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Glossary

AQVCRC

AFP

AMAC

ANU

ARC

ATP

AUD

BCR

CAGR

CBA

CF/PA

CFPEEK

CNTs

CRA

CRC

CSIRO

DIN

DSTG

EU

GHG

ITRP

AustraliaComposisManufactudriCooperat@ReseattCente
AutomattFibe Placement

ARC Trainig Cente far AutomattManufactaiof AdvancgComposites
AustraliaNationEJniversity

AustraliaReseartCouncil

AutomatkTape Placement

Australiadollars

Benefitog ratd

CompouhAnnubGrowh Rate

Costhenefianalysis

Carbo#ibre/polyamide

Carbo#ibe reinforagpolyethesthe ketone

CarbaNaro Tubes

CooperatReseattAustralia

CooperatReseattCentre

The CommonwehBcientifiard IndustridReseattOrganisation
Defene InnovatioNetwork

Defene Sciene ard TechnolggGroup

EuropeaUnion

GreenhoeGas

Industrialransformati®kesearttProgram
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IP Intellectu&@roperty

OEMs OriginBEquipmeamManufacturers

MFC Maco fibe composite

NPV Nd presetwalue

NSW New Souh Wales

PhD Doctoof Philosoph(the highespossitd acadensidegre a studehcan
obtaii

PV Presetwalue

R&D Researtard Development

RAN RoyaAustraliaNavy

SBFEM Scald boundarfinie elemetmethod

SHM Structuirdneallh monitorin

SoOMACRC SovereigManufactugriutomatiofar ComposisgCooperatResealt
Centre

TCW Thermogse€CompostWelding

TINSW Transpafor NSW

TUM TechniddJniversjtof Munich

UNSW Universitof New Souh Wales

us Unitel States

uUSD Unitel Stats dollars

WHO Wordl Heal Organization

$M

Millios of dollars
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AMAC’s pathway to generating impact

Funded
@ 61 projects

PhDs
g 23 trained

$8.02 million staff

Collaborations/ 52 %

partnerships

($3.85 million from
ARC for 2017-22 and

$4.17 million from
other sources)

Journal
é 109 publications

Conference
£ 35 e

Total funding Research 24 %
Patents 3 _§_
Spin-off 3

companies

AMAC enabled the ACM CRC, a $250 million project set for 2023 to 2033 with 30+ industry partners

Outcomes

Knowledge creation
Enabling research

Skills development, attraction and retention
Reduction of barniers to composite
manufacturing

Higher throughput and quality in automated
manufacturing

Reduced cost of production

Improved productivity and economic
activity

Environmental benefits

Human capital (skills) formation
Improved health outcomes
Improved social outcomes

Accelerated adoption of new technologies,
products, processes and practices

The 4 AMAC case studies provide a lower bound estimate of AMAC's total impact

Estimated impacts
(commercialised research)

DENTAL COMPOSITES PROJECT

$21 million net benefits (BCR 7.9)

attributable to AMAC's research for the
commercialisation of Stela,

a mercury-free, self-curing dental filling
material. é

COMPOSITE TANKER PROJECT

$3 million net benefits (BCR 9.0)

attributable to AMAC's research for the
commercialisation of researched techniques
and industry partner's

expansion to US market. ;E;El

Potential future impacts
(not yet commercialised research)

COMPOSITE PROPELLER PROJECT

$5 million net benefits (BCR 3.4)

attnibutable to AMAC's research if fuel and
maintenance saving propeller blades are

commercialised. g

BRIDGE MONITORING PROJECT
Postponed structural intervention,
extended service life and prevention of

fatigue cracks for steel nvetted bridges
attributable to AMAC's research If real-time
structural health monitoring ~ _=Ef=
Is adopted. @
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Executive summary

ACL Aller has been engage by the AustraliaReseattCoun¢(ARC) TrairgiCente for
AutomattManufactaiof Advanc@Composisgf AMA or the Centre)atdevelp aHighliglst
ard AchievemesiReparto asses the impad of the Cente ove its fundig perial (20172022)
ard to communicathe significarbenefié tha are possild throug collaboratvresearcard
training.

Ths engageméfocuse on the impacg of the followig 4researprojectthroup cas studies

0 dentdcompositresearsundertakewit SO Limited
0 composittankeresearcundertakewith OmmTanker

0 compositpropelleblac researsundertakewit the Defene Sciene ard Technolgg
Group

0  bride Structudddeat Monitormp(SHM) resedrandertakewih Transpaofor NSW.

To articul&thov AMAC creatd vale ard frane an evaluatioof its impaGtACL Aller has used
animpatpathwgito asses the® 4researg projectsThs impatpathwashows havA M AsC 6
inpus ard activitisdirectl or indirecylinflueneresearie outpug ard outcomesvhit generag
impad on the broadecommunitpnalysi of the Cente and the® researi project
demonstraddhe significarmpatof A M As@8earchlheg includd boh quantifiablard
unquantifiasbimpac sud as:

0 Economiimpactscommercialisatiof SO L i mg Stekdénihcompositerd
commercialisatiaf 3of the 4researiaproject undertakewih OmmTankehave resultd
inincreasgrevenugfar thee partnersThee are likey to be futue econongiimpadct if the
compostpropelleblad researabecomecommercialisaghit woudl resulin moe
fuelefficietvessed in operatigrand if the bridg SHMresearebecomgcommercialised
whit woull resulin potentiecog saving for monitorigrivete steé bridge in NSW

0 Researtttcapabiltard capacitbuildingcontributioto the stod of knowledgard the
longetemresears capabiljtin compositemanufactuigrof Austradi are coe purposgof
the CentreThs evaluatiofourd tha AMAC has improveresear capacitby enablig
newresearsdirectionsesearctrainig (e.g researchsiand graduates) dmewv
partnershif{in Austradiard internationallyyhi¢ in tun lead toimprove understandjn
and newknowledgén particula3 PID studergwee trainel by AMAC whid exceedthe
initidexpectativof 8 PHD studergtrainel unde the ARC grarn agreemenurthermoye
the additia of 24 researigc associateacros varios projec ard 10 visitig researia staf
has exceedethe expecté5researigassociatedary forme AMAC PHD studerghawe
transitiordsfranthe Cente towok forindustryA M As@rojectalijqwihAu s tsr al i a 6
NationeManufactugrPrioritiedor examl in the area of Defene throug the compost
propelleblack projectard MedicEProdudthrouf the denthcompositproject

ARC Training Centre for Automated Manufacture of Advanced Composites  Highlights and Achievements Report
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0 Environmerienpactsthe denthcompositdevelopein collaboratiovit SO creatd a
safe alternatito hazardaamercurpasel amalgamsvhit can cau® significarharns
to huma healh ard the environmerRRepaiprocedusadevelopgat OmmTankewil
redue wase by extendigithe life of ther road tankersard if commercialisgte composit
propelleblads coutl redue GHG emissionfranreducd fud use.

0 Contributito knowledgesurpassithe initidgod of 50 publicationAMAC has achieve
10 publicatiain Q1 journal (the tap 25% branke journalspre bok chapter3s
internatiohaonfererepapersard deliverd 14 invited/plenary/ketatks AMAC has
alo receivd multip award whit recognisther significarcontributioto knowledge.

0 Leveragmof additionanvestmentver the perial fran 207 to 2022 AMAC receive
$3.85millim in gran fundig franthe ARC Duriig the sane period AMAC successfuyll
attractd $4.7 millio in additionlanvestmenths meas that for evey dollatha AMAC
receivd franthe ARG the Cente attractd $1.® in additionlanvestmerfiran othe
sources.

0 Establishmedof AQVI CRCthe succes of AMAC playe a pivotbrok informig a
consortiunted by AMAC DirectoProfessgGangadhaiPrustytha successfylbid for the
SovereigManufactugriutomatioof ComposissCooperatReseaftCente (SOME
CRC)The CRCis nowvfunde by the Commonwehlif Austradiand was rename the
AustraliaComposigManufactugriCooperatReseattCente (AGMCRC)Ths
ambitiosi$2% millio projectse to span fran 208 to 2033is designeto transfanthe
Australiacompositandusty by promotigmanufactugrautomatioacros moe than 30
partnergorganisations.

ACL Allen alo conductda surve of forme AMAC PHD studergard postdoctorkstaf to

captuethe C e ngcontiliutioto buildig resears capacitard capabilitin compost

manufactugrand understabhovAMAC hasimpactétheei ndi v i djouankysTie c ar e

survg of 30 respondesteceivd overwhelmiryglositie feedbacard fourd that:

0 87% brespondesbelievdthe trainig throug AMAC was vely goal or excellent
0 93% brespondesbelievdthe trainig was relevatto ther curretiwok

0 97% brespondesbelievd the AMAC trainig wes importatrfor the realisatioof ther
achievemesit work

0 43% brespondesbelievdtha they woull nd hae receivd the sane trainig throub
anotheavene

0 97% érespondestvoull recommehAMAC trainig to others.

Estimated impacts

ACL Allen conductanindicatiwcostbenefianalys (CBAJar 3 of the 4 researa projectto
estimatd the potentieard deliveré econongsibenefi tha hawe or coudl be attributéto A M AsC 6
researchlte result of ths analys are presentgin TableES1 (al impact hae bean adjustd

for attributioto AMAC)Ths provide alowe boundconservatestimat of the returs
generatéby the investmdiinthe C e ndemtieréseara portfolio

It isimportairto not tha the denthcompositeard compostttanke CBA are basel on
researietha has beaen commercialidé.e implementdnbtheindusyp a r sbosmesds a
produtor processwhik the researe conductdfor the compostpropellebladt projethas na
been commercialisette impatof the compositpropelleblact projetis therefa speculatés
ard hasbeen developeto provié an illustratvexam@ of the potentidmpact if the researie
was implemented

ARC Training Centre for Automated Manufacture of Advanced Composites  Highlights and Achievements Report
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Asshowmin TableES], inal researcprojeanalysedhe Nd Presetivalie (NPV)saboe
zep ardthe BenefiCo¢ Ratd (BCR)siaboe one Ths meass tha the benefiof al project has
outweiglakor are likey to outweilythe costswhit wil delivea ne benefito Australialo pu
the scaé of the benefitin perspectivéhe benefg enabld by AMAC throug the denta
compositresearcalore ($2L millio in net benefitsmoe than doublehe totd coss of al othe
researigundertakeat AMAC (i.e is enoud to cove boh the ARC gran and the fundig
leveragefran othe sourcesa totd of $8 million).

