/ ; Sustainable
Built Environment
National Research Centre Green energy and decarbonisation transition of the built environment

AUSTRALIA

/ Sustainable
Built Environment
National Research Centre
AUSTRALIA

Project 1.93

Green energy and decarbonisation
transition of the built environment

Y Q Jd(Fragkr Island) Queensland Case Study

ProjectResearciReport

Authors: Sascha SteggnRodney Stewart Kathrin Schult¢ Jaya Krisna Puthi
Research ReporProject 1.935reen energy and decarbonisation transition of the built environment
Date May 2025



Sustainable
Built Environment

National Research Centre Green energy and decarbonisation transition of the built environment
AUSTRALIA

Acknowledgements

CKA& NBAaSFNODK KFa o06SSy RS@GSt21ISR o6& !dzadNXftAlQa
(SBEnrc). The SBEnrc develops projects informed by industry partner needs, secures national funding, project
manages the collaborative research and oeesresearch into practice initiatives. Core Members of the SBEnrc
include ATCO Australia, BGC Australia, Government of Western Australia, Queensland Government, Transport
for NSW, Sunshine Coast Council, Curtin University, Western Sydney University @ndJriirsity. The
industry-driven research outlined in this publication would not have been possible without the valuable support

of our core industry, government and research partners.

arco = fel

- —
Queensland
cometmn e Government

LWJJ Griffith | WESTERN SYDNEY . RMIT

UNIVERSITY - RMI1




) Sustainable

Built Environment
National Research Centre

Project Team

Case Study Leader
Sascha Stegen

Griffith University

Project Steering Group Chair

Peta Ashworth OAM
Keith Hampson

Research Team

Rodney Stewart

Kathrin Schulte

Jaya KrishnRuthi

Sherif Mostafa

Atig Zaman

Benjamin Gazeau
Alessandro Sanches Pereira

Project Steering Group
Ammar Shemery

Lindsay Kyle

Russell James

Stephen Foster

Andre McDonald

Alison Webb

Liliane Klemann

Director of Curtin Institute of Energy Transition
Chief Executive Officer, SBEnrc, Australia

Griffith University
Griffith University
Griffith University
Griffith University
Curtin University
Curtin University
Curtin University

SBEnrc, Australia
SBEnrc, Australia
ATCO Australia
ATCO Australia

QLDDep of the Environment, Tourism, Science and Innovation (QDETSI)
QLDDep of the Environment, Tourism, Science and Innovation (QDETSI)

Instituto 17

Green energy and decarbonisation transition of the built environment



Sustainable

Built Environment

National Research Centre Green energy and decarbonisation transition of the built environment

Preface

The Sustainable Built Environment National Research Centre, Australia, the successor to the Cooperative
Research Centre for Construction Innovatignyitallycommitted to making a leading contribution to innovation
across the Australian built environment industry after more ti2&nyearsof operation. We are dedicated to
working collaboratively with industry and government to develop and apply practical research outcomes that
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outcomes for your operations. By working together, we cantinue totransform our industry and communities
through enhanced and sustainable business processes, environmental performance and productivity.
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Executive Summary

Thisdocument reports ormkeysub-project of SBEnic N2 2 SOG mddpo aDNBSYy SySNBEHE |
2T GKS o0dzAf 0 S ypoledBsgersStyeipdsdbility 6f K Sro &rdigsion affid solution for the
vdzSSy at | yR [Earah$ bl wri¥ ¢ d(fddkrly Frasersland which serves as theervice and
administrativehub for Queenslanéarks andwildlife Service (QPWS) activities on the largest sand island in the
world off theeastcoast of Queensland, Q Jid eNtikely a national park and classified as a World HeriGiige

The Eurong site is completely dependentregularfossil fuel deliverieso fuel two diesel generatorsThisis
viewedasunsustainable and insufficiemd meetthe 2030 and 2036arbonemission targetsurrently specified

by Queenslan@overnment Additionally, ésasterresilienceh @ f AYAGSR o6& GKS A&f I yRC
need for regular barge deliveries of diesel fuel.

This projectanalysedenergy demand and identified solutionsfor a more resilient and environmentally
sustainablesnergy system for th@ PW3urongfacility. A central and deentralised system for Pyeneration
wasexamined, while battery and hydrogen solutions were considered for energy storage. The investigation was
based on the power demand of the Eurong site, which was determined through an energgprawiiedby an
external provider.

Energyloads, including base, intermittent and variable Isadere determined and load curves in MATLAB
visualised. The available roof space for PV panels was determined and further investigation showed that the
existing roofarea isinsufficient to cover the power demand. Subsequently, the number of required PV panels
was determined based on the demand of the site &odr storage scenarios including battery and hydrogen
storagewere carried out

The recommendedsolutionintodayQa G SOKy 2t 23A Ol £ = Sy @AIBRIY Geyiaiation | y F
using available building rooftop space together with an additiamehadjacentto the site for a solar farmwith
100% battery storage.

12
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1 Project Overview

This is a suproject of the{ . 9 Y NOY t Ne2SOi wmddpo aDNBSY SySNHe |y
environment ®he subproject assessd the possibility of a zero emissiarff-grid solution forthe Queensland

D2 @S Ny Eoyigistesory Q J(dorharly Frasersland which serves as the hub fQueenslandParks and

Wildlife Service (QPWSjctivities on thdargest sandslandin the world off theeastcoast of Queensland. Q 3 | NA

is entirely a national park and classified as a World Heri®itg]2]. This project was deliveredthrough a

valuable industry researctollaboration with{ . 9 Yy N Qa v dzSSy aft | GiffithNBiverSity Add K Ay
SBEnrindustrypartnersnamelyATCQAustralia and Queensland Government

1.1  Project Aim

The QPWS Eurong site oh Q Jdmpldys two80kVAdiesel generatorgupgraded in 2022rom two 62.5kVA
generators)Consequently, the sitis completely dependent otonstantfossil fueldeliveries from the mainland

which has been identifiedy QPWS asnsustainable andnsufficient forthe 2030and 2035 emission targets
specified bythe QueenslandGovernment andO2 y adzf 6§ SR G KS O2 Y whic/f Suppfied 2f I NJ
renewable energy system proposalaccordancevith the identification ofthe current problems. Howevethe

site could benefit fromsmart systems in terms of generatiandconsumption controto maximise the benefits

of the proposed system.

This research focesl on evaluating

1. Improvement of the sB adidaster resiliencethrough solar and energy storage mix (battery and
hydrogen)

2. Hydrogengeneration ancenergystorage solution$or buildingbase loadsindservicing duture vehicle
fleet

3. Batterystorage solution$or base load anéhstantaneous poweconsumption
4. Energy consumptiomptimisationopportunitiesfor effective use of the renewable installation

5. Reducing environmental risks from fossil fuels eadlicingfire risks

1.2  Project Objectives

This projectresponced to the QPWSheedfor a practical approacko optimise the needs for a resilient and
optimised renewable energy system for tBeirong site oty Q 3 Th&ldpecific objectives are:

f Conductareview ofthe renewable energy system proposal produceddby 2 f  NJ | @ 0 NA R& € @

1 Identify the requirements for a optimised installatiorof solar, battery storageand hydrogen storage
solutions

1 Investigateopportunities ofreducing environmental impadhrough use ofsolar PV installationral
battery energy storagen concert with usindnydrogen

13
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1.3 ResearctOutcome

The project investigatt gaps in theintegration assessment of renewable energy system to fulfil the
requirements and expectations of QPWS.

2 Research Plan

2.1 Research Question

1. What are the requirements and expectations of RPWSnd the site operators in terms of theystem
performancé

2. Whatmeasures can be implemented to optimise the system

3. How can thenstallation be integrated at the sif®y minimising the environmental impaect within this
pristine andprotected area?

2.2 Research Method / Approach
The followingprocess vasadopted to addresthe research objective

1. Conduct a comprehensive review®fK S NBYy Sgl 0f S Sy SNHSlarde a NI K¢ LINE
other assessmergtanddevelop apractical approacha provide guidance to implemeation measures

3 Delivery Strategy

3.1  Specified Personnel

The Griffith University (GU) research teararieed with theQPWSassigned representatives and identified key
stakeholders and interest groups.

QPWSkeyrepresentatives includd:
1 Alison Welb, Director, Asset ServiceQPWS
1 AndreMcDonald Senior Project Officer, Capital Delivery Team, Asset SergiE&8S

QPWSexpeckd that GU will seek input, comment, and feedback from the key stakeholders as appropriate
throughout the project.

ATCAustraliaand Griffith University team includk
1 Dr Sascha StegeRroject LeadelGriffith University
Professor Rodney StewaRroject LeadelGriffith University
Ms Kathrin SchulteEngineering Research@riffith University

1
1
1 Mr Jaya Krishna Puthi, Engineering Resear¢ifith University
1 Russ# JamesDirector- Clean Fue|ATCQAustralia

1

Stephen FosteMechnical Lead Hydrogen and Clean Fuels DevelopmEGQAustralia

14
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3.2 Resources

QPWSprovided relevant internadocumentation andackground material to support delivery of the project (as
it determined appropriate).

3.3  CompletedProject Milestones

The subproject commencd in April 2024 QPWSsupplied therequired Energy Audit reporin August which
provided a basic overview of theurrent installation and basic consumptioAnother report about the fuel
consumptionwas suppliedn Septembef024, which allowd determination of the hydrogen storage case of
the transition to hydrogen vehicles.

A breakdown of the tasks and the deliverables and associated milestones are shown ih. Table

Table 1 - Project tasks and deliverables

Task

Description

Background and
project overview

Confirmscope of works and methodology

Comprehensive
literature review

Literature review on availablgechnology that can be
adopted to develop a practical approach that can efficier
provide guidance to implement optimisation measures.

Data collection

Collet data from the siteand investigatebenefits of the

and analysis integration of theoptimisation methods.
Conduct followup interviews and/or workshops witl
relevant stakeholders

Case study Condut case study aiming at completing a comprehens
review of thed A (rén@nable integration potential fron
generation to consumption.

Project daft Prepare report containing practical guideline to help

report implemertation of the proposedptimisations,based on the

lessons learned from the case study

Review of the
project draft
report

QPWSepresentatives to review thdraft project report

Delivery of final
projectreport

and knowledge to

practice

Relevant knowledge to practicdisseminationwith key
industry partners ad wider industry

15
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4

Detailed research progress

The projectwasdividedinto two parts:

Part 1: Concentrating on hydrogen and feasibility

Part 2: Classification of loattsdevelopa simulaion of a centralised and deentralisedstructuretogether with
control of the different loads.

The main scenarios investigatare a minimal cost solution, a compromised solution between cost and stability,
and the most stable solution.

Three solutions have been considered at the beginning of the profsttralised hybrid de-centralised and a
completelycentralisedsolution

1.

5

5.1

Centralised The proposed solution (quote) from Solar Hybrids, under consideration of necessary
changes and include a centralised hydrogen storage as well as centralised battery storage, sedation
investigated Since he inertia of a solehydrogen solutionswvas consideredtoo high for large and
dynamic loadsa small battery buffewas considered

Hybrid d-centralised This solutiorconsiderscentralisedhydrogen generation, but instead of clearing
the rainforest for the solar PV farireg roof solutions and deentralised battery storage solutions
have been studied as welADC link and AC link for this Virtual Power Plant (VPP) solsfiiovestigated

in this scenario This solution minimises the environmental impact and creates certain redundancy.
Considering all cost factors, the pricetioé installation should bsimilarand would perhaps even be
more cost effective in the long ruitheshading of the roof installation is contributing to power savings
in terms of AC cooling.

Completede-centralised Solar PV panels and battery storagi@stalledon/in each dwelling. Hydrogen
storage is centralisedA main DC link and AC lirkystem is considered for this solution, which also
creates a high leveif redundancy in the networldlowever, thdimited roof surface areds a significant
restriction for this solution.

Deliverables

Aim

This research will focus on:

1.

Case specific (i.]QPWS Eurong site ori Q 3 FeWdw on technology options, site constraints and
opportunities, current and future demand scenarios, demand efficiency and shifting options.

LYLINR @SYSy (G drabteriedliénce dhkoiigh Sdlar and energy storage mix (battery and
hydrogen).

Reliability analysis of the conversion to renewable energy generation and storage.
Hydrogen generation and energy storage solutions for building base loads and future vehicle fleet.

Battery storage solutions for base load and instantaneous power consumption.

16
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6. Investigation of energy consumption optimisation opportunities for effective use of the renewable
installation.

7. Economic consideration (i.e. LCD& solutions proposed to ensure on viable solutions selected.

8. Environmental analysis including emissions.

9. Reducing environmental risks framse offossil fuels andeducingfire risk.
5.2 ResearclOutcome
The project delivesa technical report for the Eurong site 0Q 3 indNu#ling, but not limited to the following
contents:

I Case study current and future situational context review, covering review of generation and storage

6.1

a ~ w0 D

technology options, site constraints, current and future demand scenarios, demand efficiency and
shifting options, potential electric/hydrogen transport éieusage and options, renewable resource
generation.

Island offgrid renewable energy system supply/demand modelling considering various scenarios
includnga particular focus on reliability modelling.

Hydrogen augmentation feasibility assessment for selected purposes (i.e. transport fuels andfor long
term storage).

Economic (i.e. LCOENd environmental (e.greenhousegas GHG) modelling for various scenarios
considered, to ensure thdioth economically and environmentally suitable options are considered for
design.

Conclusions and recommendations.

Research Plan

Research Questio

What are the requirements and expectations of the QPWS and the site operators in terms of the system
performance?

What are the OPEX¥ind CAPEXmplications of various solutions?
What are the most suitable energy storage options for the site?
Howcana viable offgrid renewable energy solutidre providel at a feasibld COE?

What measures can be implemented to optimise the system?

! Levelized Cost of Electricity
2 Operating expenditures
3 Capital expenditures

17
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6.

6.2

How can the installation be integrated at the site, minimise the environmental impactvithin an
environmentallyprotected area?

Research Method / Approach

The following processasadopted to addresghe research objectives:

)l

Stagel! 2y RdzOG | O2YLINBKSYyaAgdS NBGASs 2F ak€ o NBRS &
and otherassessments andievelop a practical approach, which provides insights to islanded grids and
provide guidance to implement optimisation measures.

Stage 2Complete a review of the current and future situational context of the site. This revieweazbver
the following aspects: review of generation and storage technology options, site constraints, current
and future demand scenarios, demand efficiency and shifting options, electric/hydrogen transport
vehicle options and potential usage, renewable resogrereration.

Stage 3:Islanded offgrid renewable energy system supply/demand modelling considering various
scenarios. The modelling will be particularly focused on the supply, demand and storage features of the
renewable energy system and the reliability aspects. Economit¢. @OE) and environmental (e.g. GHG)
modellingto be completed for the various scenarios.

