy efficiency measures.
TheARC facilities managardicated that the main HVAC system was approachingadifie. We reommend that
the replacement system bmade withenergy efficient system and that Council loolkatty othermeasurego reduce
heat loss from the building

If Council opt to pursue a midscale renewable energy power pkargroportion of theannual spendfor the
administration centrecan beused to servicghe loan repayments andnergy can be shared amondhkis site and
other Council facilities

We also recommend that Counaodfrain fromlocking into any longterm and inflexibleretail arrangemens for the
Administration centre Thesecontractswill provea roadblock folCouncito pursue a midscale solar opportunitge
are aware of electricity retailers that will offetkWh discounts that appear attractivan face valughowevermany
of these arrangements lock the energy user into minimumomthly volumesfor the term of the contractThese
contracts also likely penalise the Coufrficilan early contracexit.
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Sewerage Treatment Plant

Site details

Street Address Cafferies Roaddrmidale NSW2350

NMI NFFFNRKCO02

Roof space N\A

Map URL ARC Sewerage Treatment Plant

Description Located5km from the centre of towron the Waterfall way.
Assessment

Sewerage Treatment Plant
35,000
30,000

25,000

20,000
15,000
10,000
nilln
0
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Chartl4. Sewerage Treatment Plant annughge profile

]

The STP haswariable annuatonsumption profile This likely fluctuates with weather conditiorghe { ¢ t2®r&
profile has a huge drop in load in the middl&ely caused by thexistingBtM solar installatiorat the STPThis is
likely accentuatedwith the operational schedulebeing seto take advantage of offeak consumption charges.

This sitehas been identified as an ideal location
for midscale solar and storage. ltdgated <2km
as the crow fes frommultiple zone substations

” \-\ — (Trangrid & Essential Energy
40 \
\ There is availabl€ouncil ownedand at this site
20 and being a STPthe land & WaiGSNAREt SQ I
ee—

unsuitable formanyother land uses.

Sewerage Treatment Plant- 24hr Usage Profile

kwh
w
&

0012 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 We recommend that Councicommence a

Hour of day preliminary network enquiry and undertake a
detailed feasibility study into midscale solar and
storage at this site.

—SriNG —SUMMer Autumn Winter

Chartl5. Sewerage Treatment Plant-PMdur usage profile

Our desktop analysis and site inspection identified available $anitdble with a northwesterly aspecsuitable to
install <SMWpA plant of this size would enable Council to offset 100% of C@ianthual grid energy consumption
and allow Council teealise its ambition of 100% renewable energy
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Ozonation and Water Treatment Plant
Site details

Street Address 2 Edgar Street. OArundel Dive, Armidale NSW 2350

NMI 400120971x NFFFNRKCO03

Roof space Not available.

Map URL Ozonationand water treatmentplant

Description Located on Edgar Stre¢dff Arundel Drive), and approximately 4km from ti

centre of Armidale.

Assessment

The ozonation and water treatment plant
has available land to the North of existing
infrastructure This site may be suitabte
install some renewable energy assets.
However, this space may be reservby
Council operationgor future expansion of
the plant.

The area is approximately 6200 m&hich
would allow for ~3MW of ground mount
solar to be installed. The site does have
some established vegetation arid close
proximity to residences, which may prove
problematic foraninstallation

Map 3.ARC Ozonation and water treatment plasbiirce:Six MapMay2022)

Water Treatment Plant
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Chartl6. Water Treatment Plant annual usage profile

8

Theusageprofile for the water treatment equipment is very consistent across anbhth period. The ozonation
plant has more variance, and as expected uses more during autumn wintergbfagmber).
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