Table ES1 CBAsummarieof the 4researaproject (centrbi7% discounate $2023)

Project title Research status PV Costs PV Benefits NPV ($M) BCR
($M) ($M)
Dental composites Commercialised $3.0 $23.9 $20.9 7.9
Composite tanker Commercialised $0.3 $3.0 $2.7 9.0
Composite Nd commercialidé $18 $6.1 $4.3 34
propeller blade illustrat' CBA

Source: ACAllen

Conclusion

The impactidentifid ard the result of the trainig surve ard projetCBA demonstrathe
significarbenefg deliverédthroup A M AsCdlaboratresearsand trainingT he strendt of
the relationshiiitha AMAC has creatd isatestamerio the C e ngdedieaiioto advancig
compositresearikin Austradiard developinthe nex generatioof innovatarin ths industry
Theimpactof A M As@8earcwil extenl beyodthe C e ngfundiég@eriogdwhit is alreag
evidetframits involvemein the commercialisatiof researchhe significamumbeof
publicatiaard Ph» developdard trainedard the emergereof the AGICRC The strorgy
relationshgbuit throug the Cente wil likey enal# the realisatioof futue impact for the
Universjtof New Souh Wals (UNSW the AQMCRCard A M As@ditners

ARC Training Centre for Automated Manufacture of Advanced Composites  Highlights and Achievements Report
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This study

ACL Aller has been engage by the AustraliaReseattCoun¢(ARC) TrairgiCente for
AutomattManufactaiof Advanc@Composisgf AMA or the Centre)atdevelp aHighliglst
ard AchievemesiReparto asses the impact of the Cente and to communioato othes in
indusy ard the researic communythe significarbenef tha are possiltd throug collaboratv
researgardtraining.

Ths engageméfocuse on quantifyin(to the extempossild givan daf availabijitard
confidentiglitonsiderationsgitiretimpact of 3key researi project undertakeby AMAC
Ths provids alowe boundconservaestimat of the returs generatgby the investmeiin
the C e ndemtierésearcportfoliol ke 3researc projectare:

0 dentdcompositeresearsundertakewit SO Limited

0 composipropelleblact resears undertakewih Defene Sciene ard TechnolggGroup
0 composittankeresearcundertakewith OmmTanker

In additionthis stug qualitativehnalysethe norquantifiableconomjsocidand
environmentianpact deliverd by the AMACas wel as the significarimpatof the PHD ard
researclrdrainig undertakeby the Centre

Apurey qualitatezvassessmemas undertakefor afourh researie projectwhid wes the Bridg
Structulddeal Monitorimresears undertakewih TINSW.
The structue of the reporis providd below:

Infographic and Executive Summary: providean overvie of the stugy and its findings
Chapter 1 (this chapter): Provide contekon ths engagement

Chapter 2: OutlineA M ASCdE ard objectives

Chapter 3: Discussehov AMAC generateimpat

Chapter 4: Provide an overviw of the approdutto the analysis

Chapter 5: Denthcompositereseare projetca® study

Chapter 6: Compogttankereseara projetcas study

Chapter 7: Composgtpropelleblac researc projetcas stug

Chapter 8: Bridg monitorresearc projetcas study

Chapter 9: PHD ard researchesurve results

o Ox Ox Ox Ox Ox Ox ox ox ox O«

Chapter 10: Conclusion

ARC Training Centre for Automated Manufacture of Advanced Composites  Highlights and Achievements Report
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AMAC: An overview

AMAC wes establistbin 2017 undethe A R €liddustridl ransformati®keseaittProgren
(ITRP)The Cente receivd $3.&% milliom in fundig ove five yeas (to 31 Decemhe2022)
throub the ARC Industrial ransformatid rainig Centre schem®, whit supposgreseara
collaboratismetwer universitgsard industy to sole complerealwortl problemsin priorig
area for Australia.

AMAC wes led by UNSVard wes a collaboratidetwenr the AustraliaNationdEJniversjt
(ANU)the TechnidaJniversjtof Munib (TUM) athnire industy partners.

The C e ndobjeetid®wee to:

0 promaintegratinnovatioin automattcompostmanufacting franmateriedesig to
produtrealisation

0 incorporatkey Australimacompositannovatiainb the automattmanufactugmproces
chain

8 trahagenerativof compogitmanufactudinnovatarat the frontieof industrfocusd
research

0 foste stromg collaboratistetwer Australiauniversitgeand a hog of glob&organisatisn
whit verticajispan the compositssectofran nationbresearc providesto large Originka
EquipmdmManufacture(OEMSs)

0 drivegrowh ard productiviin the secto by strategicgitargetig the translatioof
commercialisalbhtellectuderopest(IP)

& achiee criticahtinadvancgcompositmanufactugmesears for alongtemshifin
A u s tsResdaitamtDevelopme(R&D) capalylin the field.

Toachiee the® objective AMAC featurd worleclas facilitie for compositmateriedesign
analysidayup curirg ard testingThe centrepiexof the Cente was the AutomatkFibe
PlacemarfAFP) faciiftre onl ore of its kird in the southarhemispherglhid allowd uses
to underta&kcomple shae manufactugmusig ARP techniquesnanufactametatomposit
hybrid ard undertakimpatand damag assessmesbf compositeusiig smarmaterialard
sensatoinfomard enhanefutue designs

1Australian Research Cau@bil}. New ARC Tr ai ni ng Cenfiperfermane t r a
carbon composites manufacturing inatissrf/www.arc.gov.au/qavidications/media/media
releases/nearctrainingentraransforraustraliaighperformanesarborcompositesianufacturing

2Australian Research Caumed.)IC16010004D The University of New South Wales
https://dataportal.arc.gov.au/NCGP/Web/Grant/Grant/IC160100040

3The 9 industry partners ard:dhe& Motor Company, Omni Tankers, Advanced Composite Structures
Australia, Australian Institute of Sports, Carbonix, AFPT, FEI, the Australian Nuclear Science and Tt
Organisation (ANSTO), and the Defence Science and TechnologyGFi®opr(BSAMAC, unknown,
Who are weac¢cessed online on 1/03/24tps://advancedmposites.co/

ARC Training Centre for Automated Manufacture of Advanced Composites  Highlights and Achievements Report
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Figure 21 A M As@ud@omatbFibe Placemerfaciliy locatd at UNSW
o I

Source: AMPANnudReseattRepar2021

Ove its Syeas of operatiatAMAC helpe to enhanethe performaemf A u s tscasgbb i a 0
compositamanufactugmndustryit achievethis throug marketrive resears on composit
productand processeundertakein collaboratiovih industy and universjtpartnerdn

additio to the significarcommercianpad generaigby AMACthe Cente has had a profoud
impaton the PD studergard researchetraine withn its collaboratvesearc environment

Durigits operatigtlAMAC producearang of researgacros 4key ares (see Figure?.2).
These 4area of researcare discussagin moe detdibelow

Figure2.2 A M AsRe&ywok areas

) G
e 10}
MATERIALS SIMULATION AND PROCESS - PROPERTY DESIGN, INTEGRATION
ENHANCEMENT PERFORMANCE OPTIMISATION AND OPTIMISATION
PREDICTION
Improvements to the Development of simulation Creating and optimising Develop high-level tools
performance of tools to identify risks and robust models for part that aid the integration of
composite materials location of defects in the performance and quality AFP into industry
manufacturing process indicators

Source: ACAllenbaselon A M As@fbrmation.

ARC Training Centre for Automated Manufacture of Advanced Composites  Highlights and Achievements Report 3
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2.1 Materials enhancement

Ths researicarea aimel to improe the performarewmf compositmaterialdmprovemesito the
performareaf compositmaterialcascadthrou to moe capald ard highevale products
By helpig develp newgeneratimlowcos materia] AMAC contributéto increas the
competitivengeef compositan key industries.

Two exampleof researiin ths area includd the followig projects:

0 Graphenenhancgpreprgtapes for thermbard electridaconductivi(Figure2.3 shovs
3D visualisatiarof materialdevelopgduriig ths project)

0 Durald nanescat surfae treatmesto improg wea ard environmenti@sistare

Figure 2.3  3Dvisualisatigrof carboHibrépolyetheethe ketoe compositlaminates

SourceleavCetal (2023)Electridaard thermbconductivitn graphenenhancgcarbodibre/PEEK: &bffet of interlaye
loadinghttps://www.sciencedirect.com/science/article/pii/S000862232300708X.

Furthedetad onthe® projec are providdin Sectia A.lin AppendiA Throupthe®
projectsAMAC identifid key opportunitdo integragcarba narotubes (CNTs) ahgraphea
(whit hawe extraordingpotentitto chang the electricathermbard mechani¢@roperteof
compositéinb the manufactugrehain

Anovervierof A M AsRgj achievemesiin this researicarea is providd in Figure2.4.

ARC Training Centre for Automated Manufacture of Advanced Composites  Highlights and Achievements Report
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Figure 24 A M AsRdy achievemesin the materiglenhanceméresearigarea

Materials enhancement

44 research | [@] $0.8m

rojects in research = collaborations/
ol funding %& partnerships

ey 1 patent %‘?—' 1 invention 27
_2(9 developed = disclosure publications

4 PhDs 4 research
trained S staff

SourceACL Allenbaselon A M As@hfiormation.

1 spin-off
company

2.2 Process-property optimisation

The qualiy of pars producein the composi#tprodutmanufactugindusty is affectd by the
mechangof addiig materieto amoutl (e.g consolidatigpressurgonsolidatidemperatuye
tape lay down rak ard tage distortionThs researic area aimel at investigatithe potentikfor
enhanagproces ard qualig contrbsysterafar automattmanufactatha woull enats
enhanagproductioqualityln particulaprojectin this area soughto creag¢ ard optimis robusg
moded far pat performamrand qualy indicatarby specificalbddressinthe complethermb
ard mechanid¢anvironmeat the poirt of materibapplicatioond the mould Adualase
automatbtape placemercel commissiodet ANJ (see Figure2.5) ard U N Ss&idomatk
fibe placemdreel (see Figure.6).

Figure 2.5 Dualase automatdtape placemdrtel commissiodet ANJ for process
propert optimisatioresearch

SourceAMAC AnnubReseatttRepar2021

ARC Training Centre for Automated Manufacture of Advanced Composites  Highlights and Achievements Report
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Figure 2.6  Automattfibe placemertel at UNSW

Source: AMAC

Exampkeof researcin ths areaincludd the followig projects:

0 SmarCompositdsitegrativof Sensig and ActuatigElements
0 Thermoplasth\FP optimisaticfar metaltibonding
0 Postformig of thermoplastARP composittubes

Furthedetad onthe® projec are providdin Sectia A.2in AppendiA Throupthe®
projectsAMAC identifid opportunitao optimis the proces parametsifar multimaterib
interfacesud as thermoplastic/thermi@seomposite/allayhit helpe unlo& new
opportunitdor industry.

Anovervierof A M AsRej achievemesin ths researicareais providd in Figure2.7.

ARC Training Centre for Automated Manufacture of Advanced Composites  Highlights and Achievements Report
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Figure 2.7 A M AsRedy achievemesin the procesgropestoptimisatioreseargarea

Process-property optimisation

= h : ¥ 11
153&;2?;:1'& %:lesglr\gh % collaborations/
partnerships

funding
= 1 patent % research 46
_=(9 developed 2 staff publications
PhDs 1 spin-off
trained company

SourceACL Allerbasel on A M As@fbrmation.