Stage 4:Hydrogen augmentation feasibility assessment for variend purposes (i.e. transport fuels
and longterm storage). This part of the study examihéhe technical and financial viability of
incorporating hydrogen energy storage into the design in the future to allow for greatertéonm
storage for the site (i.e. supply reliabilftyrther increased) and potentially supghydrogen fuel to local
vehicles frucks and 4x4 fleet). Economic (i.e. LCOE) and environmental (e.g. GHG) maddeliag
compkted for the various scenarios to ensure that viable solutions are recommended.

Stage 5Produce overall findings, conclusions, and recommendations.
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7 Eurongdte Overview
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Figure 1: Map of Australia pointing out K'gari and Eurong [3]

Figurel shows theEurong site and indicates the bargrite from InskipPointon theY I A y f | y Rwhigh2 Y Q =
is used to transport the diesel fuel to the base.
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Figure 2: Map showing the position of the Eurong QPWS site including building overview [3]

Figure 3 provides an overview of the 33 buildings on site: Building 1 houses the QPWS administration office;
Buildings 2 to 14 are designated for staff accommodation; Building 15 serves as a workshop; Buildings 16 to 19
are used by the police; and Buildigg is the Telstra network communication tower
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Building Infrastructure Description
Number
1 QPWS Office
2 Senior Ranger House
(AST0017734)
3 Forestry Barracks
(AST0017751)
4 QPWS Duplex South
(AST0017737)
5 QPWS Duplex North
(AST0017737)
6 Four Bed Barracks
(AST0017732)
7 House 1
(ASTO017744)
8 House 2
(ASTO017747)
9 House 3
(ASTO017745)
10 House 4
(ASTO017746)
11 House 5
(AST0017750)
12 House 6
(ASTO017749)
13 House 7
(ASTO017752)
14 Workshop Barracks
(ASTO017748)
15 Workshop
16 Police Station
17 Police House
18 Police Duplex 1
19 Police Duplex 2
20 Telstra Shed
21 Communal Point
22 Staff Car Shed South
23 Garden Shed
24 Staff Car Shed North
Map showing QPWS building numbers (coloured frame) and 25 NRM Shed
possible location area for centralised solar installation (white 26 Carport
frame) [4] 27 Hoist Shed
28 Washdown Area
29 Bore Pump Room
30 Fuel Bowser
31 Generator Shed
32 Fire Shed
33 Chem Shed

Figure 3: Map showing QPWS building numbers and possible location area for centralised solar
installation
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8 Load Analysis

This section analyses the electrical load profiles of 30 connected buiekoydingBuilding 28(vehicle wash
down ared andbuilding30 (fuel bowse} within a specific scenario. The analysisdise primary datasets:

1 Equipment Data:An inventory of all electrical equipment in each building, including rated power,
quantity, operating hours, duty cycle, and load fastor

1 Generator Data:Timeseries data of the total power output from two generators supplying the
buildings.

The objectivevas to estimate the individual load profiles of each building and compare these estimates to the
total generated power. This comparison helps assess the accuracy of the estimation method and identify
potential discrepancies or areas for improvement. Thisrimftion is crucial for capacity planning, energy
management, and potential cost optigaition. Furthermore, the load analysissused for the other scenarios.

8.1  Data Preparation and Exploration

This section focuses on the processes of data preparation and exploration, which are critical steps in any data
analysis workflow.

8.2 Data Loading and Cleaning

The data was loaded from two sources: one detailing equipment specifications across all buildings (Building 1D,
Equipment ID, type, description, power rating, quantity, usage, and manufacturer details) and another
containing timeseries data of generatorgwer output (Generator 1, Generator 2). Buildings 28 and 30 were
excluded. Missing values in the operating hours of the equipment data were handled using median imputation.
Specifically, the median operating hours of known values were used for each paitdirequipment type to fill

in any missing entries. This approach preserves the central tendency of the data while avoiding introducing bias
from outbreaks.

8.3 Equipment Data Summary

A table which summarises the connected lo&tlV) by equipment type for each building can be found in
Appendix25.2 The total estimated daily energy consumption is as follows:

Table 2: Total estimated daily energy consumption per building

Building Number Estimated Daily Energy Consumption (kWh)

70.80
19.44
10.50

9.24
12.65
14.40
12.32

9.38

0o N o oA~ W N P
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9 9.43
10 12.04
11 8.06
12 14.25
13 16.03
14 6.38
15 2.89
16 115.05
17 41.45
18 27.08
19 27.08
20 16.56
21 0.91
22 0.23
23 1.79
24 0.23
25 1.02
26 0.62
27 1.25
29 0.53
31 0.32
32 1.93
TOTAL 463.86

Observations from Equipment Dg#:

Significant variation in total connected load and estimated daily energy consumption exists across buildings. This
highlights the diverse nature of the buildings and their functions. Some observations can be made from the table
above and in the appendix:

Building 16:Has a very high estimated daily energy consumption of 1118/@% This is due to the presence of
4 air conditioning units with a combined load of 27I&V, which is a major consumer to the overall energy use.

Building 21:Uses only 0.9kWh per day. This building has a helipad LED flood light and a water pump. The low
energy use suggests infrequent use of these specific pieces of equipment.

Buildings 22 and 24Have very low energy consumption (0.R®h/day each) and only have a single 4FT
Weatherproof Single Fluoro light, indicating these are likely small buildings with minimal electrical loads.

Building 1:The 'Data Rack' with akkW connected load contributes to this building's higher energy use. This
building also has a substantial AC load (&W&from 'Air Con' and 0.88W from 'Air Con 3.6W Reverse Cycle"),
contributing to its 70.8&Wh daily consumption.
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Building 27:The 'Car Lift' has a substantial &%/ load, significantly impacting the building's overall energy
consumption.

When analysing these buildings, it is crucial to assess the necessity and efficiency of the specialised equipment
and consider potential upgrades or alternatives for improved energy performance. Furthermore, AC usage could
be optimised, and alternative éffient passive cooling solutions could be explored to reduce energy
consumption.

8.4  Generator Data Exploration

The generator data has been provided by QPWS and only contains the month of Qti2#exhich restricted
the analysis significantly. However, the data of tisegies of the total power generated could be extracted and
showed the following descriptive statistics:

1 Mean:15.03kW
1 Median: 14.39kW
1 Standard Deviation3.69kW
T Minimum: 8.85kW
1  Maximum: 26.14kW
1 25th Percentile12.08kW
1

75th Percentilel7.71kW

Total Generation Over Time
28 T T T T

24
2 | | If
‘

20 ) “ . | [ | | /

Load (kW)
®
T
1

Oct 03 Oct 10 Oct 17 Oct 24 Oct 31

Figure 4:Total Generation Over Time Plot

Plot Interpretation: The "Total Generation Over Time" plot visually represents the total load fluctuations. It is
observed that the load generally increases during the day and decreases at night. This pattern is consistent
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throughout the month of October, as shown in the graph. This common pattern is often related to increased
activity and equipment use during daylight hours.

It is crucial to look for patterns such as specific peaks which are visualised in Ag@gBdixmore detail and
can be summarised to:

Table 3: Max and min peak load values

Value (kW) Time
Global
Max 29.9 29/10/2024 19:02
Global
Min 10.6 18/10/2024 1:02

1 Global Maximum (29.88&W, 29-Oct-2024 19:02)This peak occurs in the evening, suggesting high usage
of lighting and possible equipment like air conditioning, cooking appliances, or specialised equipment in
some buildings.

1 Peak 1 (26.14W, 31-Oct-2024 13:02)This midday peak could be related to high air conditioning use if
the weather was hot on this day.

1 Peak 4 (28.8kW, 30-0ct-2024 18:02):This early evening peak might be a combination of factors,
including lighting, air conditioning, and potentially increased activity in certain buildings.

1 Global Minimum (10.6kW, 180ct-2024 01:02)This low point in the early morning hours is expected
due to reduced activity and minimal equipment usage.

Total Generation Load Duration Curve
T

Load (kW)

Figure 5: Total Generation Load Duration Curve

The following can be interpreted from the above curvé&igure5:

1 General TrendThe curve slopes downwards from left to right, which is typical for a load duration curve.
This indicates that higher loads occur less frequently, while lower loads are more common.
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1 Specific Load Levels:

o Load exceeding 2kW: Following the curve to where it intersects the ¥ load level, and then
looking down at the corresponding hours on thexs, it seems the load exceeds AN for
approximately 10% of the time. This suggests that whil&\&0br higher loads do occur, they
are not the norm.

o Load exceeding 18W: The load exceeds 18V for about 30% of the time. This shows that a
significant portion of the time, the load is in this nrighge.

o BaseloadThe flattest part of the curve towards the right represents the baseload, which is the
load that is almost always present. In this case, the baseload appears to be arokwd, 10
consistent with what we observed in the "Total Generation Over Time" plbtgare4:Total
Generation Over TimBbt Figure4.

8.5 Load Profile Estimation
The load profile estimation uses a tojpwn approach:

1. Allocation FactorsThe total estimated daily energy consumption éarch buildingcalculated from the
equipment data) is used to determine its proportion of ttweal daily energy consumption across all
buildings. This proportion is the building's allocation factor.

2. Time-of-Use (TOU) AdjustmentA simplified TOU factor is applied. This simplifies; a more accurate
model would incorporate buildingpecific TOU schedules.

3. Load AllocationAt each timestamp in the generator data, the total generator load is multiplied by each
building's allocation factor. This gives a preliminary estimate of each building's load at that time.

4. TOU ApplicationThe preliminary load estimate for each building is then multiplied by the TOU factor
for the corresponding hour.
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8.6  LoadProfile AnalysisResults

Estimated Load Profiles for each building

Figure 6: Estimated Load Profiles for  Each Building

Plot Interpretation: This plot shows the estimated load profile for each building over time. Here are some key
observations:

71 BuildingSpecific Patterns:Different buildings show distinct load shapes, reflecting their varied
functions and equipment.

o Consistently High Load®uilding 16 stands out with a consistently high load compared to
others. This aligns with the earlier data showing its high energy consumption due to multiple air
conditioning units.

o Consistently Low LoadS§everal buildings, like 21, 22, 24, 28, and 30, maintain consistently low
loads throughout the period. This suggests minimal activity and few electrical loads in these
buildings.

o Significant PeaksBuildings 1, 2, 17, and 18 exhibit noticeable peaks at various times. These
peaks likely correspond to the use of higlad equipment like air conditioners, as seen in the
equipment data.

o Variable LoadsBuildings such as 3, 4, and 5 have more dynamic load profiles with frequent
fluctuations. This indicates a more variable usage pattern of their equipment.

1 Analysis of TOU ImpacBased on the TOU data, the peak hours are between 6 AM and 6 PM.

o The TOU factoris 1.2, indicating a 20% increase in electricity costs. Outside these hours, the TOU
factor is 1.

o The data shows that the 20% increase during peak hours is clearly visible.

o The load profiles for all buildings show a consistent increase in energy consumption during the
peak hours compared to the effeak hours.
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o This suggests that the TOU structure effectively refers users to shift their energy consumption
to off-peak hours.

For instance, Building 16, which has a high energy consumption due to multiple air conditioning units, shows a
significant increase in load during peak hours. This indicates that the air conditioning units are likely being used
more, which results in highérOU.

. Estimated Load Profiles for All Buildings
T
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Figure 7: Estimated Load Profiles for All Buildings Plot

Plot Interpretation: The stacked area plot represents how the individual building loads contribute to the total
estimated load, to identify major energy consumers. The following can be extracted from the above plot in
Figure7: Estimated Load Profiles for All Buildirfyst:

1 Area Proportions: The relative size of each building's area within the stack corresponds to its
consumption to the total load at any given time. Larger areas mean higher energy consumption.

1 Major Consumers:

o Building 16:As we've seen in the previous daBilding 16 consistently occupies a significant
portion of the stacked area, confirming its status as a major energy consumer.

o Buildings 1, 2, 17 and 18hese buildings also show substantial areas at various times, indicating
their significant consumptions to the overall energy load.

1 Minor ConsumersBuildings with consistently small areas, such as 21, 22, 24, 28, and 30, are clearly the
minor energy consumers.

Load Variations Over Tim&his plot also reveals how the consumptions of different buildings change over time

1 Dynamic vs. StableBuilding 16, have relatively stable consumptions, while others, like Buildings 1 and
2, show more dynamic variations in their load proportions.

28



Sustainable

Built Environment

National Research Centre Green energy and decarbonisation transition of the built environment

1 Peak TimesBy observing when certain buildings' areas expand within the stack, it is evident the times
when they contribute most significantly to the overall load. For example, Building 16's larger area during
peak hours likely reflects increased air conditioningges

Comparison of Total Generator Load and Sum of Estimated Building Loads
T

Frsnosoe=

Load (kW)

— Tutdl Gunerstor Losd
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Figure 8: Comparison of Total Generator Load and Sum of Estimated Building Loads

Plot Interpretation: This is aritical plot. It directly compares the actual generated power (from the generator
data) with the sum of the estimated building loads. Ideally, these two lines should be very close. Discrepancies
indicate:

1 Underestimation:If the estimated load is consistently lower than the generated load, it suggests that
some loads are not accounted for in the equipment data, or that the operating hours, duty cycles, or
load factors are underestimated.

1 Overestimation: If the estimated load is consistently higher, it could indicate overestimation of
equipment usage.

1 Timing MismatchesDifferences that fluctuate may indicate that the simplified TOU factors don't
accurately capture the real timing of load variations.
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Difference Between Total Generated Load and Sum of Estimated Building Loads
T T T

T I arrTTraTrimTmTTr

Oct 10 Oct 17 Oct 24
Time
Figure 9: Difference Between Total Generated Load and Sum of Estimated Building Loads

Plot Interpretation: This plot highlights the magnitude and direction of the discrepancies. A horizontal line at
zero represents perfect agreement. Positive values indicate underestimation and negative values indicate
overestimation.
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Figure 11: Base Load and Time -Varying Peak Load

Plot Interpretation: This plot helps visually separate and analyse the consumptions from base load and time
varying peak load, aiding in understanding load composition and identifying potential areas for energy
management.

Load Metrics:

1 Base Load10.57kW

1 Peak Load29.78kW

1 Average Loadi6.40kwW

1 Average Daily Energy Consumptid384.19kWh/day
8.7  Conclusion of thdoad Profile Estimation
The load profile estimation provides valuable insights into the energy consumption patterns of the connected
buildings.

1 The load profile estimation provides valuable insights into the energy consumption patterns of the

connected buildings. The comparison of estimated and actual loads reveals that the estimated load
consistently underestimates the actual generated load, ipatarly during peak hours between 6 AM

and 6 PM. This suggests that some loads are not accounted for in the equipment data or that the
allocation factors may not perfectly capture the actual load distribution.

Building 16 is the most significant consumer to the overall load, primarily due to its multiple air
conditioning units. Other significant consumers include Buildings 1, 2, 17, and 18, which also exhibit
noticeable peaks at various times, likely correspagdp the use of highoad equipment.
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1 Despite underestimating during peak hours, the estimated and actual loads track each other relatively
well overall, indicating that the allocation factors and TOU adjustment provide a reasonable
approximation. However, the discrepancies during peak hoarsamt further investigation to improve
the accuracy of the load estimation. This could involve refining the allocation factors, collecting more
detailed equipment data, or exploring other factors that might influence the load during those periods.