2.3 Simulation and performance prediction

Thsresearsareafocusd onthe developménof simulatioard performarmgredictio
technologsdor compostmaterialdn particularesearafocusd on developgnsimulatiotoos
to

0 identifrisksinthe manufactudmrocess

0 identiflikey defetlocation(see Figure2.8)

0 preditthe asmanufactudgroperties

0 preditthe stiffnesard strendt of manufactudeeomponents.

Figure 2.8  Predictioof specimefractue unde animpatvelocitof 75 m/s

' Tup insert

Fracture
plane

Source: AMAC

Exampleof researcin ths areaincludd the followig projects:

0 Bendwig coupligbehaviauhroug fibe steering
0 Implementycohesie elemerstin scalel boundarfinie elemetifar predictipdelaminatio
0 Desigand developménf compositconveyicssuppdrstructurgfor miniig environment
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24

Furthedetas on the® projec are providd in Sectia A.3in AppendiA. Outcomefranthe®
researgproject canlea to highe adoptio of compositefran bette predictabijitf

performaadn the manufactugrsector.
Anovervieof A M AsRdj achievemesiin ths researcareais providdin Figure2.9.

A M AsRey achievemesin the simulatioand performaegredictioresear
area

Figure 2.9

Simulation and performance prediction

.

o : $1.3m g 12
D7 16 project ﬂ@ﬂ i research llaborations/
= projects in researc @ gg rtaneor;% i|ggs

funding
<o = PhDs research
' ?ﬂ\ trained ﬁ?ﬁ% staff 32 .
(B0 publications

SourceACL Allerbasel on A M As@fbrmation.

Design, integration and optimisation

Ore of the majo obstacleto automatmanufactugmof compositearnd composit

manufactudiin generals the complexitof designqualificatipmanufactalard testing
Automattmanufactugradd additionlaomplexito this systenwhid imposs unacceptadbl
risks for mary businessed hs researiathene ains to develp highleve toos (e.g softwareard

guidelinesha supporithe integratimof AR specificalinb indusy ard commerdia

applications.

Exampleof researcin ths areaincludd the followig projects:

0 Manufactaof CompostWheéfar the automoteindusiy (whee alightweiglitomposit
wheéwas designéard manufactured

6 AutomattManufactaof Adaptie CompositPropellers

6 Manufactaiof Ty VHydrogeStoragtanls (see Figure2.10.

ARC Training Centre for Automated Manufacture of Advanced Composites  Highlights and Achievements Report
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Figure 210 Desig and manufactaiof a Type V compositpressie vesseusimg automattfibe placement

Type V design -
P 2 AFP manufacturing

v 4L

- '
W | - L
e P [R3F o
¥
N

Leakage testing and investigation

Open Half Dome
20

g Thickness
P Nes verification
< N

E

o

Custom
~ collapsible mandrel

80 100 120 140 160 178
r(mm)

SourceAr Aetal (2023)Desig ard manufactaof a Ty V compogitpressie vesséusirg automatéfibe placement
https://www.sciencedirect.com/science/article/pii/S1359836823005309

Furthedetad onthe® projed are providdin Sectia A.4in AppendiA Outcom&franthes
researgproject canlead to ARP beirg adoptd by indusyy and commercialidet ahigherate.

Anovervierof A M AsRgj achievemesiin this researcareaa is providd in Figure2.11

Figure 211 A M AsRdy achievemesin the designintegrativard optimisatioreseargcarea

Design, integration and optimisation
1 rpigjeeacrtcsh ﬂ@ﬂ %:Iegglrgh % !o?aborations/
funding partnerships
= fent Gk B inventi
S0 1im. B 4l 3 s

= PhDs research 1spin-off 8~ 4 trade
ey Y trained 3 staff company @ " secret

SourceACL Allerbaselon A M As@fbrmation.
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How AMAC generates
Impact

3.1 The role of research collaboration in economic growth

As mentiongin Chapte2, AMAC was establisteithrouf an ARC schera tha suppos
researgcollaboratisietwer universitieard industryCollaboratibetwerindusty ard
researchsicontribussto econongigrowt by deliverig arang of beneftt far businesss
researgorganisatierard socief in generalTheg benefitinclue (see Figures.1):

6 enhancginnovatignvhit canleal to anincreasgnumbeof productgprocesseard
serviceinthe market
0 improvemesin cog efficiencgresultig fran poole resources

0 opportunitda businessto obtan acces to publ fundingwhit can hep toredue
financikrisk

0 accestocuttingedge knowledgeakils improvemesard knowledgtransfer.

Figure 3.1  Benefis of collaboratitbetwerindusty ard researa organisations

Access to expert knowledge Challenging problems to solve

3 Access to company data to bring market relevance
Patent rights i —
What Commercialisation expertise, including development,

Highly skilled graduate students engineering, manufacturing and marketing

research
Access to public funding such as government grants offers

Employment and work integrated learning opportunities
for post-docs and students

Cutting edge scientific equipment Sponsored funding to carry out research

Collaborative innovation can lead to a number of direct and indirect benefits

esesescsssssscscsce eecsesscscsccscscss

for research organisations, companies and society

DIRECT INDIRECT

= Technology readiness level uplift e.g. from TRL3 to TRL6 = Improved education to employment outcomes for students
= Propensity to bring new products to market e g. lifesaving = Job creation
drugs = |ncrease in tax base

Improvements in cost efficiency resulting from pooled -
resources and capabilities

= Reduced financial risk through leveraged funding

*= Enhanced innovation, which can lead to an increased
number of products, processes and services in the market

= Access to cutting-edge knowledge, skills improvements and
knowledge transfer

Improved standard of living

©e0ece000000000000000000000000000000 00

e 60 0000 00000000000000000000000000000000000000000CE0C0C0OC0OCIOEIGEEOOOIOIOTIOTIOMIIOIOIOOOCRIOGOINEOIEOIIIGOEOOIOIOILOIEONEEIRcoTdoessseTsaCsecsscscssosss

Source: Adaptran NSV BusinesChambe2014 Industr ReseaitCollaboratidiscussioPaper
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3.2

Collaboratias apowerfitod for businessso increasther leve of innovatigribecora moe
productszard competitdard ultimatglimprog ther bottordire performanc@ustralia
businessetha engag in collabora®@innovatiowih resears organisatisrare 242% mer
likey to reporincreasgin productiwitvhen compar@wih norinnovatmbusinessesThsis a
threefalincreasin the likelihod of productiwigrowh gainel francollaboratigsee Figures.2).
Collaboratiawit researia organisatistis al strongl correlatgwit the degre of innovatio
noveltywih firns engagein sud collaboratibeirg moe likey to introdueworlefirg
innovatiorfs.

Figure 3.2  Impatof collaboratioon productivity

Businesses that engage in

Innovative business are collaborative innovation are
0
8% 242,
more likely to report increases more likely to report
in productivity increases in productivity

. ill &%@

COLLABORATIVE INNOVATOR
INNOVATION ACTIVE BUSINESS

NON-INNOVATING BUSINESS

Source: Adaptan NSNVBusinesChambe2014 Industr ResealtCollaboratidiscussioPaper

Theeis evidenetha collaboratiowit universitedead to highe performardn companies
Fa instancanodellipby Cadene Economgshovg moe than $106 billio ayea of al
businesincore in Austradiflovs fran collaboratignvit universitie€sThs averageto
$662,00far eath of the 16,00 businessethd currengicollaboratwit auniversityl're
estimatebenefito the nationbeconomfranthes collaboratisis $194 billim ayear Ths
stugy alo fourd astromg retun oninvestmero compangof $4.9 for evey $linvestdin
collaboratwniversjtresearain Australi

Impact pathway: a framework for understanding AMAC’s contribution

Hidh qualiy researcis essentido enhancipproductivitdrivig internatiomaompetitiveness
ardincreasiythe livirg standarslof Australiang u s tscaadciifoeséiene ard innovatiois
strongllinkel to its researia collaboration&s discussgaboveuniversitindusty collaboratisn
ar vitd for enablig leadingedge researia ard are centréto the Australiinnovatiosystem

To understatithe impatof AMACIt is importatrto understashhov AMA@ facilitisard
personrieontribetto materialenhancememroces optimisatioand rik reductioin the
manufactugmprocessard howvths newknowledgis share ard applie to crea¢ impatin
varios contexts

4 Department of Innovation, Industry, Science and 26%8aittd in NSW Business Cha(d&4.
Industry Research Collaboration Discussion Paper.

5 Department of Indugz914. Australian Innovation System Report 2014.

6 Universities Austra#®18. Clever collaborations: the strong business mas$edong with
universities

7Ibid.
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To articul&thov AMAC creatd vale ard frane an evaluatioof its impactwe useld animpat
pathwayThs impatpathwgshowe hov AMA® inpus ard activitisdirect} or indirecyl
influeneresearie outpus ard outcomesvhit generatimpact on the broadecommunityf hs
pathwgfor generatmlongtemimpactis depictd in Figure3.3.

Figure 3.3

AMAG pathwgto generatmimpact

RESEARCH INFRASTRUCTURE

= Automated Fibre Placement (AFP)
robot

= |nstron 8804 Axial Servohydraulic
Machine

= |nstron CEAST 9350 Drop Tower
Impactor

= |nstron 8852 Biaxial servohydraulic
testing system

= ASC Econoclave

= High Frequency Fatigue Test
Machine

= Hydraulic Multiaxial Test Bed

Developing models, software,
guidelines

Analysing data
Optimisation of processes
Developing simulation tools

New technologies
New materials
New processes

Knowledge creation

Enabling research that would not
be possible without AMAC's
expertise and facilities

IP and patents

Skills development, attraction and
retention

* Improved productivity
® |ncreased economic activity

= Environmental benefits
(e.g. reduced GHG emissions)

= Human capital (skills) formation

Source: ACAllen.

..
"""""

RESEARCH SUPPORT

= Support for researchers
= Training
= Workshops

RESERCH GRANTS

= ARC

= CRC

= Direct funding from industry
= Other grants

Supporting researchers

Training

Collaborating with partner organisations
and industry

Publications
Reports

New models and manufacturing
techniques

Reduction/removal of barriers to
composite manufacturing

Increased adoption of composite
materials in manufacturing

Higher throughput and quality in
automated manufacturing

Reduced cost of production

Improved health outcomes
Improved social outcomes

Accelerated adoption of new
technologies, products, processes
and practices

As show in Figure3.3, broadlyAMAC generateimpacthby:

d enabliggrounébreakigresearsaddressipkey challengein compositmaterialand

manufactudmprocesses

o0 facilitatigthe delivey of innovatiatha resulin lowe productiocostshighethroughpu
ard qualiy inautomatemanufacturing

ARC Training Centre for Automated Manufacture of Advanced Composites
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0 improvigknowledsard skils in compositmanufactudrthrouy capabiltard capacit
buildig of studergard indusiy partners

6 providigsuppdrto demonstraprod of concepdevelp apat toindustryard secue
investment

0 reducigthe environmertanpact of operations.
Thegimpatarea are discussein moe detdiin the sectioa belowQuantificatiemf impact
are presentetin the followig case stugy chapters.

3.21  Economic impacts

Figure 3.4  Summarof econonsiimpactidentifié

_}4«‘ Commercialisation 2k Lower production costs,
& of research = 3o higher throughput and quality
W7 Increased =

@% economic activity gg 3 patents

ﬁ' g}grgfémy (@ 3 spin-off companies

Source: ACAllen

AMAC project hae creatd significareconongivalueincludigthroug contributi@ro the
commercialisation of research undertakewit its industy partnersExampkeof successfu
commercialisattdghroug A M As@8earccollaboratisinclué SO L i mssuceedstu
launt of the Steh denthcompositard plannd releas of Lura Bruxarnd the commercialisatio
of 3ou of 4 resear collaboratisnih Omm Tankemwnhit involvd developoncomposit
tankerepai proceduresaterialtestiig to suppdrcertificatioof tankes in the US marketard
developmtechniquefor waterjecuttiig of composttanke component$he succes of the
waterjecuttiig projetresultd in Omm Tanke usimg fund receivd fran the Manufactugn
Modernisatid-urd to procug and commissita newwate jet machinerl e successfu
commercialisatiof researcat SO Limitd ard OmmTankehas resultd in increased
economic activity.

Mudt of AMA® researi al has the potentikto realie econonsiard commercialisatio
benefitin the futureFa examplecompostpropelleblad materialdevelopgcollaborativel
betwer DSTG ard AMAC may be used in defene applicatiaor commerciajlsesultigin moe
fuelefficiehvessed in operatiarThe fibe optc structuddhealh monitormp(SHM¥ystera
developecollaborativdbetwer AMAC ard TINSN are al expectéto hae futue benefi for
monitoriprivete steé bridgesTINVis plannig futue wok tha wil leverag the AMAC
researia projectincludig ontemperataisensorscontinuaimonitoringund an SHVI platfam
(auseffriend} prograninterfae tha interpretdat for SHM. Ths futue wok may lead to
productivity benefits in the monitorinof bridge in NSV (ard othe jurisdictions)

Throubits researcl AMAC addressgsone of the key challengein compositmaterialard
manufactugmprocesseard deliveréinnovatiatha translateino lower production costs,
higher throughput and quality in automatemanufacturingurthermorAMAC al enabld
furtheecononsibenefithroud 3 spin-off companies: SetoniTechnologieNanostragand
New FrontieTechnologieSpn-of compangcommerciadisesearis outcomesechnologies
ard idea genera@withn universitie§ hey translaresearcard idea inb marketabl

ARC Training Centre for Automated Manufacture of Advanced Composites  Highlights and Achievements Report
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solutionghus creatig businesopportuniserd jobs Thre paterg wee al develope
throug AMACresearchincludigSO L i ms LureBdudire of productsvhid are expectéto
be commercialiden the future

3.2.2  Research capability and capacity building

Figure 3.5 Summarof researh capabiltard capacitbuildig impactidentifie

A48 Students have
.'.’*“55 transitioned from the
Centre to work for industry

23 PhD students
trained (target was 8)

Research
?1.-1,.-. 24 research associates 52 collaborations across
. (target was 5) industry and governmentin
building Australia and internationally
10 visiting research Projects align with National
staff Manufacturing Prionties

SourceACLAllen

Ove its 5yeas in operatiotAMAC deliverd substanti@ontributieio A u s tsresebrid a 6
capabiltand capacityAs an ARC trainig centrea key aim of AMAC was to buid the capabilit
of studergard staff ard the capacitof industy partnesto integra innovatiasin ther
manufactudmrocesseard procedures.

AMAC set out to tran ageneratioof compositmanufactugrinnovatarat the frontieof
industrfocusd researcard has achieve ard exceedgexpectation$o date 23 PhD
students hae bea trainedwhit exceedthe initidexpectativof 8PHD studergttraine unde
the ARC grarnagreement he additio of 24 research associates acros varios projectard 10
visiting research staff has exceedethe expecte Sresearsassociated hg has providd
AMAC wih astromg platfomto tran researchsiard allavthemto provid significarvale to
indusir projec ard produe higrqualy the®s ard journdarticles.

Mary forme AMAC PHD students ha\e transitioned franthe Cente to work for industry,
includigfor AMAC industy partnersvhee ther expertisand abiliy to quickf integragino
advancgmanufactugibusinesssds highy valuedThe impatof AMAC on capabiljtuplif and
workforedevelopmeis showcagkin the ca® studis presentgfurthein the reportwhid
illustra the potentilecononsiimpact delivered/enabley AMACas wel as the researia
capabiltand capacitysocidard environmentaenefg tha AMAC generated.

The researi project showcagkin the ca studis also highligtthe value of partnerships
betwegr researcherand with governments, industry and not-for-profit organisations in
Australia and internationally. Partnershifenal# sharig of informatiquat and expertise
They foste innovatiward suppdrthe transfeof peop ard capacitbetwer researeard othe
sectorsAMAC facilitaté atotd of 52 collaborations/partnerstiipig ther term

Thelarg numbeof acadensipersonnig¢raine ard engagdhas allowd AMACtodravondivers
idea ard perspectigdo aid in the developménf nevard innovateprocesseard materials

A M As@e8earprojectalo buitl A u s tscapdciiin&ep NationeManufactugrPriorif
areasTre NationBManufactugrPrioritieha\e been identifid by the AustraliaGovernmeias
area of nationecomparat@advantagard strategiimportareard underpiA u s tsMedémi a 6

ARC Training Centre for Automated Manufacture of Advanced Composites  Highlights and Achievements Report
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Manufactudrstrategy A M As@liynmetrwih the® prioritisinclueé the researa collaboratio
wit SO Limitedwhit aligrs wih the MedicBProduatnationemanufactugrprioriy areaard
the researa collaboratiowih DSTGwhit aligrs wih the Defene nationemanufactudn
priorig area Ths demonstrased M AsCammitmeito furtherigimportarstrategiarea of

A u s tsmedéemimandfactudrsectorof whid cuttingedge composittechnologplayg a
criticérole.

3.2.3  Environmental impacts

Figure 3.6 Summarof environmertanpac identifid

2 ) Avoidance of 10 kg of %= Reduced fuel
M3 mercury entenng the consumption resulting in
environment lower carbon footpnnt

Environmental

tﬁ Reducing waste and landfill impacts from extended
useful life of products

SourceACLAllen

Reducigthe environmentiapatof advancgmanufactugmaterialand processeis an
importarpat of A M AsCdilaboratiopard AMAC project hawe contributito minimising the
environmental impact of sone of ther indusiy partners

Akey exampl is the productioof denthcompositethd hae creatd a safe alternatato
hazardamercurpase amalgas) whid can caug significarharns to huma health ard the
environméwha amalgan biprodudare releasdino the environmér(se= Chapte5 for
furthedetails)The CBA of the SO collaboratiestimatethé the researawil resulin the
avoidareof ove 10 kg of mercur beimg releasd inb the environmebetwer 208 ard 20D
(ths figue is adjustd for attributioto AMAC).

AMACresearghas alo resultd in repai procedussbeirg implementby OmmTanke(a
compaytha manufactuseark containerused to transpdichemicalsi the EuropeaUniam
(EV), Unitel Stats (U ard Austradifor large industriscompostchemidaanksresultiginan
extensioof the life of the tankes ard reducing landfill impact.

Throuba collaboratiowit the AustraliaDefene Sciene ard TechnolggGrop (DSTG
AMACresearchedeste ard producea shag adaptie marie propelletha in futue may
replae traditiorlanethcomponestvih robustlightweightustresistancompositewih zeo
magnetisignatwe for steal and defene operationd hs may resulin moe efficienard longer
lastig propellerfor marie applicationf commercialisgtis technologwoudi contribgtto
wase reductioard adiministacarbo footpritfranreducd fud consumptioAMAC has al
applid compositan the transformatiaf bus chassiswhit al resuied in similareductions
in waste and fuel requirements.

8 DISR. (202MYlodern Manufacturing Initiative and National Manufacturing Priorities announced
https://www.industry.gov.au/news/muateufacturidgitiativ@ndnationamanufacturiqgiorities
announced
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3.24  Contribution to knowledge

Figure 3.7  Summarof contributioto knowledgimpact identifié

E 109 publications in 8 e 14 invited / plenary / keynote
Q1 journals (target 2838 talks
was 50) and 1 book

Contribution

chapter CRA Enduring Industry-
to knowledge 3E international Research collaboration
@ Internationa @ Innovation Award, 2023:
conference papers JEC Asia Innovation Award,
(target was 20) 2019

SourceACLAllen

AMAC has successfyltontributtto extending the technology and knowledge frontier in the
advanced manufacturing sector. Surpassinthe initidgod of 50 journbpublicationsMAC has
achieve 10 publicatiarin QL journd (the tgp 25% branke journalspre bodk chapter3s
internatiomaonfererepapersard deliverd 14 invited/plenary/ketatks Ths is a significan

accomplishmitha has na oni contributito buildig the pod of knowledgbu has alo

contributito raisiig the acadenciprofié and reputatioof AMAC ard al contributgpartners

Ths levé of productiyird engagemeéin acadengiard researgactivitisreflect a stroig

commitmero scholaylcontributierand knowledgdisseminatiard has resultd in award

for:

0 CooperaResealtAustrati (CRA) EndugindustrReseartttCollaboratidnnovatio

Award2023. Ths awad is a prestigiarecognitiobestowa upa collaborageffors
betwerinduslrard acadenaitha hae resultd in groundbreakjadvancements

technologitimnovationard significarcontributisrio scientifiknowledgé hs awad
celebratesuccessfypartnershitha bridg the ggo betwertheoretidaesearsard reat
wortl applicationfosterig a symbiatirelationshbetwer the acadensicommunjtard

indust. By honourigthe® exceptionaollaborationibe awad na onl promotethe

spiri of innovatiobu alo encouragdurthesynergiebetwer acadenaiard industy to

addres complechallengeard drive societeprogress.

0 JECAsalnnovativAwadfor6 S le adgptie hydrofbivihfibeopttcs e nsi n @6
design20199° The resears tean manufactudehe propelleblad usirg AutomattFibe
PlaceméarfAFP) technologrototypewer basa on adigithdesig tha wee optimisa
throughduhe proces ard manufactudet an unprecederdeate whié also minimison

wasteThe proces al embeddl fibreoptt sensa inb the blad tha providd stran
measuremeniBheg sensa wek useflifor prototypard manufacturinas wel as
performarard maintenamacros the propelleb | & ehedife cycle.