9 Extension of Load Curve for the Entire Year

This section deals with extending an hourly load curve for a locatiovi O QUéddnsland, Australia, from a
one-month sample (October 2024) to a full year (January 1, 2024, to December 31, 2024). The objective was to
create a representative annual load profile for energy system modelling and capacity planning. Due to the lack
of readily available, lonterm, granular load data specific to the site, a scaling factor approach was employed,
utilizing publicly available data from the Australian Energy Matkmrator (AEMO).

The load curve extension was performed using the following steps:

9.1 Data Acquisition

The October data used in this report was derived from a combination ofwedd measurements and
simulation, leveraging the following sources:

1 Measured Data (eGaugeyVe utilised an eGauge measurements file provided to us. This file contains
actual energy consumption data collected from generator 1 and generator 2.

1 Site Energy Audit Equipment Lide referenced the equipment list provided in the site energy audit.
This list detailed the major energypnsuming equipment present at the site. This information was
crucial for understanding the composition of the overall load.

1 Simulation with TOU Structurefhe eGauge data, representing a portion of the total load, was used as
a basis for simulating the complete load curve for the month of October. TOU loading structure was
considered, to model how energy consumption patterns would likely vary throughoutathand night.

The equipment list from the energy audit informed the scaling and shaping of the load profile, allowing
us to estimate the consumption of equipment not directly metered by the eGauge. Essentially, we used
the profile shape of the eGauge data, combined with knowledge of the other equipment, to create a

full-building profile.

1 Monthly Demand Data (AEMOMonthly aggregated operational demand data for the Queensland
region (QLD1) was obtained from AEMO's Market Data pofal. Specifically, the
TRADING REGIONSUM table was utilised to get the total operational demand for each month of 2024.
The average operational demand was chosen as it represents the total electricity drawn from the
external sources, providing the best avallaproxy for overall consumption patterns.
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9.2 Data Preprocessing

The raw October data was ppFocessed to create a complete hourly profile for October 1st, 00:00 to October
31st, 23:00.

1 Data points from September 30th were discarded.

1 Missing data points for October 31st (15:00 to 23:00) were estimated using interpolation. The mean
hourly load for each hour from 15:00 to 23:00 across all days in October was calculated and used to fill
the missing values. This approach captures the & pirnal pattern within the available October data.

9.3  Calculation of Monthly Scaling Factors
The monthly operational demand data from AEMO was used to calculate scaling factors relative to October.

1 For each month, the total operational demand (in MWh) was divided by the total operational demand
for October (in MWh). This provides a dimensionless scaling factor representing the relative energy
consumption of each month compared to October.

f  The formula used wag A A IRRTA@TT O OE

9.4  Load Curve Extension
The preprocessed October hourly load curve was used as the base profile.

For each month of 2024, the corresponding scaling factor was applied to each hour of the October profile. This
was achieved by repeating the October profile's hourly shape and scaling its magnitude according to the monthly
factor.

1 The process effectively creates an estimated yearly profile of the load consumption, adjusting its
amplitude for each month based on the calculated scaling factors.

1 The final extended load profile covers the period from January 1, 2024, 00:02 to December 31, 2024,
24:00. The additional hour was generated by repeating the values.

9.5 ResultsScaledConsumptionData

The following table presents the average monthly demand and the calculated scaling factors:

Table 4: Scaled consumption data

Average Scaling Scaling
Solar Demand (MW) | Factors Factors
(Precise) (Rounded)
January 7075.273 1.258097837 1.258
February 7021.816 1.248592318 1.2485
March 6525.847 1.160401018 1.1604
April 6091.538 1.083173862 1.0831

May 5975.042 1.062458991 1.0624
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June 6094.445 1.083690773 1.0836
July 6108.991 1.086277287 1.0862
August 5832.149 1.037050307 1.037
September = 5514.659 0.980595457 0.9805
October 5623.786 1 1
November = 6210.053 1.104247743 1.1042
December  6593.761 1.172477224 1.1724

9.6 Discussion

The scaling factor approach provides a reasonable approximation of the annual load profile for the site,
leveraging the best available supplementary regional data from AEBIOThe scaling factors reflect the
expected seasonal variations in electricity demand in Queensland, driven primarily by:

1 Climate: Higher demand in summer (DecembBebruary) due to air conditioning use and lower demand
in winter (JuneAugust).

1 Tourism: Peak tourism seasons ¥mQ 3likeNJdcoincide with periods of higher statdde demand,
particularly during school holidays and warmer months.

9.7 Limitations

1 Data Granularity: The primary limitation is the reliance on Queenslidd data as a proxy fof Q3 I NA
Local factors, such as specific events or variations in microclimates, are not explicitly captured.

1 Behindthe-Meter Generation: The AEMO data reflects *operational demand*, which is net of any
behindthe-meter solar generation. Differences in solar penetration rates betw¥e JdndiNihe
Queensland average could introduce inaccuracies.

9.8 Conclusion

The resulting load curves with detailed visualisation are in the App@3déxwhich provides valuable input for
energy system analysis and site planning. While limitations exist due to the use of regional data, the approach
offers a practical estimation solution in the absence of more granular local data. The methodology igrgatsp
reproducible, and can be refined as more detailed data becomes available.

10 Hot Water

The current hot water system relies on gas to produce hot water. There are 15 instant gas hot water heater
which will need replacing due to regulation changes, which will also prevent the implementation of traditional
electric water heaterThe employment of a decentralised hot water syst@mheat pumpseplacing the current
instant gas water heaters was considered at a total demand &M¥d, as they can be supplied dirgcby the

solar PV installation. Furthermore, heat pumps have lilghestgrade d efficiencyin comparison to other
electrical hot water systems and thus the system can be optimiséd power consumion.
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11 PV andStorage System Scenarios

11.1 Description of Scenarios

The investigation uses solar power, aiming at eliminating greenhouse gas emissions through diesel combustion
by generators.

Four scenarios wereonsideredbased on a PV system utilising solar panels to harvest energy and inverters to
generate AC from the delivered DC. These four scenarios vary from using battery storage only to using hydrogen
only as energy storage for the Eurong site demand:

1. 100% battery storage

2. 50% battery storage, 50% hydrogen storage

3. Battery storage for peak loads, hydrogen storage for baseload
4. 100% hydrogen storage

Additionally, the feasibility and impact of the application af 3 hydrogen 4x4 utility vehicles, as discussed, has
beenconsideredseparately Figurel2 below illustrates a simplified set up for the mixed hydrogen and battery
storage as well as hydrogen vehicle use. A more detailed flow chart of the system can be found in the appendix.
The flow chart includes supply times in hours h, and assembly effiegen¢ as well as the site demand
determined by the energy audit incorporating the energy demand of heat pumps.

10h

10h 14 h 441 kWh/d
Battery ——

B
<

n~0.9 \ Site
10h
14 h
H, storage Fuel Cell
n~0.5 | n~0.6
|
|
0.5h
Ul @l)
“o—o
vehicle
Figure 12: Simplified flow chart of the power supply system including battery and hydrogen storage as

well as vehicle application

For the first scenario, a traditional approach of utilising battery storage only was chosen. This would minimise
the diversity of the required system components, as no additional assemblies for the hydrogen production,
storage and power generation are nasary. When integrating hydrogen vehicles to the system, the scenario
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changes, since hydrogen generation and storage facilities need to be included. These include a water purification
aeadsSy G2 OKAS@S !'{¢ca ¢&LIS ™ g -Gn) Mat feelds dn/eléciolygeR S A 2
The hydrogen then needs to be storagda pressurised container (100 bar). From there a fuel cell is employed

to generate electricity. For the usage in vehicle, a refuelling station is necessary to compress the hydrogen to
700 bar vehicle tank pressure. As a result, the hydrogen storagemigea solution with more parts compared

to a battery storage solution.

When using hydrogen as an additional storage for the Eurong site, hydrogen production, storage and power
generation must be considered. A scenario, where the battery storage is used for peak load, and the hydrogen
storage covers the baseload was establdlees batteries are capable of following the load change immediately,
while producing electricity from hydrogen requires the reaction of oxygen and hydrogen in a fuel cell which
leads to a delay in power delivery as the fuel cell takes approximatelyatull power generation. Therefore,

a delay in power delivery is expected for the usage of a 100% hydrogen storage system. An additional battery
bank would need to be implemented to overcome the inertia of the reaction time of the fuel cell. The battery
storage for peak load and hydrogen storage for base load scenario delivers approximately 30% of the Eurong
site from battery storage and 70% from the hydrogen storage demand. These values were determined from the
load analysis of the energy audit. Furtherrapa 50% battery and 50% hydrogen storage scenario was used to
understand the feasibility of the hybrid system.

As a fully centralised PV panel system is not implementable because the number of PV panels exceeds the roof
area, two options are available for all four scenarios:

1. A centralised PV system using a trenched area close to the Eurong site.

2. Adecentralised system, where the roof tops of the building are used for PV panels, reducing the required
ground area.

The decentralised option would require individual battery banks for each building and the ground mounted PV
panels, while for the centralised option one large battery bank is sufficient. However, the hydrogen ssorage
centralisedin any scenariol he storage size is based on 44 h demand of the site, and vehicle consumption. This
includes the discussed 36(QPWS meeting N&®4); two nights and one dayand an additional 8 h to secure
reliable power supply on every day of the year. Furthermore, the shiod@g of the year was selected for the
determination of PV panels to reliably deliver sufficient power throughout the ,yaensureworst case
scenario andherewith ensure thereliability of the systemlIt was assumed that half of the site demand is
consumed art day light times. During the shortest day of the year 10 h of sun and 14 h without sun are recorded
by BOM. As a result, the number of PV panels must deliver the energy to provide the poweisvagiotanded

by the site during notsun hours. Thisnergy is stored as electrical power in a battery storage, or as chemical
energy in a hydrogen storage. As a convention, when adayagogenvehicles to the system, the required
hydrogen for refilling also must be produced during the 10 h of sunlight.
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11.2 Initial Power Estimation

Toinvestigate the feasibility of the four scenarios to cover the site daily power consumption, an initial estimate
of the required power for each storage scenario was conducted based on the system efficiencies. Here, the
battery storage to overcome the hyolgen production inertia was neglected. As shown below, the percentage
input power Pin to the storage system increases with the share of hydrogen storage.

I:)in=1 A I:)out 100% Pout
Battery

Pin=2.2P, | 50% H,+50% | Pout
Battery

*neglecting FC start-up time

I:)in= 2.7 Pout Base H, + Pout
Peak Battery

*neglecting FC start-up time

I:’in= 33 I:’out 100% Pout
Hydrogen

*neglecting FC start-up time

Figure 13: Estimation of in power input P i, dependent on the power output P o for different scenarios

The comparison suggests that the feasibility of the system reduces with increasing hydrogen share. Therefore,
the scenarios were examined in the order, presenteBigurel3
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12  Descriptionof the 100% Battery Sorage Scenario

Figurel4below shows the flow chart of the scenario using 100% battery storage. The supply chains from the PV
system to the site and to the battery storage were calculated assuming that half of the demarki{BRdre

during sunlight hours (10 h), while the other half is needed at night (14 h). Therefore, the PV system must
generate 24.%Wwithin 10 h of sunlight to provide for the demand (22/#h) over night (14 h).

22.1kWx10h
46.6 KWx 10 h 24.5kWx10h |17%° 14 h Site
> PV » Battery ——mm
- Demand
. 441 kWh/d

Figure 14: 100% Battery storage scenario showing the required power flow from the PV system to cover

the site demand

Overall, the PV system needs to supply 48\over 10 h daily to successfully provide the required power to
the site on the shortest day of the ye@onsideringhe 44h storage requirement, a battery size of approximately
1.5 MW needs to be implemented. According to the required power flows, a simulation was conducted to
determine the number of required solar panels and exact battery storage size.

13 DeCentralised Solar Generation Profile Estimation for All Buildings

This section details the process and results of estimating the solar power generation profile for a set of 32
buildings located a¥ Q HAlhtiN#ie-25.504 deg and longitude 153.128 d8f). The goal is to calculate the hourly
solar power output for each building and the total output across all buildings for an entire year. This information
is crucial for understanding the potential of solar energy at this location, assessing the impsasohal
variations, and informing decisions related to energy management, and potential energy storage needs.

The estimation process involves several key steps, combining solar panel specifications, building installation
data, detailed weather data, and established solar energy calculation models.
13.1 Data Acquisition
The following data were collected for this analysis:
Solar Panel Specificatiori6]: Data for a single panel model was used. This included:
1 Nominal Power (Pmax): 357 W
1 Open Circuit Voltage (Voc): 40.41 V
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Short Circuit Current (Isc): 11.49 A

Current at Maximum Power Point (Imp): 10.79 A
Voltage at Maximum Power Point (Vmp): 33.1 V
Nominal Operating Cell Temperature (NOCT): 45 °C
Temperature Coefficient of Pma%.3 %/°C

Panel Dimensions: 1903mm x 1134mm x 30mm
Panel Efficiency: 22.01%

Panel Degradation Rate: 0.4%/year

Source: Solar Panel Datasheet

Building and Installation Data:

)l

1
1
1
1
1
1
1

Number of Buildings: 32 (some buildings had multiple entries, which were combined)
Latitude:-25.504 degrees

Longitude: 153.128 degrees

Number of Panels per Building: Varied (see Table 1 below)

Panel Tilt Angle: O degrees (horizontal)

Panel Azimuth Anglei80 degrees (soutfacing in the Southern Hemisphere)

Roof Type: Flat

Source: Building Plans and Site Survey using OpenStreet maps and Good# Earth

Table 5: Solar PV panel allocation per building

Number of Panels per Building
Building Total no of panels

36
18
3

12

14
18
18
21

© © 0 N o ok~ W NDN P

[N
o

21
21
18

il
N
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13 12
14 8
15 40
15 27
16 30
17 40
18 18
19 18
20
22
23 18
23
24
25 6
26 48
27 8
28 1
29 4
30 4
31 4
32 4
32 6
33 12

Weather Data:Hourly data for a full 2024 year (8760 hours) was obtained from the NSRDB (National Solar
Radiation Databasg’]). This included:

1 Global Horizontal Irradiance (GHI) (W/m?)
1 Direct Normal Irradiance (DNI) (W/m?)
1 Diffuse Horizontal Irradiance (DHI) (W/m?)
1 Ambient Temperature (Tamb) (°C)
1 Wind Speed (m/s)
1 Surface Albedo
1 Source: NSRDB
Loss FactorsFhe following loss factors were estimated to account for various inefficiencies in the system:
1 Soiling Loss: 5%
1 Shading Loss: 6%
 Mismatch Loss: 4%
1 Wiring Loss: 1%
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 Inverter Loss: 5%

1 Source: Industry Standard Estimates and Assessment

13.2 Calculations oDe-Centralised Solar PVhstallation Output
An hourly solar power output calculation analysis was undertaken, by applying the followipgrieeters

1. Hourly weather data, used for calculating the solar power output for each building and the total output
for each hour of the year.