Theg awardspublicatiaand researig collaboratisrnae furthe providd benefs to Austradi

by providig afoundatioto enale furtheresearcto tale place

9CRA. (2023). Excellence in Innovation Attasdavww.cooperativeresearch.org.au/events/excellence

ininnovaticawards/
10JEC. (2019). JEC Asia Reptps://www.jeccomposites.com/news/bpitéeasiareport/
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3.3

3.2.5 Leveraging additional investment

Figure 3.8  Summarof leveragmadditiorianvestmerimpadct identifig

Total of $8.02M in funding
($3.85M from ARC and $4.17M from other sources)

Enabled additional
grants for industry
— partners

Leveraging

additional

investment Research contributed
oo to awards forindustry

partner

Source: ACAllen

Thre performarof AMAC in attractipadditioriaesearsfund beyodits initid ARC grantis a
key indicatoof the C e ndsuceegas aleadig researginstitutioas ths additionanvestmen
inb Austradiin tun generateeconongibenefi for othe industrieacros the natim ard
expang Australi@d competitdadvantagin the globamarket

Ove the perial 20172022 AMA receivd $3.& millim in gran fundig franthe ARC Durig
the sane periodAMAC successfylattractd $4.7 millio in additionanvestmenThs meas
that for evey dollatha AMAC receivd franthe ARC duriig 20172022the Cente attractd
$1.@8in additiorlanvestmeriran othe sourcesT hs additiondundig allowd AMAC to
advane researclinnovatigmand the pursuiof knowledge

Furthermord M AsGutceshas had positieimpac beyod the researstha they are directt
involvdin. The portfot of A M As@8ears ard its recognitivard reputatioin the composite
sectohas enabld furthefundig opportunitidor its partnerd-or exampledOmmnTankehas
receivd 2 InnovatimConnectiaggrans ard moe recenyl fundig throug LockhegMartin
Althoulyths fundigis na directi relatd to AMAC projectsOmmTankestakeholdsconsulte
for this projetnotel tha they referenewok comple@wih AMAC in gran applicaticrard when
seekig fundingwhit contribusgto ther overdlproposal

AMAC has al® contributito industy partnesreceivigawardssud as SO Limitel winnig the
AustraliaExparAward inthe Internatiombleah categorfar outstand@internatiomaucces
in healh ard wellbeigin 202311 S DsISt#a is mentiomspecificglinrelatio to ths award.

Upscaling AMAC’s success: a composites manufacturing CRC

The succes of AMAC contributito the establishméaf the AustralimComposite
ManufactudrCooperat@ReseattCente (AGM CRC, previouglknow as the Sovereig
Manufactugiutomatiofor CompositeCoopera@ReseattCentrewhit1 was announak
on 11 May 2022 The successfi$ 70 millio bid for AGVI CRC wes led by ProfessaGangadhar
PrustyDirectoat AMAC

AQVCRC upscalgthe succes of AMAC ard leverageits indusir and acadergiconnections
AQVICRC was establisiebin partnerspiwit 6 AustraliaUniversitiethe AustraliaNuclea

UAustralian Export Awa@323. International Health winner
https://www.exportawards.gov.au/en/storiaa/2@3nternatichahlthwinner
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Sciene ard TechnolggOrganisatidANSTO)savel as moe than 25 key industy partnersTre
indusy partneswil invesa furthe $19 millio inb the CRC'2

The AQVICRC seek to buitl adigitakexporread compositandusty wit costcompetitive
highqualy platfom capabiltthroug intelligerautomatiotechnolognnovatioard nev
produtdemonstratioBimilayito AMACthe AOM CRC has 4resears progranig

1. ComposttMateriali addressinkey challengein materialso they meed automation
affordabijiard circulaeconomrequirements

2.  ManufactugriProcesssi focusigonintelligemmanufactugrand the digitdvale chain
sensointegrativard hybril structurgincorporatjydissimilamaterialard additie
manufactugradvances

3. SimulatigiPerformaedredictioi developpsimulatioand performaregredictio
technologsda composgtmaterialsupportopcritichtechnologand knowhow
implementatiard buildig analysgfar the circulaeconomy.

4. Desingintegratioi enhancimdesig process&far digithmanufactugrand increase
requiremesfar certificatieread desige wih demonstrati@rd fietl installatioof
composgitstructurefar technologvalidation.

Througthe® programshe AGM CRC ains to derik investmeiin compositeamanufacturing
whié simultaneoystrengthergrard growig the transporhydrogerspacedefencgcircula
economyard consunmesectorsimpatmodelligfar the CRC ove the nex 15 yeas indicatgit
wil contribute:

0 $83billim of dire¢ econorgsibenefito the economby capitalisgon emergigsectos tha
neel advancgécompositmaterials

0 1,5@diretjobs.

12ZUNSW(2022)New CRC Grant awarded to UNSW research group will pave the way in Composite
Manufacturinigttps://www.unsw.edu.au/news/2022/0gmiawardedo-unswresearcigroupwilt
pavethewayin-compositmanufacturing

1BACM CRG2023. AMC CRC Webpalgps://www.acmcrc.com/resganginiani-composite
materials
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Exploring A MA G’

Impact: analysis
framewor k

4.1 Overarching assessment framework

ACL Aller has adoptd acase stug approdeto highligtthe impatard valie of AMACThs
approdthas bean usal far alarge numbeof similaassessmesitf othe resear
organisationsa this repot, we examing 4ca® studis selectd by AMAC as representatvf
the natue of the wok they undertdoduriig its operations

Theg ca® studis provid plausild ard defensibllowe bounl estimateof the returs of

A M AsCdilaboragvesearctparticularin terns of the retun on investmetito governments
Furthermorevhié ca® studis do na provie statistidaepresentativeneggouf purposefu
sampligtheyillustragaspedofther e s esampatrhedhanism.

The cas studis hawe bea undertakeusimg an impatpathwayT hs framewdis underpinme
by amodétha seels to determimthe relationshibetwerthe researcinpus (resources)
researgactivitiegesears outputsreseans outcomesrd the potentieeconomjsocihard
environmentanpac generatfranthe researa (see Figuret.1). ACL Alle has usad ths
framewdrto evaluathe impatard vale of researig dore by alarge numbeof scientidi
organisations.

Figure 41  Impatpathway

S-S0

What is invested? What is done? What products What difference What difference
and reach? in the short to in the longer
medium term? term?

PLANNED WORK

INTENDED RESULT

Can be controlled Directintluence) Indirect influence

Source: ACAllen.

14The approach is based on that outlined in the CSIRO Impact Evaluation Guide. The most recent v
the guide can be seerai:
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4.2

Animpatpathwgconsis of:

0 Inputs T the resourceusedinvestein the projetto implemetit ard delivethe intendd
resultsincludigfinancieresourcg(projetfundinghuma resource(personnel) dn
organisatioh@esources

0 Activities i the actios takenor wok performeitha is associatéwih deliverigthe projet
goas (whathe projetdoes wit the inputs)

0 Outputs i the productsservicesapacitand/osolutioatha resuifranthe completio
of activitiswithm aprojet(i.e the dire¢ resulb of projetactivities)

0 Outcomes i whathe projethas achieve (arisintenddto achievein the shotto medim
temfranthe delivey of the progranoutpug

0 Impacts i the longtemconsequensépositie or negative)f@projeton the economy
environmeor society.

Ingeneretermsap r oginputsactvitisard outpu can be controlledvhié outcomeard
impact can ony beinfluenag(direcstor indirectly) thrdute p r ogad&itieaid outputs

Approach to measuring impacts

We hawe usal acostbenefianalysi (CBA) approato asses the valwe deliveré by the cae
studiesThs approatcompargthe coss ard benefi of the selectd AMAC cas studes The
diretcoss far the researka conductitby AMAC are mainy borre by the Commonwellt
GovernmeéthroupreseariegrantsThe diret monetarbenefgaccreto A M AsC 6
industry/governmpartnes ard the Australimcommunjoverdl(e.g throud increaseitax
revenueseducd environmeritdaamageetc.)

As wit ary attempto projetpotentifutue benefitst is necessarto male anumbeof
assumptiongke hae bean transpardmbotithog assumpti@ard hawe soughto ensue tha
they are wel informedvhié at the sane time adoptig aconservagapproaeto ary assumptio
we make.

Tre informatiogatherd throuf dat collectiofor the purposgof demonstraiih M As@ripat
pathwghas informd the quantitata/CBA of eat researis projectThe CBAfor eat case stug
include 2 summarmeasureto distithe resuk of the analysisas describein Tablet.1.

Table 4.1 Summarof measurgincluddinthe CBA

CLLEL Description SR Comparative ability
measure measurement
Ne preseh Sunofdiscountt  Resealtis Providethe abiliy to compagthe project
vale (NPV)  annubnebenefg  beneficldo analyséaccordigto the totd econonai
(benefgmins socigtif NPVis  retunof each.
costs) greatethanzeo
Benefitog Rato of the preseh  Resealttis Providethe abiliy to compaethe project
ratdo (BCR) vale of totdbenefg beneficido analyséto the degre to whit benefg
tothe presetivalle  socieif BARis outweilycoss for each.
of totd coss greatethanone

Source: ACAllen.
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Significamonquantifiabimpac hae alo bea identifiedvhit are importatrio conside
alongsidthe CBAresuls ard hae therefabean includdin ead of the case studiesThe
significanmpact of A M As@dinig are describéqualitativeln aseparatchaptewhit
documesthe resuls of the AMAC PID ard researchesurveyTle nonquantifiabimpact
identifidinclude:

0 thecontributioof AMAC to knowledgthroud publicaticrand knowledgsharig

0 capabiltard capacitbuildig throug trainig

0 enabligimpactdar examp of grang ard the AGVICRC.

Thegimpaa are includd thoroulythe reporand fom pat of the broadenarratie of the
benefggeneratgby AMAC

421 Data collection

Thre method of dat collectiowee usal to colletevidene far the impatanalysisTheg
methoslare outlind below.

Document review

ACL Allen conductita documetireviev of relevandocumestsupplid by AMAC onthe
researigprojectsas wel as publigt availaldliteratue reviewsmarkeanalysiard reports
Throubthi proces, ACL Alle developsassumptiarfor the impatframewdrard CBAto
furthetes wih stakeholdedurirg the intervies process.

Stakeholder interviews

ACL Alleninterviewgkan industy stakeholdéar ead of the 4 resears project undertakefhe
intervieswek usel to provid additionanformatimabotithe impatframewdr(inputs
activitieutputsoutcomeand impacts) attesd assumpticard the approdeto the CBAS
Thsinvolvd prepariga discussioguia ard holdig onehou discussi@onthe A M As@@ in
the projectsard the costsbenefitsand currehard expectd commercialisatieves of the
researchQuestiosion othe impad sud as tho on trainingknowledgtransferspirof
companiand publicatie@developmerand ary grans and award receivdwere alo included

PhD and researcher survey

Ashot PrD ard researchresurvg was distribuigto relevanstakeholdsidentifid by AMAC
The survg receivd 30 responsein total The survy askel 5 Likerscak questiosin relatio to
the qualiy of trainig throug AMACthe relevaneof the trainig to industy applicatigrhe
importareof AMAC to the realisatioof achievementshethethe sane trainig coudl be
receivd elsewherard havlikey the respondemwoutl be to recommeahAMAC to othersAn
opeHex questin onthe resears conducibat AMAC was alo includedT he resuls of this
surveg hawe bea presentein Chapte9.
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The Stela system

Source: SDI

5.1

Case study: Dental
Composites

The 2018 Minamat Conventioon Mercuy is an internationgllegaly bindig treay tha ains to
protethuma healh ard the environmérfiran anthropogenemissionard releae of mercuy
ard mercur compounddhe conventioproposeé 9 measurgto phag dow the use of denta
amalgen by 2020 Ore of the® measuresuggesttha dentaschod shoull educat ard tran
dentaprofessiorahrd studerg on the use of mercuryree dentérestoratioalternativedhee
measureshavthe interconnea®atue of phasig dow denthamalgens ard reinforethe neal
for amultiprongkapproactas call@ for by the Wortl Heal Organizatid WHO)?

SO Limitel (SDI)s aleadig manufacturef specialisdenthmaterialmarkete in over 100
countriggloballyThroub collaboratiovih AMACSDO developgStelaa breakthroing
technologha replaceamalgamsted is an innovativhighperformamcselfcue composit
tha delives strongeard mok efficiendentérestorations.

The Steatechnologs the resul of a stromgy partnershibetwer SDIs scientistard 3 leadin
Australiauniversitieshe UNSWthe Universjtof Sydng ard the Universjtof Wollongan
Steh was developtove a 5yea tinefrane via arigorosard scientificglprova proces ard
supporigtby the governménia grants

Ths ca% stug describethe economj@environmerit@d socidbenefg arisig franthe AMAC
SO collaboratipwhit resultd in the creatia of the Steh technology

Thg evaluatiois beiry undertaketo asses the positie impact arisiig fran projec undertake
by AMACThg case stud/ can be real as a standalarepotor aggregatéwit othe cae
studis to substantiathe impatard vale of A M As@ék in supportipthe nex generatioof
automattcompositmanufactuginnovatieard innovatorard to estimad the retun on the
investmeifiranthe fund spemon the activities

Impact Pathway

Ahighlevéimpatpathwgafar AMA@ projeton denthcompositdas summarigkn Figureb. 1.

15Reher V, Reher P, Peres KG, Per¢a0@R)Fall of amalgam restoration:yadiGanalysis of an
Australian university dental clinic. Aust Dent J. Ma8®6(1):61
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Figure 5.1

Dentacompositampactpathwg

INPUTS ACTIVITIES OUTPUTS OUTCOMES IMPACTS

I Cadisuppdrfran i CRCPgran i Creatinof Stelaa 1 Fasterstronge Economic
ARClinkag ard preparatiosupport mercuryreg self ardmoeefficieh  ; |ncreass
CRCgrants i Reseafcard curilg resh basel denthrestoratian econongiactivig

i AMACresears developmenf flowats denta throug Stela ard employment
expertisinfibre novefibe fillirg material i Reduce risof i Increasexpar
reinforogdenta reinforagédenté I Generatioof prematrfailure revenues
materik compositsystem projetIP ard ardincrease i Advancemesit
technology i Clinickevaluatioof Patenfor Lura longewtof Stea S Dslcanmerdia

i SO commerda newy develope Bixcline of restoratian manufactugn
manufactugn materials products compareto othe capability
capabiljtard i Journkarticls denthcomposige B
experience ard conferene due to eliminatio ' OpporFunlséor'

presentations of polymerisatio potentigstrategi
i Increaseskils shrinkage EEEETEL
ard knowleds T Uptak of selfcue .externbpartles
(PHD studerstard denthcomposite ~ Environmental
researcher in1Mcountrigby 1 Reduced
trained) 202-25 environmenta
i Potentidutue impacfran
outcomefor mercuy leakage.
consumersn Social
LimitdanrdUNSV i |mprovepatien
fram Lura Brux outcomes
I SOreceivdthe
AustraliaExpor
Award inthe
Internatioha
Heal categorin
2023
Source: ACAllenAMAC
5.1.1  Project inputs

As discussgtbeforeprojetinpus refe to the resourceused/investién a projetto implemetrit
ard delivethe intendd resultsin ths cas studyths refes to resourcginvestd by AMAC in
the dentdcomposisproject

AMACreceivd2researagrans far this projet(see Tableb.1). Theresourcg(in cahardinkind)
investd by SO are nd includdin ths analysi due to confidentiafilssues

Table 5.1 Cadh suppdrfar the denthcompositgprojet

Grant Body Grant Amount Duration

ARC $375,162 3yeas (20162019)
CRGP $1,681,188 3yeas (20192021)
Total $2,056,350

Source: AMA

A1l of SDI6&és products are manufactured
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51.2  Project activities

AMAC contributdto 2significaractivitisthroud ths researc collaboratiomte fird activi
wes the preparatioof the CRCGP gram awardd to the projectSO Limite statel tha staf at
AMAC weke experienchn buildig astromg narratie aroud researsgram applicatian
particularin relatia to universjtresourcesecruitmeiand trainig of PrD studentgrevios
projectard the developmenf publicationard ths expertig contributkto receivigthe grant

The secod activiy wes the materialresearcimodellipard testingwhid was undertakein
orde to develp the denthcomposetmaterial SO Limite statel tha partnerigwih AMACto
undertakthi researawas beneficlayivan the combingexpertishetl by the partiesSO
Limitd hawe been manufactugrenthprodudtfor ove 50 yearsard AMAC brougtsignifican
experierein compositananufactugnvhid providdinsighand evideneto suppdrthe
technologyrhs meamntha the researcwas boh scientificglifobusbu al had astrom focs
on commercialisati@pecitiresear activitisundertakethroug the collaboratmncluded:

6 Examinmpmechanidaard physickcharacteristisud as strengthmoduludoughness
polymesatian shrinkagard stressard rheologid@ropertieof denthmaterial(ceramics
compositeard huma teett).

0 Investigatytoupld temperaturgisplacemeim reinforagdenthcomposites

0 Analysigdentacompogitstres at the restoratietooh Interfae due to mechani¢a
loadings

0 Evaluatmfractue toughnesof dentdresh composites
0 Developathe densitymodulsrelationspifor enameard dentine
0 Investigatitbiomechanidaehaviawf functionaligrade biomateria@enthimplarg

5.1.3  Project outputs

The outpu of the dentacompositprojetinclude:

0 newdentafillirg materialard products

& newprojetlP

0 journaarticle ard confererepresentations

0 increaseskils ard knowledge.

Theg are discussain moe detdiin the sectioabelow

New materials and products

The researacollaboratiresultd in the developmenf S Dslpdientd denthcompositsysten
StelaStelawhitr SO marketas 6 ¢ the amalgma | t e risraaercunyres éelfcuringy
resh basel flowald dentéfilling

New project IP

The wok of AMAC ard SO has al9 resultd in the creatio of new IP for Lura Bruxanothe
denthcompositdevelopthroud the collaboratiwih differig propertieto Stela Lua Br
is reinforagwih surfacdreate shot glas fibresSO Limitd expetto commerciatishs
produtimminently

Journal articles, conferences and awards

Tableb.2 summarisghe A M As@ublicationsonferensand award ove the peria
20172022
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Table5.2 A M As@ublicationsonferenssard awards

Category Benefit

ME/HE Thess Produced 10
JournbArticls publishe 21
Confererpresentations 5
Source: AMAC

Acadergijourndarticls provié amoke currebvievof researcarea than textbookard posses
ahichleveof credibiltdue tothe proces of peea reviewThroufythe AMAC ard SO collaboratio
21 journdarticls wee publishe providig multig intangilelbenefg to societ ard to AMAC.

Firstlythroud the publicatioof journéarticlesthe AMAC ard SO collaboratithes advancethe
knowledgfrontieinthe advancgématerialmanufactudsectorThs has contributitoextendig
othe researchetacces to existig knowledgand may have a multiplieeffet on advancement
in dentdcomposittechnology

Furtherby publishigin acadensijournalgoresentimat conferensarnd receivigawards
AMAC has raisel the profié of thel researic ard undertakenetworkipactivitiesT hg provide
increasegopportunitdar futue collaboratisnvih othe academgard industy partneswhid
may lead to the productioof furthe paterd in the futurewhid coutl lead to royalg incore
derivd franlicensigagreementincreaseleves of fundig may al be receivd due to
improvigacadengireputatioard histoy of succesengagigin industy collaborations

Researcfundig inthe fomof grans sud as ARC ard CR@® grans are importarsource of
fundig for universitiesvih UNSVreceivig $526.i of fundig frangrans in 20227, The
succesof the AMAC stafis likey to improg ther acadenaireputatioard experierein writiig
gramapplicatiaeadigto anincreaselikelihodof receiviggrarm fundig in the future

Two studehaward wee pat of this journey:

0 KilbChoi InternatiohAssociatiofor DentdResealt(IADR) STAR NetwdtAcadem
fellowshig2020

0 Arcae Serubili Tre Beg StudehPape Awad, 10h AustralasieCongreson Applie
Mechanto(ACAMI)Adelaide2021.

Finallythe increasin publicatiarard acadengsireputatiois likey to contrib@tto the overdl
universytrankingwhit may lead to higheleves of studehenrolmenigran fundig receivd
ard acadenicollaboratiovih externeentities

Increased skills and knowledge

SO Limite notal tha the COVIELS pandenaistiflel opportunitiefar AMAC ard SO Limitel
studergardresearchstotravébetwenthe 2organisatietowok onprojecin personDespit
this the projet resultd in the successfurainig of 4 PHD studentswhid is a significan
achievemenths demonstratéhe C e nsdediediioto the trainig of its students.

17Department of Educaii@d24)Higher Education Research and Development Income time series (19
2022)
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5.1.4  Project outcomes

Commercialisation of Stela

The key outcoraof the projetwas the successfaevelopméard commercialisatiof Stela
whid offes significarbenefé ove othe dentéfillirg alternatives

0 Stehis adenthcompositmad: franmaterietha is moe dural® relatie to othe
compositcurrenylavailalg on the market.

0 Steld compositmaterialcan be placelin apatiehwithotusiry etch primebord ard
ligh cue procesrequird by competitgproductgeducig placemerine to 15 second
insted of 120

0 Anadditionidenefiof the removiof the ligh curilg proces is tha polymerisatighrinkag
does na occu (wherei polymerisatiof the compostbegis closesto the light source
creatig shrinkagof the composttard pullig materibawgy franthe caviy walls)
Shrinkagican introdue gays betwen the compositard the toothincreasithe risk of re-
introductndecay

0 Denthcompoditfilling provié aesthetibenefitto consumeras they bler inb the
surroundgteeh ard do nd have ametalé finis like amalgams$tea provide additioria
benefito consumsrrelatie to othe composgtmaterils by beirg producewithotiamine
whit can lead to the yellowig of restoraticove time

Thee beneficiaharacteristiof Steh hawe contributéto the realisatimof economijc
environmentard socidimpactdn 2023 SO Limite statel tha it expec to expor Steh to
almosal 100 of its currehexpormarket by 20242518

Potential future outcomes from Luna Brux

Althoulgna commercialidget Lura Bris likey to resulin futue outcome&far consumers
SO Limitegard UNSWLura Brix has differetpropertiefran Steh ard therefais likey to
hae differetuse casesltis aligh cued materialwhit contais shot glas fibres makig it
stroig ard fractug resistarin high stres areasPotentieuse cases cited by SO Limite inclue
restoraticafor patiers who excessivelrird thei teeth Lura Brix may lead to futue benefi
strearafar SO Limitedfran sales revena of the productu alo to UNSWwhid hold the
patemfar the Lura Bruxard therefawil receie royaly paymeistfar ary potentilesales of the
Lura Br produtin the future.