2. Solar Position Calculation: For each hour, the solar zenith and azimuth angles were calculated using
standard solar position algorithmspnsideringthe latitude, longitude, date, and time (including the
time zone offset).

3. Angle of Incidence (AQOI) Calculation: The angle between the sun's rays and the normal vector of the
solar panels was calculated. Since the panels are horizontal (tilt = 0), the AOI is equal to the solar zenith
angle during the day and is set to 90 degrdasng the night.

4. Plane of Array (POA) Irradiance Calculation: The total solar irradiance incident on the tilted panel surface
(POA) was calculated. This involves:

9 Direct Component: "'DNI * cos(AOI)

9 Diffuse Component: A simplified isotropic sky model was used: "DHI * (1 + cos(tilt)) / 2°.
1 GroundReflected Component: "GHI * albedo *-(dos(tilt)) / 2°

i Total POA: Sum of the direct, diffuse, and groteftected components.

5. Cell Temperature Calculation: The temperature of the solar cells was estimated using thd&@qT
model:

6. "Tcell=Tamb + (POA/800) * (NGEQ) * (1- panel_efficiency * (X temp_coeff Pmax)

7. Power Output Calculation: The power output per panel was calculated, accounting for temperature
derating: "Pout = Pmax * (POA / 1000) * [1 + temp_coeff_Pmax * (REII

8. Any negative power output values (which can occur due to numerical artifacts at very low irradiance)
were set to zero.

9. BuildingLevel Output: The power output per panel was multiplied by the number of panels for each
building and then by the combined loss factor {dtal losses) to get the hourly output for each building.

10. Total Output: The hourly outputs for all buildings were summed to obtain the total hourly solar power
generation.

11. Yearly Output calculation: The hourly output was summed for the entire year, and divided by 1000 to
express the result ikWh.
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13.3 Yearly Output per Building

The plot below shows the calculated yearly solar power output for each building.
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Figure 15: Estimated annual solar PV output per building
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Figure 16: Estimated monthly solar PV output all buildings
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Energy Production (kWh

01-Oct-2024 01-Jan-2025

Figure 17: Estimated annual solar PV output all buildings, daily values considered

13.4 Discussion oDe-Centralised Solar PVhstallation Output

The results show a significant variation in solar power output throughout the year, primarily due to solar

irradiance and ambient temperature changes. The daily power output plot clearly demonstrates the seasonal
variations, with higher output during theummer and lower output during the winter months. The hourly plot

for all buildings illustrates the typical daily solar power generation curve, with peak output around midday and

zero output at night.

The calculated total yearly output provides an estimate of the total solar energy that the installed panels can
generate. This value is used for:

)l

1
1
1

Evaluating the economic viability of the solar installation.
Optimisng energy consumption patterns.
Determining the need for energy storage.

Assessing the contribution of solar energy to the overall energy mix.

13.5 Limitations

The following limitations need to be acknowledged:

1

Simplified Models: The calculations used simplified models for diffuse irradiance and cell temperature.
More sophisticated models (e.g., the Perez model for diffuse irradiance) could improve accuracy.

Shading: The analysis account for uniform shading on all panels from nearby objects (trees, buildings,
etc.). A detailed shading analysis would be necessary for a more precise estimate.
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I Loss Factor Estimates: The loss factors used were estimates. More accurate measurements or site
specific assessments would improve the accuracy of the results.

1 No Inverter Clipping: The model does not consider situations in which DC production exceeds the
inverter's capacity.

14  Solar Generation and Load Analysis: Building $lifficiency
Assessment

This section summaes the annual solar energy generation and electrical load for 31 buildings, assessing their
selfsufficiency in terms of energy production. The analysis aims to determine the extent to which each building's
solar generation can meet its annual energy dechafhe analysis covers 31 buildings, identified by their unique
Building IDs. Data is presented on an annual basis, summarizing total solar generation and load irialowatt
(kWh). The analysis utilizes data processed in MATLABpaxing annual solar generation with annual load to
classify each building as either 'S8iifficient' or 'Deficient’ based on whether solar generation exceeds or falls
short of load, respectively.

14.1 Data Summary

Data Source:

1 Annual solar generation data (TotalAnnualSdtavh) is derived from simulated and measured solar
panel output for each building.

1 Annual load data (TotalAnnualLoddVh) is derived from historical building energy consumption
models.

1 Average hourly load (AverageHourlyLokdh) is calculated by dividing the TotalAnnualLdath by
the number of hours in a year (8760).

14.2 Applied Method

1 Data Preparation: Building IDs were mapped, and daily solar output was calculated by aggregating
hourly data. Daily and hourly load profiles were generated by scaling October's load data with monthly
scaling factors and distributing it across the yeare Tad profiles ' missing data points (NaNs) were
handled using linear interpolation.

1 Load and Solar Generation Analysis: Daily load and solar generation were plotted against time for each
building. The total load and generation across all buildings were also visualised.

1 Selfsufficiency assessment: Annual solar generation and load were calculated for each building.
Buildings were classified as "ssiffficient" if their annual solar generation equated or exceeded their
annual load; otherwise, they were classified as "®efit."

1 Additional Panel Estimation: An estimate of the additional solar panels required to achieve self
sufficiency for each deficient building was calculated. This estimation is based on the energy deficit and
a simplified assumption about the additional enegpnerated per panel.

45



p Sustainable
Built Environment

National Research Centre Green energy and decarbonisation transition of the built environment

14.3 Results

The following table summarises the annual solar generation, annual load, average hourly loadffisghcy status,

energy deficit, and estimated additional panels required for each building

Table 6: Annual solar generation (kwWh), total annual load (kWh), hourly load (kWh), energy deficit (kwh )
and additional solar panels required for all buildings
Annual Solar Total Annual Average Hourly Self Energy Additional
Building | generation (kWh) Load (kwWh) Load (kWh) Sufficiency Deficit (kwWh) Panels

6635.8 24426 2.7818 Deficient 17791 0
2 3870.9 6706.4 0.76377 Deficient 2835.5 0
3 2211.9 3621.8 0.41247 Deficient 1409.8 0
4 1106 3186.1 0.36286 Deficient 2080.2 0
5 1106 4363.9 0.49699 Deficient 3257.9 0
6 2580.6 4969.1 0.56592 Deficient 2388.6 0
7 3317.9 4251 0.48414 Deficient 933.13 0
8 3317.9 3235.9 0.36853 Self-Sufficient 0 0
9 4608.2 3253.6 0.37054 Self-Sufficient 0 0
10 3870.9 4155.2 0.47323 Deficient 284.35 0
11 3870.9 2782.2 0.31686 Self-Sufficient 0 0
12 3317.9 4916 0.55987 Deficient 1598.1 1
13 2211.9 5529.9 0.62978 Deficient 3317.9 20
14 1474.6 2200.7 0.25064 Deficient 726.13 5
15 12350 997.15 0.11356 Self-Sufficient 0 0

16 5529.8 39691 4.5203 Deficient 34161 200
17 7373.1 14300 1.6286 Deficient 6926.9 41
18 3317.9 9343.9 1.0642 Deficient 6026 36
19 3317.9 9343.9 1.0642 Deficient 6026 36
20 184.33 5714.8 0.65085 Deficient 5530.5 33
22 1658.9 314.64 0.03583 Self-Sufficient 0 0
23 4055.2 78.245 0.00891 Self-Sufficient 0 0
24 1658.9 616.44 0.07021 Self-Sufficient 0 0
25 1106 78.245 0.00891 Self-Sufficient 0 0
26 8847.7 350.52 0.03992 Self-Sufficient 0 0
27 1474.6 214.73 0.02446 Self-Sufficient 0 0
28 184.33 432.38 0.04924 Deficient 248.05 2
29 737.31 0 0 Self-Sufficient 0 0
30 737.31 182.57 0.02079 Self-Sufficient 0 0
31 737.31 0 0 Self-Sufficient 0 0
32 1843.3 111.16 0.01266 Self-Sufficient 0 0
33 2211.9 664.36 0.07566 Self-Sufficient 0 0

Additional centralised PV panels required: 374
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14.4 Key Findings
1 CQut of the 33 buildings are sedufficient in terms of annual solar generation and load.

1 The total estimated additional centralised panels required for all deficient buildings is 374 with
redistribution of excess energy.

1 Building 16 exhibits a significantly high load compared to its solar generation, requiring a large number
of additional panels.

145 Recommendations

1 Buildings classified as "Deficient” need to be supplemented by a centralised solar installation to reach
sufficient power supply levels.

1 The accuracy of the load profiles depends on the representativeness of the load data and the scaling
factors used. More granular load data would improve the accuracy of the analysis.

14.6 Conclusion

This analysis provides a valuable overview of the buildings' solar generation and load characteristics with
detailed visualisation in Appendix The selkufficiency assessment and additional panel estimations offer
practical insights for improving energy management and promoting sustainable building practices. The
recommendations should be considered to enhance building energy performanceednder reliance on
external energy sources.

15  Battery Capacity Estimation Report

This section details the estimated battery capacity requirements for 33 buildings and an overall aggregated load,
considering a 44our backup duration, which covers one night of operation and 1.5 days, as determined in a
project meeting on the 05/11/2024)The calculations are based on average hourly consumption data and
considering inverter efficiency and practical battery sizing.

15.1 Applied Method

1 Energy Demand Calculation: For each building, the total energy required for the specified backup
duration (44 hours) was calculated by multiplying the average hourly consumption by the backup hours.

1 Full Battery Capacity Calculation: The 100% battery capacikyMin was determined by dividing the
total energy required by the usable battery capacity percentage (80% disch2@§e minimum charge
= 60%).

1 Battery Capacity in Ampeiigours (Ah): The battery capacity in Ah was calculated for three different
operating voltages (12V, 24V, and 48V) by converting the full battery capacitkWbro Wh and then
dividing by the respective voltage.

1 Inverter Efficiency Adjustment: The calculated battery capacities were adjusted to account for inverter
efficiency (95%). This involved dividing the Ah values by the inverter efficiency.
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1 Final Capacity Rounding: The adjusted battery capacities were rounded up to the nearest hundred Ah
to reflect practical battery availability and sizing conventions.

15.2 Results

The following table presents the estimated battery capacities in Ah for each building and the overall aggregated
load, considering the specifigzhrameters

Table 7: Estimated battery capacities (Ah) for  each building

Building Cap (Ah) | Cap (Ah)  Cap (Ah) | Finalised | Finalised Finalised
@ 12V @ 24V @ 48V Cap (Ah) | Cap (Ah) @ | Cap (Ah) @
@ 12V 24V 48V
1 17895 8947.3 4473.7 17900 9000 4500
2 4913.1 2456.6 1228.3 5000 2500 1300
3 2653.3 1326.7 663.33 2700 1400 700
4 2334.2 1167.1 583.55 2400 1200 600
5 3197 1598.5 799.25 3200 1600 800
6 3640.4 1820.2 910.11 3700 1900 1000
7 3114.4 1557.2 778.59 3200 1600 800
8 2370.7 1185.3 592.67 2400 1200 600
9 2383.6 1191.8 595.9 2400 1200 600
10 3044.2 1522.1 761.04 3100 1600 800
11 2038.3 1019.1 509.57 2100 1100 600
12 3601.5 1800.8 900.38 3700 1900 1000
13 4051.2 2025.6 1012.8 4100 2100 1100
14 1612.3 806.15 403.08 1700 900 500
15 730.5 365.25 182.63 800 400 200
16 29078 14539 7269.5 29100 14600 7300
17 10476 5238.2 2619.1 10500 5300 2700
18 6845.7 3422.9 17114 6900 3500 1800
19 6845.7 3422.9 17114 6900 3500 1800
20 4186.8 2093.4 1046.7 4200 2100 1100
21 230.5 115.25 57.626 300 200 100
22 57.324 28.662 14.331 100 100 100
23 451.61 225.81 112.9 500 300 200
24 57.324 28.662 14.331 100 100 100
25 256.8 128.4 64.199 300 200 100
26 157.31 78.656 39.328 200 100 100
27 316.76 158.38 79.19 400 200 100
28 0 0 0 0 0 0
29 133.76 66.878 33.439 200 100 100
30 0 0 0 0 0 0

w
=

81.439 40.719 20.36 100 100 100
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32 486.71 243.36 121.68 500 300 200
Overall 117040 58522 29261 117100 58600 29300

Key Observations

The table shows the battery capacity requirements for each building at different voltage levels. The
"Finalised Cap" columns represent practical battery sizes.

Building 16 has the highest battery capacity requirement due to its significantly higher average hourly
consumption.

The overall aggregated load (centralised case) requires a substantially larger battery capacity compared
to individual buildings (decentralised case).
Recommendations foBattery Sorage

The estimated battery capacities provide a basis for selecting appropriate battery systems for each
building, considering the desired backup duration and voltage.

It's crucial to consider factors such as battery type, lifespan, cost, and available space when making final
battery selection decisions.

For critical applications, it's recommended to incorporate redundancy and safety margins in the battery
system design.

Analysis of Building Loads

Analysis of Building Loads, Solar PV Generation, and Battery Performance for De
Centralised Installation

This section analyses the energy dynamics of 33 buildings, examining the interplay between load demand, solar
PV generation, and battery energy storage. The analysis aims to assess the effectiveness of the solar and battery
systems in meeting building loaénd to evaluate overall system performandee to the limited roof space on

each building, these values can be taken for all other scenarios, as additional PV panels need to beetadded
centralisedinstallation.

16.1
'ﬂ

Methodology

Data Preparation: Building IDs and corresponding battery capacities were compiled. Hourly solar
generation data (hourly_output) and scaled monthly load profiles based on October building loads
(octoberBuildingLoads) were used. Missing load data points watdressed through linear
interpolation.

Battery Simulation: A battery operation simulation was conducted for each building, tracking the state
of charge (SOC) over time. The simulation considered solar generation, load demand, and battery
charge/discharge dynamics, with constraints on minimuf%42 and maximum (80%) SOC limits.
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1 Performance Metrics: Key performance metrics were calculated for each building, including annual
energy deficiency/excess, seiffficiency status Boolear, and battery cycle counts. Additionally,
external sources import and export were tracked.

1 Systemwide Analysis: Overall system performance was assessed by aggregating metrics across all
buildings. This included total solar generation, load demand, battery charge/discharge, external sources
interactions, and systemwide selfsufficiency and selfonsumption ratios.

16.2 Results

Individual Building Performance (detailed visualisation can be found in Apg&gnéjx

Table 8: Annual energy deficiency or excess (kWh) per building

Buil ding | Annual Energy Deficiency/Excess ( kWh) gﬁlffficient
1 Deficiency = 17649.27 FALSE
2 Deficiency = 2862.64 FALSE
3 Deficiency = 1439.64 FALSE
4 Deficiency = 2061.56 FALSE
5 Deficiency = 3232.77 FALSE
6 Deficiency = 2376.97 FALSE
7 Deficiency = 1155.14 FALSE
8 Deficiency = 471.13 FALSE
9 Deficiency = 130.77 FALSE
10 Deficiency = 773.85 FALSE
11 Deficiency = 117.56 FALSE
12 Deficiency = 1686.12 FALSE
13 Deficiency = 3284.79 FALSE
14 Deficiency = 758.50 FALSE
15 Excess = 11353.80 TRUE
16 Deficiency = 33932.10 FALSE
17 Deficiency = 6900.92 FALSE
18 Deficiency = 5970.84 FALSE
19 Deficiency = 5970.84 FALSE
20 Deficiency = 5496.76 FALSE
22 Excess =1344.12 TRUE
23 Excess = 3975.81 TRUE
24 Excess =1042.12 TRUE
25 Excess = 1026.58 TRUE
26 Excess = 8497.11 TRUE
27 Excess = 1259.30 TRUE
28 Deficiency = 245.26 FALSE
29 Excess = 737.31 TRUE
30 Excess = 554.03 TRUE
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31 Excess = 737.31 TRUE
32 Excess =1731.11 TRUE
33 Excess = 1547.37 TRUE

Systemwide Metrics:

)l
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16.3

16.4

Total Solar Generation (All Buildings): 10082&\&h
Total Load Demand (All Buildings): 15956 X\Ré
Total Battery Charge (All Buildings): 2197&wWh
Total Battery Discharge (All Buildings): 2230K\84h
Total Import (All Buildings): 141132.K@h

Total Export (All Buildings): 38141 18&h
Systemwide SeHSufficiency: 39.29%

Systemwide SeHConsumption: 62.17%

Discussion

SelfSufficiency: The majority difie buildings (20 out of 33) are not seilfifficient and require external
sourcesimported energy to meet their load demands. Buildings 152222933 are selsufficient,
showecasing effectivatilisationof solar generation and battery storage.

BatteryUltilisation Further analysis of battery performance for each building can reveal opportunities
for optimisation. For instance, buildings with minimal battery cycling may have-gized battery
systems, while those with frequent deep discharges may benefit from larger capacities or adjusted
charge/discharge strategies.

External Source Interactions: Despite significant solar generation and battery storage, the system as a
whole relies heavily on external soureiesported energy. This highlights the need for strategies to
reduce overall energy demand or increasesite generation capacity to achieve higher levels of self
sufficiency.

SelfConsumption: The high salbnsumption ratio indicates that a considerable portion of the solar
energy generated is used directly by the buildings, reducing reliance on the external sources during
periods of solar production. This emphasizes the ¢iffeaess of solar setfonsumption in decreasing
reliance on external energy sources.

Recommendations

Load Reduction: Implement energy efficiency measures to decrease overall load demand, especially in
buildings with high energy deficiencies.

Solar Expansion: Consider expanding solar PV capacity to increage ganeration, particularly for
buildings with significant energy deficiencies.

Battery Optimisation: Evaluate battery sizing and control strategies to enhance their effectiveness in
meeting load requirements and reducing external sources reliance.
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1 DemandSide Management: Explore strategies to shift loads to periods of high solar generation to
maximize seftonsumption and reduce external sources imports.

1 External Source Integration: Investigate advanced external sources integration techniguesarize
energy exchange with the external sources, potentially leveraging external sources services and
participating in demand response programs.

16.5 Conclusion

This analysis provides insights into the complex energy dynamics of buildings with solar PV and battery systems.
While solar generation contributes to meeting load demands and reducing reliance on external sources,
opportunities exist for furtheroptimisation. By implementing the recommendations outlined, buildings can
enhance energy seffufficiency, reduce operating costs, and promote sustainable energy practices.

17  Comparative Case Study of tiigentralised vs. Decentralised Energy
Management

This section compares centralised and decentralised approaches to energy management for a system of 33
buildings equipped with solar PV and battery storage. The analysis leverages previous findings on individual
building performance and overall system dymias to evaluate the effectiveness of each approach in achieving
seltsufficiency anaptimisng resourcautilisation.

17.1 Centralised Approach

In the centralised approach, solar generation and battery storage are aggregated and managed as a single entity,
as detailed in Append5.7. This allows for coordinated control angtimisation of energy resources across all
buildings.

Key Findings (Centralised):
1 SelfConsumption Rate: 97.61%
SelfSufficiency Rate: 61.68%
Battery Capacity Utilisation: 19.76%

1
1
1 Number of Battery Cycles (Annual): 146.50
1 Energy Deficit: 18018.48Nh

1

Additional Panels Required: 98

17.2 Decentralised Approach

In the decentralised approach, each building manages its own solar generation and battery storage
independently. This allows for localised control apdimisation based on individual building needs.

Key Findings (Decentralised):
1 20 buildings exhibit energy deficiencies, requiring additional solar PV capacity to achiesudfeaéncy.

1 The total number of additional panels required across all deficient buildings is 374.
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17.3 Comparative Analysis
Table 9: Comparative Analysis of centralised and decentralised solutions

Metric Centralised Decentralised
Self-Consumption Rate 97.61% 62.17%
Self-Sufficiency Rate 61.68% 39.29%
Battery Capacity Utilisation 19.76% Varies by building
Number of Battery Cycles (Annual) 146.5 Varies by building
Energy Deficit 18018.48 kWh Varies by building
Additional Panels Required 369 374
Total Panels 916 921

17.4 Discussion

1 SelfConsumption and Se8ufficiency: The centralised approach demonstrates significantly higher self
consumption and sef§ufficiency rates compared to the decentralised approach. This highlights the
advantage of coordinated energy management in maximgizhe utilisation of on-site generation and
reducing reliance on the external sources.

I Battery Utilisation: The centralised approach exhibits lower battery capacity utilisation and fewer
battery cycles compared to the decentralised approach, wheilesation varies across buildings. This
suggests that the centralised approach may lead to longer battery lifespan due to less frequent cycling.

1 Energy Deficit and Panel Requirements: While the centralised approach requires fewer additional panels
to achieve overall system sd@fficiency, the decentralised approach allows for targeted expansion of
solar PV capacity based on individual buildingdse

17.5 Recommendations

1 Centralised Coordination: Consider implementing a centralised energy management sysiatimise
resource allocation and maximize setfnsumption and selufficiency.

1 Decentralised Flexibility: For buildings with unique load profiles or specific energy requirements, a
decentralised approach may offer greater flexibility and control.

1 Hybrid Approach: Explore a hybrid approach that combines the benefits of centralised coordination with
the flexibility of decentralised control. This could involve a central systenoitanises overall energy
flow while allowing individual buildings to adjust their energy strategies based on local conditions.

17.6 Conclusion

The choice between centralised and decentralised energy management depends on various factors, including

syste
disad

m size, load characteristics, and economic considerations. This section demonstrates the advantages and
vantages of each approach, providingights from buildings profile and energy management to make

informed decisions regarding their energy strategies. By carefully evaluating their specific needs and objectives,
the energy systems can be optimised to achieve higher levels efidétfieny, reduce costs.
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18  Description of the 50% Hydrogen & 50% Battery Stor&penario

Figure 18 blow shows a simplified flow chart of the 50% battery storage and 50% hydrogen storage scenario.
Due to sharing the storage capacity with hydrogen, the battery size is reduced to about 0.75 MW and the
required power is 12.&W over 10 h of sunlight. The power that needs to be supplied by for the hydrogen
generation and storage system is much higher as the efficiencies n for the production of hydrogen and power
generation are 0.5 and 0.6, resulting in a combined efficiency of@G#e hydrogersystem. Therefore, 36.8

kW x 10h need to be supplied by the PV system.

221 kWx10h

71.1kWx10h n~0.9 14h ,
ey 12.3KWx10h |0 ,@Sne

0.75 MWh Demand
441 kWh/d
36.8kWx10h ‘14h
n~0.5 g n~0.6
H, Generation & Storage » Power Generation
3.2m? 14h

Figure 18: 50% Hydrogen and 50% battery storage scenario showing the required power flow from the
PV system
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18.1 Panel andBattery Sze Smulation 50% Hydrogen & 50®attery storage
Senario

——
w— Overal Load

Power (kW

01-Jan-2024 00:00 01-Apr-2024 00:00 01-Jui-2024 00:00 )1-0ct-2024 00:00 01-Jan-2025 00.00

Figure 19: Estimated Overall Load Profile (blue line) , including Solar PV Generation (yellow line) , 50%
Hydrogen Consumption (red dotted line) , 50% Battery Consumption (pink line) and excluding vehicles

19 VehicleDieselDemandAnalysis andHydrogenVehicle Alternative

One of the project aims is (2) Hydrogen generation and energy storage solutions for building base loads and
future vehicle fleet. Thus, this investigatiamas necessary, before determining the size of the hydrogen
installation. There are two fully hydrogen powered utility truck models which are currently at Technical
Readiness Level 6 and higher. The Ineos Greng8jieas successfully passed field testing in Austria, while the
more promising Toyota Hilu¥igure 20 is scheduled for market entry in 2026/2027. The specifications for the
Toyota Hilux state a range of approximately &@0 with storage tank capacity of 7k§ hydrogen at 706ar

storage pressure. The purchase price for the vehicle was requested babtgst been determined by Toyota.
Furthermore, the installation of a vehicle refuelling station would be required in addition to a standard
installation.
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(a) (b)

Source: https://newsroom.toyota.eu/hydrogen-fuel-cell-hilux-project-reaches-demonstration-phase

Figure 20: Fully hydrogen -operated Toyota Hilux. (a) chassis, (b) shows the 700 bar hydrogen storage
tanks [1]

19.1 Current Fuel Data

The data taken from the bulk fuel usage register for the financial year 2023/2024 shows significant differences
in diesel usage for the quarters Q1 and Q3, compared to Q2 anHiQutd:

T The Q1 vehicle fuel data from 02/07/2023 to 21/08/2023 for 8 utility trucks shows a demand 0£.2982
diesel.

1 For the period from 01/10/2023 to 31/10/2023 (Q2), 6008liesel for 12 utility trucks were used.
1 InQ3, 2034 diesel were used from 01/01/2024 to 04/02/2024 for 9 utility trucks.
1 The fuel data for Q4 from 02/04/2024 to 30/06/2024 for 15 utility trucks shows a demand 0fl5981

The calendar dates in the bulk fuel usage register therefore indicate that fuel data from September 2023,
February 2024 and March 2024 is missing. Consequently, it is thought that the calculated numbers are not fully
reliable, unless the missing data eegimean that no fuel was used for any equipment except the generators.
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2982

5981

6005

2034

Q1 =Q2 =Q3 = Q4

Figure 21: Diesel consumption in litre s for 4x4 drives at QPWS from July 2023 to July 2024
(Q1 = July-September)
The total diesel demand per annum for the utility truck fleet calculated from the bulk fuel usage register equals
~17,000L, which reflects an actual total energy demand of ~250M0@&nd a CO&2q. of ~45.8. The required
hydrogen mass for the entire utility truck fleet calculated at B@d storage tank pressure is ~4.5onsidering
the mean diesel demand of ~1,50@iesel per vehicle and year, a G&of ~4t per vehicle could be saved,
requiring ~42kg hydrogen per vehicle.

Taking the missing data into account, a recalculation of the results will increase the diesel demand for the utility
truck fleet by ca. 25% and increases the generated CO2 accordingly as well as required hydrogen demand.

The total diesel consumption per annum including generators and utility truck fleet is ~250Bi¢h accounts
for a COz2q of ~6&. Therefore, in a bestase scenario ~111t6CO2 could be saved. However, the total
required hydrogen mass depends on therage pressure of the central hydrogen storage system and i®400
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20 Hydrogen Refuelling Station

Commercially available solutions for hydrogen refuelling stations start at a production rate of approximately
200kg hydrogen per dalg]. The refuelling time varies drastically between the refuelling statiadels ands

between 1 min up to 1 h for 5kg of hydrogH®]. These solutions are usually the size of shipping containers.
According to ATCO costs around USD 2.75M (~AUD 4.33M) can be expected for a stationary refuelling station
including:

1 Gas Tanks

Gas Compressor

Cooling systems need 2 heat exchangers
Refueller

Vent fans

Hectrolyser

Electrical equipment

= =4 4 -4 -4 - -

Safety systems
1 Civils

Additionally, it was found that the leasing costs for a refuelling station by a fupyomo (Gerfh@hgie 2,721

Euro (~AUD 4.465) monthly excl. GST with a 20% deposit of the refuelling statiorHpwever, due to the

small size of the system, these solutions do not match to the Eurong site requirements. Smaller versions are
available on demand and usually marketed as leasing products. In Queensland, the company H2H offers portable
customised refueihg stations capable of 3d@Pa and 7MPa output pressure which require compressed air

e.g. from an air compressor or a K bottle wiitrogen. According t&ATCO, the refuelling time is approximately

30 mirutes. Annual servicing can be expected for the refuelling station.
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Figure 22: Gateway Refueller by H2H [11]
ly SEIFOG O2aid Sadavylidrazy F2N (Mgbre 2pBvasdetiebtddybit not G | G |
received due to confidential information

The implementation of hydrogen 4x4 utility vehicles was carried out separately and was subsequently added to
the 100% battery storage as well as 50% battery and 50% hydrogen stBrgge=23 shows the flow chart of

the system.