Awards

In2023 S0 limitel wan the AustraliaExparAward in the Internatiombleal categorfor
outstandginternatiohauccesin healh ard wellbeingl.S DsISt&a is mentiorgspecificglin
relatiato ths award.

5.1.5 Project impacts

Economic

Throup the AMAC collaboratio8 Dslcdmnmerdiaanufactudrcapabilthas beenimprove
allowig SO to produe highevale advancgédenthcomposites line with consume

18 Australian Export Awards. (202&national Health winner
https://www.exportawards.gov.au/en/storiaa/2@3nternatichahlthwinner

191bid.
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preference3 e creatio of new produtlines wil alo aid SO transitioawa franrevena
strearmexposdto the phaseou of mercuruse unde the Minamatconvention.

SO furthereportd tha the tine taken to produe and transpdither amalganlire of productis
somewhalelayd due to approvigprocesseinvolvd wih the movemerof mercuy productsBy
developipa denthcompositmateribwih AMAC ard replacig ther amalgen produtline in
Austradiby 20D it is likey tha processitimes for SO produatwil reduceThs wil resulina
time savitg for SO whit may be allocatd to moe producti&activitiedn producighighevale
dentacompositett is likey tha SO wil alo realig increasgexporrevena ard contrib@tto
econonaigrowt throug the employmeof hidh skillel labourequird to produe advance
dentacompositesectio 5.2.2attemto quantif sone of the® benefitsPositie review arnd
award wan far the productioof the Steh produtline hae alo improveé SO ard AMAG
reputatimard may provié aplatfomfor increasg@engagememwit externgpartis on simila
projetinthe future

Environmental

Currenyildenthamalgasiare producgusirg mercur (ard arang of othe metals)Throughdu
the installatioproces ard decg throughduher life amalganfilling le&k mercurinb patierd
ardinb the environmertisag of the Stea produtlire by dentigwil provié an environmerita
benefiby minimisionthe leakag of mercurinb the naturbenvironment.

Social

Denthamalgasprovid a durablglonglastig materiahowevehawe a metalt finid tha
sone consumerdo nd preferin contrassfilling mack francomposgtmaterialprovié amoe
naturblodk tha easi blend inb the sha ard colou of surroundirteeth Sone consumer
hawe an aesthetiprefererefoar denthcompositeard are likey to derie moe valwe franthee
produdrelatie to amalgams

Quantifiéprojetimpact are describagfurthein Sectin 5.1.@elow

5.1.6  Clarifying the impacts

Wha estimatigthe impactof A M As@8earchACL Allen mus ensue thé the benefg ard
coss countd inthe analysiare compamagainsthe 6 b a essecl ei nriehg sceaati estimate
the trajectgrof outcomein awortl whee AMAC did na undertadkthe researa project
Importantin the cas of ths projectthee is an existig trerd in the phasedomof amalgams
ard acompletphag ou of amalgen use by Australiadentistis expectéby 20D due to the
implementatiof the Minamatconventio hs is considewhaen calculatipthe avoidd

healh coss describeds benefi in the CBAmug be additiondo wha is alreast likey to occu
undethe baseliascenario

Attribution

Attributiorepresensthe extento whitt AMAC enabld impact tha hawe occurrd becaus of
this collabora@projectBenefé franthe researi projetmus be adjustd for attributioto
AMAC to acknowledghe importatrwok of othe partis involvd in the researig collaboration
A M As@téributiohas been estimateat 25% notinthé the researc collaboratial involvd
the industy partne(SD Limited) ah2othe universjtpartnes (Universjtof Sydng ard the
Universjtof Wollongongr hs figue has bean applid to the avoidd healh benefg ard the
valie adde to the Australimeconomy
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5.2 Estimated impacts

As discussetin Sectia 4.2 we hae usal aCBA framewdrto asses the vale delivere by the
AMAGSO collaboratiomhe followig sectioaoutlie the coss ard beneftt capturd inthis
analysis.

521 Costs

As outlind in Tableb.1, the nominkresearc coss of the AMAGSDO collaboratidotalld
$2 1 millim (equivaldrio $2 4 millim in 208 prices) incudéetwer 20172022.

The presetwale (PV)n 203 of the® coss usig a7% rebdiscoutrat is $30 millio (in 203
dollars)it hes been assumétha researis fung wee distribuéequall durig evey yea of the
grant

5.2.2 Benefits

We hae estimateé 2beneftrelate to the SDIAMAC collaboration:

0 Higheleves of econonaiactivig due to additioriaevena fran highperformarec
compositfa dentarestoration¥\e hae capturd this benefithroud estimateof value
added?

0 Avoidd healhimpaaassociatdwih mercurleals franamalgams.
Theg benefg are discussain moe detdibelow

Value added to the Australian economy

As notel beforeA M As@ok wih SO enabld the productioof Stelaa highperformarec
compositfar dentarestoration3 he developmeinf advancgdenthcompositmaterialis
likey to contribetto higheleves of econorgiactivig throug increasgrevenato SD|
purchasnof highevale inpu materialard employmeopportunities

Areporby PrecedemdResearchestimatetha the globamarkéfar tooh fillig materialin
2038 was valud at USDS.17 hbillion ard tha this markéewil reat USD$. 72 billicnin 283
growig at acompouhannubgrowt rae (CAGR)f®.53%betwer 2021 ard 2083 Therepor
alo provids separat estimateof the siz of the tooh fillig materialmarkéeby regim ard by
enduse (see Figures.2) ard notes tha by producthe compositresn segmethad ove 36% ©
markeshaein 2023.

20Value added measures the contribdtighpeiformance dental composites sold by SDI to the
Australian econobymeasuring thampact omages, salaries, profits and indirect taxes.

21Precedence Reseaf2B24. Tooth Filling Materials Mafietl
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Figure 5.2  Globétooh fillig materialmarkéby regim ard enduse 2023

Market share by region Market share by end-use

70%
Middle East & Africa, 3%

58%

Latin America, 6% 6o

50%
North America, 36%
40% 37%
Asia Pacific, 26%
30%
20%
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Usimg the informatioin this reportwe estimad tha the globamarke for composattooh fillirg
materialby dentapracticein 2038 wes aroud AULS6@ milliongrowig to aroud AUCH1. 4
billimin 2038 (see Figures.3).

Figure 53  Markéfar composittooh fillig materialby dentapractice20B to 203 ($m
203 dollary
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SourceACL Alle basel on PrecedermReseartt2024 Tooh Fillig MaterialMarketApril

SO exporits productto over 100 countrigavih the majornit of its revena generatgfram
Austradi (see Figureb.4). Assumigitha the markefor tooh fillig materialin ead of the
countriswhee SO generaterevena franisin line wit the siz of ther economieghen given
the siz of

0 theAustralimeconom(aroud USDS$Z.trillim in 222 accordigto Wordl Bark estimates)
the marke far composgttooh fillig materialby dentapracticgin Austradicoudl be
aroud USD$ millim (AUD$ millionni2023

0 theBrazilimeconom(aroud USD% 9trillim in 22 accordigito Wordl Bark estimates)
the marke for composgittooh fillig materialby dentapracticgin Bradicoud be aroud
USD$ milliom (AUD$3 million)ni2023
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0 theUSeconom(aroud USD254 trillia in 2022 accordigito Wordl Bark estimatesjhe
marke for composittooh fillirg materialby dentapracticein the US coudl be aroun
USD$3 millim (AUDS2L million)i2023.

The Europeamarke (whee around 30% S Dslrebena is generatfron) for composttooh
fillirg materialby dentépracticecoud be aroud USD$ 3L millio (AUD$HA million)ni2023.

The siz of the market for tooh fillig materialin dentapracticerelevatto SO is projecte
betwer 203t ard 202 assumig aCAGR of 5.53% (seFigures.5).

Figure 5.4 SO revena by location

Brazil, 7.7%

Australia, 44.7%

USA, 17.7%

Europe, 29.9%

Source: ACAlle base on IBISWor|&O Limited CompayProfile30 Jure 2023

Figure 5.5 Markefor composittooh fillig materialby dent&practicgein market franwhid
SO generaterevenug20Bto0 2042 ($m 20B dollark
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The potentiebenefd to Austradifran adoptio of SO denthcomposigenabld throug AMAC
researia (interns of vale addedjvee assessegbase on

0
0

the markéeestimatein Figureb.6

assumptierabotithe adoptinof S Dslhidh performaradenthcompositin the® market
(shown in Figures.6). We hae assumétha SO denthcomposigachiee amarkéeshae
by the erd of the projectioperia (204220 yeas franthe yea tha the technologwerto
marketdf:

25% n Austradi

7.%% nEurope

5% nthe US

25% m Brazil
the followig assumptions:

tha valwe addel by the denthcompositendusiy represestaroud 36% bits revenue

that as discussgin Sectin 5.1.625% bthe beneft generattby SO wee
enabled/cebe attributdto A M As@8earch.

Figure 5.6  Assumeadoptio of SO denthcompositeacros differetmarkets
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Source: ACAllen.

The potentikbenefi to Austradifranadoptinof S Dsldégntacomposisderive franresearis
undertakeby AMAC ove the perial 208 to 2042 show in Figures.7. The presetwvalue in 2023
of thee benefg usirg a7% rebdiscoutrat is $24 millio (in 203 dollars).
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Figure 5.7  Potentibenefito Austradi fram sales of denthcompositfillirg materialderive
franA M As@8earci203 to 202 ($m 20B dollars)
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Avoided health costs

Mercw produd ate a soure of negatig healh impact on socief in AustraliaTte uptak of
compositproduceby the SDIAMAC collaboratiis expectdtoresulinreducd negatie healh
impadt of mercuryThs sectio describe hov ACL Allen estimate the avoidd healh coss
attributablto SO Limitel and AMAC.

Arepoi2prepardfor the Departmeiof Environmeéard Energ presentiseverbassumptien
onthe cost ard benefi of Austradi phasig dow mercuryTheg impad includd negatig
impad on healthwhif showd that:

0 Mercuwris estimateto redue the Australiapopulatia®lQ at a cog to socief of $6,08
pe kilogranof mercuy enterig the environment

0 Mercyremissionare estimatetoimpatheatattack in Austradiat arae of $27,396 2
pe kilogrenof mercuyenterig the environment.