Pin n~0.9
— PV 10h , Battery
10h
: 0.5h
n~0.5
H2 13.4 kWh

Refuelling él N\ Vehicle
0.5h station 0.5h O—Q- Demand

Figure 23: Hydrogen supply for vehicle demand

It was assumed that the vehicles need to be refilled completely on a daily basis, resulting in 7.8 kg hydrogen at
700 bar. Based on the investigation of hydrogen gampression forefficient storage by Franco and
Giovannini12], a required power of 13.4Wh per vehicle refill was assumed, which needs to be supplied by the
battery as the refilling is assumed to be done at any time during the day, independent from the sun light hours.
Considering a 50% efficiency of the hydrogen generation and storage sysgeppwer required to generate

the hydrogen for 1 vehicle is 184V over 10 h hours of sun light, while the power send to the battery storage

is 1.5kW. This amounts to a total power demand from the PV system ok¥@6ver 10 h of sunlight, in order
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to refill one vehicle tank. Compared to the power required from the PV system for the 50% battery and 50%
hydrogen scenario, for instance, this would more than double the demand of the entire power supply system
for the Eurong site. As each vehicle woutltiaanother 105&kWh/d, the feasibility is therefore questionable,

and it was decided to continue with 1 vehicle only.
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20.1 VehicleS@®nario Smulation
For 100% Battery Scenario:

Estimated Overall Load Profile, Solar PV G Battory Cons and 1

700

01-Apr-2024 00:00

Figure 24: Estimated Overall Load Profile (blue line), Solar PV Generation (green line), Battery
Consumption (pink line) and consumption of 1 vehicle (black line)

Overall Load Profile, Solar PV G Battery C and2 C:

() r——
01-Jan-2024 00:00

01-Apt-2024 0000

01-0ct-2024 0000 01-Jan-2026 00:00

Figure 25: Overall Load Profile (blue line), Solar PV Generation (green line), Battery Consumption (pink
line) and consumption of 2 vehicles (black line)
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d Overall Load Profile, Solar PV Battery C P and 3 [ P

01-0¢t-2024 00:00

01-Apr-2024 00,00

Figure 26: Overall Load Profile (blue line), Solar PV Generation (green line), Battery Consumption (pink
line) and consumption of 3 vehicles (black line)
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For 50% Battery/50% Hydrogen Scenario:

80 Estimated Overall Load Profile, Solar PV , Hydroger G , Battery Consumption, and 1 Vehiy Consumption
———— Overall Load '
e Solae PV Genamation

0 Veface Conmumpeon

01-Apt-2024 0000

Figure 27: Overall Load Profile (blue line), Solar PV Generation (green line), Battery Consumption (pink
line) and consumption of 1 vehicle (black line)

T P ——
)

Gy Dearyrbw
— i Gy

Figure 28: Overall Load Profile (blue line), Solar PV Generation (green line), Battery Consumption (pink
line) and consumption of 2 vehicles (black line)
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_Estimated Overall Load Profile, Solar PV Generation, Hydrogen Consumption, Battery C P !!!!E.‘r’!_"_;"":??'!_'ﬂ'!?"_"ﬂ_

1800 -
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Time

Figure 29: Overall Load Profile (blue line), Solar PV Generation (green line), Battery Consumption (pink
line) and consumption of 3 vehicles (black line)

01-Oct-2024 00:00 01-Jan-2025 00:00
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Quantitative Comparison

Table 10: Solar PV generation peaks (kW) for 100% Battery Scenario

No vehicles 197.74kwW
1 Vehicle 645.76kW
2 Vehicles 1093.79kW
3. Vehicles 1542.03kW

Table 11: Solar PV generation peaks

(kW) for 50% Battery /50% Hydrogen scenario

No vehicles 301.76kW
1 Vehicle 749.99kW
2 Vehicles 1198.02kW
3. Vehicles 1646.04kW

Consider the difference between the "1 vehicle" scenarios:
1 100% Battery645.76kW peak
1 50/50 Battery/Hydrogen:749.99kW peak

The higher peak in the 50/50 scenario directly reflects the added inefficiencies of the hydrogen pathway, even
with only half the EV load relying on hydrogen. The increase of arounki\L@4n not only be due to the
hydrogen and battery inefficiency, but also to the system overhead and ancillary efficiencies involved.

Conclusion

The high peak solar power requirements observed in the simulations are not solely due to the direct energy
consumption of the building and EVs. They primarily result from the inefficiencies inherent in hydrogen
production andutilisation, battery charging/discharging losses atiet need to meet peak power demands,
including those from ancillary system components. This analysis highlights the importampt&raging system
efficiency, particularly in hydrogen pathways, to minimise the required solar cgpani overall energy
consumption.
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21  CostAnalysis

21.1 PVSystem

The table below summarises the number of required PV panels for reliable power supply for the four
investigated scenarios in their centralised and decentralised configurations.

Table 12: Number of PV panels required for 4 storage systems

Storage Scenario Centralised option Decentralised option

total no. of panelsf] No. roof mounted No. ground mounted

panels [] panels []
100% Battery 922 357 565
100% Battery +1 vehicle 3011 357 2654
50% Hydrogen, 50% Battery 1407 357 1050
50% Hydrogen, 50% Batte 3497 357 3140

+1 vehicle

For the centralised option, all PV panels are ground mounted, which generally increases the required trenched
area.Figurebelow illustrates the minimum required areas for all cases

3140 panels for 50% Hydr ogen,==50% “Battre ry s wslmyehh8bx | e é
3497 panels for 50% Hydr ogen,50% Battery —+1l -vehi ¢338¢é
1050 panels for 50% Hydrogen, 50% Battery (decentral) m—— ] 301

1407 panels for 50% Hydrogen, 50% Battery (central) m——————— ] 744

2654 panels for 100% Battery +1 vehicle (decentral) 3,290
3011 panels for 100% Battery +1 vehicle (central) 3,732
565 panels for 100% Battery (decentral) 700
922 panels for 100% Battery (central) 1,143

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
min required area [m?]

Figure 30: Minimum required tree -free area for solar panels

For instance, the traditional 100% battery scenario needs 40% lesfréma@rea as its decentral option. This
trend can be observed in all scenarios. Overall, the 100% battery storage scenario requires the least area. The
employment of hydrogen vehiclepproximately triples the required area for PV panels.

From the number of PV panels, the number of inverters were determined based on these centralised and
decentralised scenarios. For the decentralised scenario, the roof area dictates the number of panels and
therefore, the inverter size for each building aoding to the installedkWp. The inverter types and number of
inverters for roof mounting are listed below.
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Table 13: Inverter number and type for roof installation

Number [] Inverter Inverter Model
[kW]
20 5 P-FRGSYMG6.0-GEN24
16 15 GWI15KET
1 20 GW20KET
37

For the ground mounted PV panels, an inverter size of R&/Qvas selected. The required numbers for the
different scenarios as centralised and decentralised option are shown in the table below.

Table 14: Inverter for ground mounted solar panels

Storage Scenario Inverter for centralised ground Inverter for decentralised
mounted panels (GW29.9KT) ground mounted panels
(GW29.9KET))

100% Battery 12 7
100% Battery & 1 Vehicle 36 32
50% Hydrogen, 50% Battery 17 13
50% Hydrogen, 50% Battery + 42 18
Vehicle

It can be seen that theumber of inverters for all decentralised options are significantly higher compared to the
centralised option.

21.2 Storage System

The table below compares the required battery storag&\ivh and hydrogen storage in m3 for a 44 h time
period of the different scenarios.

Table 15: Hydrogen and Battery Storage sizes for the different scenarios

Storage Scenario Battery Storage kWh] Hydrogen Storage [
100% Battery ~1500 0
100% Battery & 1 Vehicle ~1600 1.9

50% Hydrogen, 50% Battery ~750 3.2
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50% Hydrogen, 50% Battery ~830 5
1 Vehicle

21.3 Power Demand

According to the losses in the different systems required to realise the various scenarios, the required power
from the PV system changes with the storage type. The daily required power output from the PV system gives
an overview of how much power is reged to satisfy the demand of the Eurong site. Figure compares the power
input from the PV system to the site demand.

Site Demand _

1 Vehicle & 50% Battery & 50% Hydrogen
storage

1 Vehicle & 100% Battery Storage

50% Hydrogen, 50% Battery Storage [ NN

100% Battery Storage

0 200 400 600 800 1000 1200 1400 1600 1800
Daily required Power Output from PV system [kWh/d]

Figure 30: Comparison of power output from the PV system for the different scenarios compared to the

site demand
It is evident that the introduction of hydrogen increases the power demand by 35%. The utilisation of one vehicle
to any of the described scenarios more than doubles the power demBné. to the lower efficiency in
comparison to battery storage and to maintain the reliability of the system, the PV system is creating a much
higher power output, which needs to be discarded through dump loads, or the system needs to be curtailed for
non-worse case scenarios.

22  CostAnalysis

The introduction of the various scenarios necessitated a recalculation of the involved costs of the different
option. The cost assumptions are mainly based on the initial quote and adjusted to match the individual
scenario. However, the PV panels and itwexr were exchanged in order to match the scenarios. Heat pumps
were added to the calculation. The cost estimation for the hydrogen refuelling station is not included, as this is
a customised item that it is not freely available on the market. The ovexpknses were determined for the
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initial investment, and the Levelized Cost of Energy (LCOE) over 25 years, according to the PV panel warranty
The results for the initial costs are shown in figure below.

50% Hydrogen, 50% Battery +1 vehicle (decentral) 6.83
50% Hydrogen, 50% Battery +1 vehicle (central) 6.86
50% Hydrogen, 50% Battery (decentral) IS 5.08
50% Hydrogen, 50% Battery (central) I 5.07

100% Battery +1 vehicle (decentral) 6.64
100% Battery +1 vehicle (central) 6.67
100% Battery (decentral) 3.92
100% Battery (central) 3.94

0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
Mio AUD

Figure 31: Initial investment costs for the different storage scenarios

For the different scenarios, the initial investment costs range from Mio AQDfar a battery only storage
solution without vehicle to Mio AUD 6.83 for a 50% Hydrogen, 50% Battery storage solution with one hydrogen
vehicle.

The figure below shows the expenses for the main system components for the different scenarios, including
panel, inverter, battery, electrolyser and fuel cell costs.

I—? 75
I 2.68
| 2.31
| 2.24
I 2.86
I 2.79
1.85
1.75

50% Hydrogen, 50% Battery +1 vehicle (decentral)
50% Hydrogen, 50% Battery +1 vehicle (central)
50% Hydrogen, 50% Battery (decentral)

50% Hydrogen, 50% Battery (central)

100% Battery +1 vehicle (decentral)

100% Battery +1 vehicle (central)

100% Battery (decentral)

100% Battery (central)

0.00 1.00 2.00

m Panel [AUD] = Initial inverter [AUD] = Initial Battery [AUD] m Initial Electrolyser and Fuel Cell [AUD]

Figure 32: Initial Investment costs for the main parts of the power supply system

The LCOE calculation was performed over 25 years and considers an inflation of 4%, which is slightly higher thar
the expected statics of 3%. This was decided in context of the current inflation development. However, the
computation includes the replacemeaf the main components and assumed maintenance costs for the PV and
Hydrogen System.
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The battery storage, inverters and fuel cells as well as electrolysers are estimated to require replacement every
10 years, while the heat pumps will need to be replaced after 15 years. The maintenance costs for the PV system
were estimated AUD 6000, ande hydrogen system AUD 9000.

50% Hydrogen, 50% Battery +1 vehicle (decentral) 4.07
50% Hydrogen, 50% Battery +1 vehicle (central) 4.01
50% Hydrogen, 50% Battery (decentral) IS 3.41
50% Hydrogen, 50% Battery (central) I 3.35

100% Battery +1 vehicle (decentral) 4.16
100% Battery +1 vehicle (central) 4.1
100% Battery (decentral) 2.65
100% Battery (central) 2.57
0 1 2 3 4 5

LCOE [AUD/kWh] over 25 years

Figure 33: Levelized cost of energy

The results show that the estimated LCOE over 25 years range between AUD 2.57 and AUD 4.07. Generally, a
decentralised options cost around AUDents more perkWh. The lowest LCOE are for the 100% Battery storage
options at approximately AUD 2.60 géi. For a 50% hydrogen and 50% battery storage solutiork\tteprice

is approximately AUD 7%nts higher. Implementing a hydrogen vehicle significantly increases the expenses.
For the 100% battery storage solution, this means a ~39% surge, while théocdbts 50% hydrogen and 50%
battery storage scenario increase ~17%.

23  Conclusion

This collaborative Sustainable Built Environment National Research Centre (SBEnrc) ipkgstigated the
application ofa solar powered supply system for tligueensland Parks and Wildlife Serviegsong siteon

Y Q 3 & MiBtine sand island off the eastern cost of Queensléandentral and deentralisedsystem for PV
generationwas examined, whilebattery and hydrogen solutions were considered &orergy storage. The
investigation was based on the power demand of the Eursitey which was determinethrough an energy
audit provided by an external providerThe loads, includindpase, intermittent and variable load were
determined and the load curves in MATLWiBualised. FurthermordyIATLAB simulations were conducted to
determine theincoming irradiation for the conversion to electricity from the solar pan& availableroof
spacefor PV panelsvas determinedand further investigation showed that thexisting roofarea isinsufficient
to cover the power demandrhen matching the load curves with the supplyrves Subsequently, thaumber
of required P\panelswas determined based on tldemand of the site and 4 storage scenaiimguding battery
and hydroga storageTo ensure reliabilitythe power demand of 44ht average consumptiomndthe highest
averagenumber of nonsunlight hourg14h) wasselected tosize the energy storage.

The following points have beeatelivered through thestudy and the report:
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1. Case specific (i.eQPWS Eurong site oW Q 3 Iredw d technology options, site constraints and
opportunities, current and future demand scenarios, demand efficiency and shifting options.

Different scenariosand combinationshave been investigated, including a future proofing of a battery
system whichis operatedoetween 20%20% SOCto provide inbuilt reliability and maximuntifetime.

2. L YLINE @S Y Sy (idisasterrediliérge thrdughSdlafand energy storage mix (battery and hydrogen).

In addition to thereliability mentioned in labove 44h of power supply and incorporation of the existing
two generators and emergencynihterruptible Power Supply solution, will provide maximurreliability of
the site supply.

3. Reliability analysis of the conversion to renewable energy generation and storage.

The data has shown that the systemould generateenough powerfor the worsecase scenariowhich is
the shortest dayof the yearwith poor weather conditionglow sunlight hours)The presented results will
ensurethat the system canot only supply enoughower duringnormal operation, but alson the shortest
day of the yeaandpoorweather conditiors which will lastl.5 days after one night

4. Hydrogen generation and energy storage solutions for building base loads and future vehicle fleet.

This analysis was conducted aridualised in this report.

5. Battery storage solutions for base load and instantaneous power consumption.

This analysis was conducted and visualised in this report.

6. Investigation of energy consumption optimisation opportunities for effective use of the renewable
installation.

Throughout the report these recommendations have been made anorarary can be found in thehapter
after this conclusion.

7. Economic consideration (i.e. LCOE) of solutions proposed to endyréiarie solutions selected.

Chapter 16howsthe feasibility ofeachscenario, whicthas been considered

8. Environmental analysis including emissions.

As the number of solar PV panels in the insialutionsquote supplied by QPWS has been deemed as not
sufficient, additional panels need to be installed. A solution of roof panel installations on the existing
buildings would lower the impact oregetation clearance this would require. Thes transitioning to solar PV,
would significantly reduce the carbdootprint of the site.

9. Reducing environmental risks from fossil fuels potential fire risk.
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The volume of requiredstoredliquid fuel is greatly reduced through the installation and gas hot water has
beenreplaced by heat pumpolutions. Althoughydrogenalso posessomerisk and burnsinvisibly, the
oxygen is not stored on siter these installations, to avoid a 2rixture, whichcould potentiallycreate
these situationsBattery storage is recommendedd be store in aflame-retardant enclosure which will
withstand potential fireto be contained for a minimum of 4and thus installedaccordingly toAS/NZS
5139:2019 andAS IEC 62619:201Further, a minimum clearance ©® metresto inflammablematerialis
recommended.

24 Feasibility andRecommendation

The feasibility study has shown thasing the roof area of the buildings is matfficient to supplyl00% othe
requiredpower for the Eurong siteTherefore, the trenched area next to the site would need taubbsed for
a solar farmAdditionally, the much lower efficiency of the hydrogen system compareadtattery-only solution
increases the required powgeneration significantly, even when only 50% of the storagéhgdeogenbased
The number of parts andervice requirementsf the hydrogen sytem are much higher than for the battery
pendant. For a hybrid solution the m#mance of both systesimust be consideredTherefore, the onj
feasible solutiorintodayQ & O #\[(D% EBaitery storage.

The investigation of themploymentof hydrogernvehicles is currently not possible, as no r&hsport vehicles
are commercially available. On@omising pilot project was found for &uel cell powered Toyotdilux
Hydrogen However, there is hoonfirmedentry to market date, or pricingvailable. Furthermore, the hydrogen
mass for onée7.8kgrefill requires more power thn the Eurong sitdtself in one day which wouldmore than
double the amount oPVpanels.Therefore, theutilisation of hydrogen vehies in this set up ismot possibleas

it is dependenton the sit@ a S gr&idcHod However, oncéiydrogen 4X4 vehicles araore commonly
commercially availablethe import of hydrogen instead of diesahay be worth tostudyas there ardifferent
refuelling solutions fosmallfleetsand carbon emissions coule lavoided.

Furthermore the employment of heat pumps is highly recommended.

Building optimisation recommendation:

Building 16:Has a very high estimated daily energy consumption of 118/@% This is due to the presence of
4 air conditioning units with a combined load of 2K\, which is a major consumer to the overall energy use.

Building 21:Uses only 0.9kWh per day. This building has a helipad LED flood light and a water pump. The low
energy use suggests infrequent use of these specific pieces of equipment.

Buildings 22 and 24Have very low energy consumption (0.R@h/day each) and only have a single 4FT
Weatherproof Single Fluoro light, indicating these are likely small buildings with minimal electrical loads.

Building 1:The 'Data Rack' with akRkW connected load contributes to this building's higher energy use. This
building also has a substantial AC load (&WIrom 'Air Con' and 0.8&Wfrom 'Air Con 3.KWReverse Cycle’),
contributing to its 70.8&Wh daily consumption.

Building 27:The 'Car Lift' has a substantial &%/ load, significantly impacting the building's overall energy
consumption.

Reliability: 44h of Battery storage by 60% usage of the battery bank to increase battery lifetime and prevent
failure.
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Decentralised versiowasnot consideredfeasible due to complexitipgether witha slight cost increase of the
installation.

Hydrogen solutions are significantly more expensive than pure battery storage. Furthermore, due to the lower
efficiency in comparison to battery storage and to maintain the reliability of the system, the PV systees creat

a much higher power output, which needs to be discarded through dump loads, or the system needs to be
curtailed forother thanworse-case scenarios.
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25  Appendix

25.1 Flow(hart of Systems

Flow Chart Including PV System, Water Purification, Electrolysis and Storage for
Solutions Including Hydrogen Storage and Vehicle

PV system
Battery Storage
DC
D_DC &
Inverter Site
PV
Water Purification I8 AC

@)

raw water feed pump

H
o
]

@ Storage
Electrolysis v

buffer water tank 100 bar

1 bar 30 barg 700 bar
I«
H2. ¥
% Bl compressor Ccompressor vehicle
—b{ waler . Electrolyser
T circulation pump H2 tank
circulation resin trap Gas separator (= "
pump
refinement loop ——Coolant—» ——Coolant——>

polishing (multiple steps) DI water

Cooler

DI water tank

Figure 34: Flow chart including PV system, water purification, electrolysis and storage for solutions
including hydrogen storage and vehicle
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25.2 Load Data

Building

N NN NRNNMNNMNOMNMNNMNNONMNNMNNOMNNMNNMNNRERRPRRRPRRRRPRRPRRPRRPRRRPRRRPPRPRPR

Table 16: Building and equipment type  specific load data (kW)

Equipment Type

Battery Charger

Data Rack

Fridge with Freezer
Starlink

Kettle

Microwave

Shredder

Toasted Sandwich Maker
Water Boiler / Urn

2FT Fluoro Weatherproof
4FT Indoor Fluoro Doubles
4FT Single Fluoro

Air Con

Air Con

Air Con 3.5KW Reverse Cycle
Ceiling Fan

Computer Monitors

Gas Hot Water

Printer

Projector

Wall mount Pedestal Fans
Fridge

Fridge with Freezer
Fridge with Freezer
Smoke Alarms

Air Fryer

Coffee Machine

Dryer 5kg Front Load

Gas Water Heater

Kettle

Microwave

Toaster

Vacuum

Washing Machine 8kg Top Load
2FT Indoor Fluoro Single
4FT Indoor Double Fluoro
4FT Indoor Single Fluoro

Rated Power ( kW)
0.24
2

0.2
0.075
2.2
0.8
0.34
0.75
2.2
0.018
0.036
0.036
2.56
1.15
0.81
0.075
0.045
0

15
0.29
0.1
0.2
0.2
0.158
0.05
1.8
1.07
2.25

2.2
15
18
1.2
0.8
0.018
0.072
0.036

Quantity

N R R R R R R R, R

w N
=

N -
Q0

O N NP R RPRRPPRPRRPRRPRPRRPEPDNMNRERERRDNRRLPR
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2 4FT Weatherproof Double Fluoro 0.072 1
2 AFT Weatherproof Single Fluoro 0.036 1
2 Air Con RC 1.93 1
2 Air Con RC 0.64 1
2 Ceiling Fan 0.065 5
2 Light 0.12 1
2 Spotlight 0.04 2
2 TV 0.2 1
3 Fridge 0.2 1
3 Fridge 0.2 1
3 Fridge 0.2 1
3 Gas Hot Water 0 1
3 Smoke Alarms 0.05 4
3 Dryer 4.5KG Front Load 2.1 1
3 Kettle 2.2 1
3 Microwave 1.2 1
3 Sandwich Press 1 1
3 Toaster 0.75 1
3 Washing Machine 6.5KG Top Load 0.6 1
3 Bunker Light 0.1 3
3 Ceiling Fan 0.065 4
3 Exhaust Fan 0.055 1
3 Indoor Single Fluoro 0.018 6
3 Oyster Lights 0.06 6
3 Spotlight Outside 0.15 1
3 TV 0.2 1
4 Freezer 0.25 1
4 Fridge 0.2 2
4 Fridge 0.18 1
4 Fridge with Freezer 0.2 1
4 Gas Hot Water 0 2
4 Smoke Alarms 0.05 3
4 Dryer 7KG Front Load 1.92 1
4 Kettle 2.4 1
4 Microwave 15 1
4 Washing Machine 5.5KG Top Load 0.8 1
4 4FT Indoor Double Fluoro 0.032 2
4 4FT Indoor Single Fluoro 0.032 4
4 AFT Weatherproof Single Fluoro 0.032 2
4 Bunker Light 0.1 4
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4 Ceiling Fans 0.065 3
4 Lights Bayonets 0.015 4
4 Outdoor Spotlight 0.1 2
4 Rangehood 0.2 1
4 TV 0.075 1
5 Freezer 0.25 1
5 Fridge 0.2 1
5 Fridge with Freezer 0.2 1
5 Smoke Alarms 0.05 3
5 Air Fryer 1.8 1
5 Dryer 5.5KG Front Load 2.2 1
5 Kettle 2.4 1
5 Microwave 1.2 1
5 Slow Cooker 0.26 1
5 Toaster 0.98 1
5 Washing Machine 5.5KG Top Load 0.8 1
5 4FT Indoor Double Fluoro 0.072 2
5 4FT Indoor Single Fluoro 0.036 4
5 Ceiling Fan 0.065 4
5 Lights 0.015 4
5 Portable Heater 2 1
5 TV 0.06 1
6 Freezer Vertical 0.25 2
6 Fridge 0.17 1
6 Fridge 0.2 1
6 Fridge 0.2 1
6 Gas Hot Water 0 1
6 Smoke Alarms 0.05 7
6 Dryer 2.1 1
6 Kettle 2.4 1
6 Microwave 1.15 1
6 Washing Machine Top Load 7.5kg 0.8 1
6 4FT Indoor Single Fluoro 0.036 9
6 AFT Weatherproof Single Fluoro 0.036 1
6 Bunker Light 0.1 1
6 Ceiling Fan 0.065 8
6 Oyster Light 0.06 1
7 Freezer 0.2 1
7 Fridge 0.175 1
7 Gas Hot Water 0 1
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7 Rust Proofing 0.01 1
7 Smoke Alarms 0.05 2
7 Iron 2 1
7 Kettle 2.2 1
7 Microwave 32L 15 1
7 Toaster 1.55 1
7 Washing Machine 10kg/ Dryer 6kg FL® 2.5 1
7 Bunker Light 0.1

7 Ceiling Fan 0.065 2
7 Downlight Bayonet 0.055 12
7 Portable Heater 2.4 1
7 TV 0.11 1
8 Freezer 0.2 1
8 Fridge with Freezer 0.2 1
8 Gas Hot Water 0 1
8 Rust Proofing 0.01 1
8 Dryer 4.5kg Front Load 1.75 1
8 Kettle 2.2 1
8 Toaster 0.98 1
8 Vacuum 1.1 1
8 Washing Machine 7kg Front Load 0.8 1
8 Bunker Light 0.1 1
8 Ceiling Fan 0.065 2
8 Downlight Bayonet 0.055 12
8 Pedestal Fan 0.045 1
8 Portable Heater 2.2 1
8 TV 0.07 1
9 Freezer 0.25 1
9 Fridge with Freezer 0.2 1
9 Gas Hot Water 0 1
9 Portable Fridge 0.115 1
9 Rust Proofing 0.01 1
9 Smoke Alarms 0.05 2
9 Microwave 15 1
9 Washing Machine 7.5kg Front Load 0.8 1
9 4FT Double Weatherproof Fluoro 0.072 1
9 Air Con 3.5kW Reverse Cycle 0.8 1
9 Bunker Light 0.1 1
9 Ceiling Fan 0.07 2
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9 Downlight Bayonet 0.055 12
9 TV 0.138 1
10 Bar Fridge 0.1 1
10 Freezer 0.25 1
10 Fridge 0.2 1
10 Gas Hot Water 0 1
10 Rust Proofing 0.01 1
10 Smoke Alarms 0.05 2
10 Air Fryer 1.2 1
10 Kettle 2.2 1
10 Microwave 15 1
10 Toaster 1.5 1
10 Washing Machine 7kg Front Load 0.8 1
10 Bunker Light 0.1 1
10 Ceiling Fans 0.065 2
10 Charger 0.15 1
10 Downlight Bayonet 0.055 12
10 Portable Aircon 0.78 1
10 Portable Heater 1 1
10 Ryobi Charger 0.055 1
10 TV 0.07 1
11 Electronic Rustproofing 0.01 1
11 Freezer 0.25 1
11 Fridge 0.2 1
11 Gas Hot Water 0 1
11 Clothes Iron 2.2 1
11 Microwave 1.9 1
11 Washing Machine 7.5kg Front Load 0.8 1
11 AFT Weatherproof Fluoro 0.036 1
11 Downlights Bayonet 0.055 12
11 Fan 0.065 2
11 Gas Oven 0 1
11 Outside Bunker Light 0.015 1
11 Space Heater 2 1
11 TV 0.075 1
12 Electronic Rustproofing 0.01 1
12 Freezer 0.25 1
12 Fridge 0.2 1
12 Gas Hot Water 0 1
12 Smoke Alarm 0.05 2
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12 Iron 2 1
12 Kettle 2.2 1
12 Microwave 1.6 1
12 Toaster 0.83 1
12 Washing Machine 7kg Front Load 0.8 1
12 Air Con 3.5KW Reverse Cycle 0.8 1
12 Bunker Light 0.1 1
12 Downlight Bayonet 0.055 12
12 Portable Space Heater 2.4 1
12 TV 0.07 1
13 Electronic Rustproofing 0.01 1
13 Freezer 0.25 1
13 Fridge 0.2 1
13 Hot Water Gas 0 1
13 Smoke Alarm 0.05 2
13 Clothes Iron 2.4 1
13 Kettle 2.4 1
13 Microwave 1.9 1
13 Toaster 1.524 1
13 Washing Machine 7.5kg Front Load 0.8 1
13 Bunker Light 0.1

13 Ceiling Fan 0.065 2
13 Downlight Bayonet 0.055 12
13 Portable Heater 2 1
13 Portable Space Heater 2 1
13 TV 0.065 1
14 Freezer 0.2 1
14 Fridge 0.09 1
14 Fridge 0.2 1
14 Fridge Vertical 0.8 1
14 Hot Water 0 1
14 Dryer 5.5kg Front Load 2.2 1
14 Kettle 2.2 1
14 Microwave 1.25 1
14 Toaster 0.85 1
14 Washing Machine 8kg Top Load 0.8 1
14 4FT Indoor Fluoro 0.036 11
14 4FT Weatherproof Single Fluoro 0.036 1
14 Ceiling Fans 0.07

14 Outside Bunker Light 0.1 2
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14 TV 0.042 1
15 4FT Led 0.036 16
15 Battery Charger 0.075 1
15 Bench Grinder 0.9 3
15 Charger 0.57 1
15 Charger 0.075 2
15 Drill Press 0.55 1
15 Kettle 2.4 1
15 Air Compressor 2.4 1
15 Fan 0.05 1
15 UHF Radio 0.01 1
16 Fridge 0.2 1
16 Fridge 0.2 1
16 Gas Hot Water 0 1
16 Radio Scanner Data Cabinet 0.5 1
16 Security 0.0025 1
16 Security 0.0025 1
16 Smoke Alarms 0.05 6
16 Starlink 0.1 1
16 Battery Charger 0.105 1
16 Charger 0.12 1
16 Kettle 2.4 1
16 Microwave 1 1
16 Printer 0.5 1
16 Shredder 0.34 1
16 4FT Double Indoor Fluoro 0.072 6
16 4FT LED 0.036 7
16 Air Con 8 1
16 Air Con 35 1
16 Air Con 3.5 2
16 Air Con 9 1
16 Computer Monitors 0.045 4
16 Emergency Light LED 0.01 1
16 Outdoor LED Oyster 0.02 7
16 Phone 0.005 5
17 Bar Fridge 0.1 1
17 Freezer 0.25 1
17 Fridge 0.2 1
17 Smoke Alarms 0.05 5
17 Air Fryer 2 1
17 Coffee Machine 1.37 1
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17 Kettle 2.2 1
17 Microwave 15 1
17 Washing Machine 6.5kg Top Load 0.8 1
17 4FT LED 0.036 1
17 4FT LED Weatherproof 0.018 4
17 Air Con 2.5 2
17 Air Con RC 3.65 1
17 Ceiling Fan 0.065 5
17 Exhaust Fan 0.055 2
17 Oyster LED 0.015 15
17 Range Hood 0.136 1
17 TV 0.241 1
17 Wall Oven 2.3 1
18 Fridge 0.103 1
18 Fridge 0.2 1
18 Gas Hot Water 0 1
18 Smoke Alarms 0.05 3
18 Air Fryer 1.7 1
18 Coffee Machine 1.85 1
18 Kettle 2.2 1
18 Microwave 1.15 1
18 Standing Lamp 0.04 1
18 Washing Machine 0.8 1
18 4FT LED Indoor 0.036 1
18 4FT LED Weatherproof 0.036 3
18 Air Con 2.5kW Reverse Cycle 1.65 1
18 Air Con 7.1kW Reverse Cycle 3.65 1
18 Ceiling Fan 0.05 3
18 Exhaust Fan 0.03 1
18 Gas and Electric Oven 2.3 1
18 Led Oyster 0.025 11
18 LED Sensor Light 0.01 1
18 Range Hood 0.2015 1
18 TV 0.19 1
19 Fridge 0.103 1
19 Fridge 0.2 1
19 Gas Hot Water 0 1
19 Smoke Alarms 0.05 3
19 Air Fryer 1.7 1
19 Coffee Machine 1.85 1
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19 Kettle 2.2 1
19 Microwave 1.15 1
19 Standing Lamp 0.04 1
19 Washing Machine 0.8 1
19 AFT LED Indoor 0.036 1
19 4FT LED Weatherproof 0.036 3
19 Air Con 2.5kW Reverse Cycle 1.65 1
19 Air Con 7.1kW Reverse Cycle 3.65 1
19 Ceiling Fan 0.05 3
19 Exhaust Fan 0.03 1
19 Gas and Electric Oven 2.3 1
19 Led Oyster 0.025 11
19 LED Sensor Light 0.01 1
19 Range Hood 0.2015 1
19 TV 0.19 1
20 Air Con 5kW Reverse Cycle 2.25 1
20 Air Con 5kW Reverse Cycle 2.68 1
21 Helipad LED Flood Light 0.1 4
21 Water Pump 2 2
22 AFT Weatherproof Single Fluoro 0.036 3
23 Freezer 0.25 1
23 Fridge 0.2 1
23 Table Saw 2.2 1
23 Wood Plainer 15 1
23 AFT Weatherproof Double Fluoro 0.072 4
23 Outdoor Light 0.036 2
24 AFT Weatherproof Single Fluoro 0.036 3
25 Freezer 0.25 1
25 Fridge 0.2 1
25 AFT Weatherproof Twin Fluoro 0.072 2
25 Bunker Light 0.016 1
25 Dual Sensor Light 0.2 1
26 Freezer 0.25 1
26 4FT LED 0.036 4
27 Air Compressor 2.4 1
27 Car Lift 6.6 1
27 Milwaukee Charger 0.09 1
27 A4FT LED 0.036 6
27 LED Spotlight 0.04 1
29 Bore Pump 7 1
29 AFT Weatherproof Single Fluoro 0.036 2

83



Sustainable
Built Environment

National Research Centre Green energy and decarbonisation transition of the built environment
AUSTRALIA

29 LED Floodlight 0.1 1
31 Modem 0.0024 1
31 2FT Outdoor Fluoro 0.018 1
31 4FT LED 0.036 3
32 Air Compressor 1.65 1
32 Garage Door 0.6 1
32 Hoist 1.2 2
32 2FT Outdoor Weatherproof Fluoro 0.018 4
32 4FT Weatherproof Double Fluoro 0.072 8
32,33 Drum Fan 0.265 1
32,33 Pedestal Fan 0.28 1
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25.3 Peak Load Analysis

Table 17: Peak number and value (kW)

Peak
Number

108
110
109
142
28

112
89
37
11

114

104
92

122
65

113
31
98

143
47

72
141
32
10
111

106
117

Value (kW)

29.9
28.8
29.3
254
25.3
254
25.2
25.3
24.9
24.7
24.3
24.2
23.5
235
23.5
22.8
23
22.7
22.6
22.2
22.2
22.2
21.8
21.5
21.6
22
21
20.9
21
20.2
20.1
20.4
20.7

Time

29/10/2024 19:02
30/10/2024 18:02
8/10/2024 18:02
8/10/2024 12:02
8/10/2024 15:02
1/10/2024 19:02
24/10/2024 14:02
29/10/2024 15:02
7/10/2024 20:02
12/10/2024 18:02
22/10/2024 19:02
28/10/2024 18:02
7/10/2024 12:02
9/10/2024 18:02
11/10/2024 18:02
5/10/2024 19:02
16/10/2024 18:02
30/10/2024 15:02
30/10/2024 12:02
7/10/2024 16:02
23/10/2024 18:02
10/10/2024 18:02
1/10/2024 15:02
20/10/2024 18:02
30/10/2024 9:02
15/10/2024 19:02
1/10/2024 22:02
23/10/2024 16:02
29/10/2024 9:02
8/10/2024 6:02
31/10/2024 6:02
9/10/2024 7:02
6/10/2024 18:02
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16 20.7 27/10/2024 16:02
24 20.7 25/10/2024 15:02
84 20 13/10/2024 18:02
12 20 28/10/2024 15:02
66 19.9 16/10/2024 15:02
144 19.9 1/10/2024 9:02

27 19.6 24/10/2024 18:02
68 19.6 16/10/2024 8:02
33 19.6 23/10/2024 13:02
90 19.7 12/10/2024 15:02
17 19.6 27/10/2024 13:02
95 195 11/10/2024 8:02
105 19.5 9/10/2024 14:02
91 19.5 10/10/2024 8:02
42 191 21/10/2024 19:02
59 19.2 18/10/2024 18:02
69 19.2 16/10/2024 6:02
77 19.2 14/10/2024 18:02
18 19.3 27/10/2024 8:02
22 194 26/10/2024 6:02
13 18.9 28/10/2024 12:02
145 18.8 1/10/2024 6:02

118 18.9 6/10/2024 16:02
67 191 16/10/2024 13:02
21 18.8 26/10/2024 8:02
38 18.6 22/10/2024 15:02
62 18.4 17/10/2024 18:02
100 18.4 10/10/2024 11:02
91 18.5 12/10/2024 11:02
146 18.4 1/10/2024 2:02

23 18.4 25/10/2024 18:02
39 18.3 22/10/2024 11:02
55 18.2 19/10/2024 15:02
14 18.3 28/10/2024 8:02
94 18.1 11/10/2024 11:02
54 18 19/10/2024 18:02
34 17.8 23/10/2024 9:02
93 17.7 11/10/2024 13:02
102 17.7 10/10/2024 6:02
99 17.7 10/10/2024 13:02

43 17.6 21/10/2024 13:02
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136 17.6 2/10/2024 18:02
29 17.6 24/10/2024 7:02
131 17.3 3/10/2024 18:02
64 17.3 17/10/2024 8:02
57 17.3 19/10/2024 10:02
71 16.9 15/10/2024 22:02
124 16.9 5/10/2024 6:02
87 16.7 13/10/2024 8:02
44 16.7 21/10/2024 11:02
119 16.4 6/10/2024 13:02
49 16.2 20/10/2024 10:02
137 16.2 2/10/2024 14:02
86 16.4 13/10/2024 10:02
78 155 14/10/2024 16:02
51 15.6 20/10/2024 6:02
127 15.6 4/10/2024 11:02
134 15.7 3/10/2024 6:02
25 15.8 25/10/2024 7:02
73 15.7 15/10/2024 14:02
56 15.8 19/10/2024 13:02
46 15.8 20/10/2024 22:02
50 15.9 20/10/2024 8:02
96 15.9 11/10/2024 2:02
107 15.9 9/10/2024 3:02
97 15.9 11/10/2024 0:02
76 155 14/10/2024 21:02
81 151 14/10/2024 8:02
115 151 7/10/2024 6:02
48 15.2 20/10/2024 15:02
3 151 31/10/2024 2:02
74 151 15/10/2024 8:02
40 14.9 22/10/2024 6:02
82 15 14/10/2024 6:02
61 14.9 18/10/2024 11:02
120 14.8 6/10/2024 6:02
126 14.8 4/10/2024 19:02
53 14.7 19/10/2024 23:02
63 14.6 17/10/2024 12:02
35 14.5 23/10/2024 6:02
138 14.6 2/10/2024 9:02

60 145 18/10/2024 15:02
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79 14.4 14/10/2024 14:02
80 14.4 14/10/2024 12:02
139 14.4 2/10/2024 6:02
103 141 10/10/2024 2:02
30 141 23/10/2024 23:02
123 14 5/10/2024 12:02
58 141 19/10/2024 6:02
45 14.2 21/10/2024 7:02
36 13.9 23/10/2024 0:02
128 13.7 411012024 6:02
85 138 13/10/2024 14:02
130 13.1 3/10/2024 22:02
116 13.2 711012024 3:02
52 13.2 20/10/2024 4:02
26 13.2 25/10/2024 0:02
133 133 3/10/2024 11:02
88 126 13/10/2024 2:02
75 12.7 15/10/2024 1:02
83 125 14/10/2024 3:02
132 12.4 3/10/2024 14:02
121 12.3 6/10/2024 3:02
a1 12.2 22/10/2024 2:02
140 12.1 2/10/2024 2:02
125 12 5/10/2024 1:02
70 11.9 16/10/2024 3:02
129 11.7 411012024 2:02
135 11.6 3/110/2024 2:02

Gh'/loabxa' 29.9 20/10/2024 19:02

Global 10.6 18/10/2024 1:02

Min
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25.4 AnnualLoad Profiles

The generated hourly load curve for the entire year is as follows for overall and each building:

Trbasben et smi T lasirgleline e be b Rasm

Figure 35: Estimated Overall load profile over one year

Estimated Load Profie for Buiiding 1

Load (WW)

Figure 36: Estimated Load Profile for Building 1
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Figure 37: Estimated Load Profile for Building 2
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Figure 38: Estimated Load Profile for Building 3
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Figure 39: Estimated Load Profile for Building 4

-

Figure 40: Estimated Load Profile for Building 5
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Figure 41: Estimated Load Profile for Building 6
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Figure 42: Estimated Load Profile for Building 7
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Estimated Load Profile for Building 8
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Figure 43: Estimated

Time 2024

Load Profile for Building 8

Estimated Load Profile for Building 9
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Figure 44: Estimated

Time

Load Profile for Building 9
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Estimated Load Profile for Building 10
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Figure 45: Estimated Load P rofile Building 10
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Figure 46: Estimated Load Profile Building 11
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Figure 47: Estimated Load Profile Building 12
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Figure 48: Estimated Load Profile Building 13
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Estimated Load Profile for Building 14
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Figure 49: Estimated Load Profile Building 14
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Figure 50: Estimated Load Profile Building 15
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Estimated Load Profile for Building 18
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Figure 51: Estimated Load Profile Building 16
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Figure 52: Estimated Load Profile Building 17
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Estimated Load Profile for Building 19
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Figure 53: Estimated Load Profile Building 18
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Figure 54: Estimated Load Profile Building 19

98



Sustainable
Built Environment

National Research Centre Green energy and decarbonisation transition of the built environment
AUSTRALIA

4

Estimated Load Profile for Building 20

=

Lead (kW)

08

0.4

02
Jan Ape Jul Oct Jan
Time 2024

Figure 55: Estimated Load Profile Building 20
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Figure 56: Estimated Load Profile Building 21
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Figure 57: Estimated Load Profile Building 22
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Figure 58: Estimated Load Profile Building 23
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Estimated Load Profile for Building 24
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Figure 59: Estimated Load Profile Building 24
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Figure 60: Estimated Load Profile Building 25

101



Sustainable
Built Environment

National Research Centre Green energy and decarbonisation transition of the built environment
AUSTRALIA

Estimated Load Profile for Building 26
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Figure 61: Estimated Load Profile Building 26
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Figure 62: Estimated Load Profile Building 27
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Estimated Load Profile for Building 28
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Figure 63: Estimated Load Profile Building 28

Estimated Load Profile for Building 29
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Figure 64: Estimated Load Profile Building 29
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Figure 65: Estimated Load Profile Building 30
a0s Estimated Load Profile for Building 31
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Estimated Load Profile for Building 32
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Figure 67: Estimated Load Profile Building 32
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25.5 Annual Solar Generation and Load Demamnaafiles

The generated hourly solar PV generation curve and load curve for the entire year is as follows for overall and
each building:

1000 Overall Daily Load and Solar Generation
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Figure 68: Overall daily load and solar generation
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Figure 69: Daily load and solar generation for Building 1
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40 Daily Load and Solar Generation for Building 2
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Figure 70: Daily load and solar generation for ~ Building 2
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Figure 71: Daily load and solar generation for Building 3
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5% Daily Load and Solar Generation for Building 4
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Figure 72: Daily load and solar generation for Building 4
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Figure 73: Daily load and solar generation for Building 5
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A% Daily Load and Solar Generation for Building 6
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Figure 74: Daily load and solar generation for Building 6
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Figure 75: Daily load and solar generation for Building 7
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Figure 76: Daily load and solar generation for Building 8
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Figure 77: Daily load and solar generation for Building 9
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Figure 78: Daily load and solar generation for Building 10
10 Daily Load and Solar G.on-mion for Building 11
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Figure 79: Daily load and solar generation for Building 11
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i Daily Load and Solar Generation for Building 12
———j
e— Sclar L"‘Wqﬂm
20}
25 ‘ -
]
2 (
w45 | ' 3
‘ ‘ ‘ |
5
1) 1
01.Jan-2024 01-Apr. 2024 01 Jub 2024 01.0ct- 2024
Date

Figure 80: Daily load and solar generation for Building 12

o Daily Load and Solar ion for ing 13
prm—y
e Sclar Generation
20
15
g
z
< |
1
H
&
fir}
10
5
0 |
01-Jan2024 01-Apr.2024 01-Jub-2024 01.0ct-2024
Date

Figure 81: Daily load and solar generation for Building 13
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Daily Load and Solar Generation for Building 14
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Figure 82: Daily load and solar generation for Building 14
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Figure 83: Daily load and solar generation for Building 15
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Figure 84: Daily load and solar generation for Building 16
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Figure 85: Daily load and solar generation for Building 17
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40 Daily Load and Solar Generation for Building 18
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Figure 86: Daily load and solar generation for Building 18
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Figure 87: Daily load and solar generation for Building 18
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40 Daily Load and Solar Generation for Building 19
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Figure 88: Daily load and solar generation for Building 19
2% Daily Load and Solar Generation for Building 20
! —LORd
= Sclar Generson
oo
15 ¢
g
w
10 -
&l
A
01 ~J21-2024 01 Apr. 2024 01 Jud- 2024 01.0ct-2024
Date

Figure 89: Daily load and solar generation for Building2 0
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I Daily Load and Solar G,n-mioo for Building 22
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Figure 90: Daily load and solar generation for Building 22
A6 Daily Load and Solar Generation for Building 23
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Figure 91: Daily load and solar generation for Building2 3
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16 Daily Load and Solar G,nnration for Building 24
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Figure 92: Daily load and solar generation for Building2 4
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Figure 93: Daily load and solar generation for Building2 5
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P Daily Load and Solar Generation for Building 26
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Figure 94: Daily load and solar generation for Building2 6
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Figure 95: Daily load and solar generation for Building2 7

119



Sustainable
Built Environment

National Research Centre Green energy and decarbonisation transition of the built environment
AUSTRALIA

8 Daily Load and Solar Generation for Building 28
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Figure 96: Daily load and solar generation for Building 2 8
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Figure 97: Daily load and solar generation for Building2 9
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Figure 98: Daily load and solar generation for Building 30
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Figure 99: Daily load and solar generation for Building 31
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Figure 100: Daily load and solar generation for Building 32

Figure 101: Daily load and solar generation for Building 33
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