The reporal estimatetha 0.45k of mercuy entes waterwagpe denthpractie franthe use
of amalgen annually

Thg informatioon the negatie healh impact ard the amounof mercurreleasdinp the
environméneedd to be applid to estimateove tine of the numbeof dentapracticgusingy
amalgamss of 208 thee are an estimate 7,40 dentéclinis in Australi& ACL Allen has
usal this informatimard ABS populatioprojectiasto estimad the growh in dentéclinis to
2042 A203 stugy on amalgm verss composituse in the USweas analysdard it was fourd

22Department of Environment and E2&M8)Costs and benefits of Australia phasing down mercury.

23|bid
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tha dentpracticeusilg amalgashad fallen fran31.3%n 20D to 13.7%n 2026 ACL Allen
has usal this daf to assuma tha the proportioof dentd practicetha use amalgaswil follav a
similatrerd in Australizunti acompletphag ou of Australiadentist usirg amalgasiby 20D
dwe to the implementatiof the Minamaitconvention

Theg assumptiardevelopdthroug the literatue revievallowd ACL Allan to estimag the
amoutard healh cog of mercur enterig the environméfrandentépracticein Austradifran
203102042 Theg figure wee then adjustd far the assumeé adoptio of SO denta
compositgsee Figures.6). As discussetin Sectio 5.1.625% bthe benefg generatkby SO
wee enabled/cebe attributeéto A M As@8earch

The potentieavoidd heallh coss franthe adoptio of S Dsldénthcompositderive fran
researicundertakeby AMAC ove the perial 208 to 204 is show in Figures.8. The presen
vale in 203 of the benefg using a7% rebdiscoutrat is $03 millio (in 208 dollars).

Figure 5.8  Potentibhealh benefgto Austral franreductiogin mercuyleals fran
amalgam2@®@3to 2042 ($m 20B dollars)
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5.2.3  Netimpacts

The coss ard benefig to Austradi franthe SDIAMAC researi collaboratioon denté
compositgo 202 are shown in Figures.9.

24Dentino FC et @023)Amalgam or compositgeiiatridentistry: Analysis of private insurance claims
data. J Am Dent Assoc. 2023 Aug;154[81 #8). doi: 10.1016/j.adaj.2023.04.015. PMID: 37500233.
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Figure 59 Cossard benefitto Austral fran SDIAMAC researi collaboratimn denth
composite2@3t0 2042 ($m 20B dollars)
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It is estimateéthat unde the assumpti@outlind abovethe SDIAMAC collaboratiovoud!
genera (in presetivale terns in 2028 at 2023 constatyprices):

0 $236millimin additionavale addel

0 $03milliminhealh benefits

0 $30milliminresearacosts.

In NPV termsthe overdlbenefiof the projetin 2038 usirg a7% rekdiscoutrae coudl be
$209 millim (in 208 dollars)

The BAR of the projectobtaind by dividig the presetwvalue of benefit by the presetvalie of
costsis estimateito be 790 Ths meas that for evey dollaiinresearagransg investdin the
denthcompositeAMAC enabld $790 in benefits

Sensitivity analysis

Given the uncertaigtassociattwih mary of the assumpticrusel in the CBA sensitiwt
analysiwas conductito asses the sensitiwtof the result to substanti@hangsin the
followigassumptions:

0 discoutrate

0 assumeadoptinrat of S Dslcdmposites

The resul of the sensitiwtanalys are presentein Tableb.3. As showminths tablethe BCR:
0 increasgwith:

areductinin the discoutrate
anincreasinthe assuméadoptinof S Dslcdinpositdoy 2042

0 decreasswith:
increasein the discoutrate
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decreaseinthe assumeadoptinof S Dslcampositey 2042

Howevein al casessubstanti@hangsto ead of the assumptiawer na sufficietto resul
in aBR of less than ore (o anegatig net presetivalue).

Table 5.3 Sensitiytanalysii impatof sensitiwttess on the economyvice impact

NPV ($M) BCR

Central case $20.9 79
Discount rate

Decreasfran 7% 6 3% $35.7 145

Increasfran7% 0 10% $14.0 52
Changes in adoption of SDI's composites by 2042

Reduced adoptin by 50%ri eat market $10.1 4.34

Increasgadoptin by 50%n al marketsexcep $44.9 15.81

Austradiwhee adoptinisincreaseto 95%

Source: ACAllen
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Case study:
Composite Tanker

Roal tankes are moto vehiclefitted wih tanls designeto cary gase ard liquid sud as
gasolingieselliquefid petroleupmaturbgas and industriechemicalon road<? Specialisk
technigueand processgare requird to manufactaard maintai the tanls due to the
hazardaard volaté natue of the car@ beirg transported.

Omni Tank Containers OmmTankeis aprivatglhetl Australimcompayntha designsdevelopsard manufactuseark
~. ’ containarard road tanke equipmerbasel onits patentd advancgécompositmaterial

\ technologylec o m psaae fods istoinnova bette way to mowe ard stoe dangerauiard

difficdlliquid ard gassesimprovigtranspdieconomgard safetywhilsreducig

environmentanpac onsocietyOmmT a n skeeguipddris usel to transpdiand stoe

aggresse/Clas 8corrosi@chemicalin Australigeuropeard Norh Americ&s

Source: Omni Tanker

OmmTankeard AMAC collaboratbon 4projecwhit involvd developinrepai ard rewok
procedussfor OmmTankerthe certificatioof OmmT a n k e r sirdthe ¥Sghe dewelopmén
of awaterjecuttig technigefor OmmTankepartsard feasibilttestiig of live structuddnealth
monitoripfor OmmT a n svehiclés

Ths ca® stug is beirg undertaketo describ the econongiard environmerltempadc arisig
franthe® project undertakeby AMAC ard Omm Tanker.

Ths assessmértan be real as astandalanrepor or aggregatkwih othe ca® studis to
substantiathe impatard vale of A M As@dk in supportionthe nest generatioof automatd
compogtmanufactugrinnovatigand innovatorand to estimat the retun on the investmen
franthe fund spenonthe activities

6.1 Impact Framework

Figures.1 belavprovidsa highlevé overvier of the impatpathwgof the AMAC ard Omi
Tankecollaboration

25|Inbound logisti€®8024. Tanker Trucks: Types, Capacity, and Safety
https://www.inboundlogistics.com/articlesftakkér

260mni Tanker. (n.d).Aboubtt}ss://omnitanker.com/absiut
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Figure 6.1

Compogttankeimpatpathwsg
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6.1.1  Project inputs

Projetinpus refe to the resourceused/investién aprojetto implemetit ard delivethe
intendd resultsinthis case studythi refes to resourcginvestd by AMAC in the composit

tankeprojects

AMAC receivd fundig fran Omm Tankefar this projetin 208 ard 200 ard ore PHD studen
workig onthe® projec@was funde throug ARC fund far 35 yeas (see Tables.1).

Table 6.1 Cad suppadrfor the composttankeprojet

Grant Body Grant Amount Duration
OmmTanker $144,271 2yeas (2018019)
ARC $109,242 35yeas (20172020)
Total $253,513

Source: AMA
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6.1.2  Project Activities

OmmTankeard AMAC collaboratbon 4projectsAdescriptioof the® projectard the
activitisundertakeare providd below.

0 Tankerepaiard rewok projectAMAC ard OmmTankecollaboratio develp
standardisirepai procedusfor composttankersThe highy chemicatiresistan
compositlaye insia tankes can be damage durig serviceDLe to the volatilit of the
chemicalbeimg transportethnkes requie methodtha can ensue hidgh integritfollowig
repairThs projetinvolvd researis on polymeyard havto jon themwit lowresiduk
stres to successfylperfamrepairs

8 Waterjecuttig of tanke parts Omm Tankefour tha waterjecuttig causd damagto
the composgtpars wheninitiatig acut Throub ths projectan AMAC PID studen
conducttestiig to identif amethd of waterjecuttiig tha woutl addresthisissie (see
Figures.2).

Figure 6.2 Demonstrati@f delaminatialurirg testig of waterjecuttiig on alaminate
compositpart

Pop-up delamination

Source@u Y Et al (2022)Mechanissof popup delaminatian laminatécompositepierced by the initidpue waterjein abrasie
waterjemachinindnttps://www.sciencedirect.com/science/article/abs/pii/S0263822322007243#f0055.

0 Tankelive structuddnealh monitoringhis projetinvestigatithe feasibiljtof usimg optica
fibe technologidor live structurdnealh monitorgp(SHMYf tankes on the road An AMAC
PID studehsupportéthi projectwhit als includd the forme NSV Road ard Maritira
Servics, todevelp aca® stud of the use of continuadegre of freedmopticfibresin
tanls to undertakreaitime structuridnealh monitoring ke particuleroke of AMAC onthis
projetwas to investigatthe use of an alternatevmateribas pat of the SHM systenthd
woudl sa\e costs

0 USroatankecertificatioprojectalthoug A M As@golvemein ths projetwas
relativglsmalard toward the erd of abroadeprojectAMAC performgcomposit
materialtestig to suppdrOmnT a n kUS roadtankecertificatioprocessThroug this
projectOmmTankeal® collaboratbwih the US Departmeiof Transportatid/ol@
Center.

6.1.3  Project outputs

The outpud of the composttanke resear projetinclude

0 3firstofakird manufactugnechnologies
0 researgto suppdrcommercialisatiand expansioefforts
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0 journaarticles
0 increaseskils ard knowledge

Thee are discussein moe detdiin the sectioabelow.

Manufacturing technologies

AMAC helpel OmmTankedevelp the followig 3majo innovatiain the productivard
maintenaeof tanks (whit are navat varios stage of implementatiat OmnT a nk e r 6
advancgmanufactugriacily in Westen Sydne)”:

0 Newprocedwrto jonthermoplassisvithnatarki as pat of the tankerepaiard rewok
projectAMAC ard OmmTankecreatd a nevway to jon thermoplassigvithn a tank
whid proteits underlymcompostlayes frandamag whié maintaingthe integrt of
the seal

0 Fiveaxswaterjeprofiligmanufactacel i the developmenf a fiveaxs waterjeprofilig
manufactaicell Ths newmethd of precisiocuttig composisuse wate pressugard
abrasivewithotthe neal for manuBabourlt is saferreduce wase ard prevergdamag
tothe tanke part Ths innovatioled to OmmTankesecurig fundig throub the NSV
G o v e r sMaraufadtugModernisatid-undwhid was used to incorporatthe new
technolognb production

0 Smarsensigtechnologusimgfibe optisi the AMAGOmmTark collaboraticalw led to
the developmenf a highy innovataysmarsensig technologusim fibe opticswhit
providsstructuddnealih monitorgpdurig manufactugrand for the entie life of the
product-ibe optc sensa can be embeddithroughduhe compositlayes of the tank
givig Omm Tankeand its customarcomprehensifeedbakabow ary structudalamag
as som as it occursso it can be addressiquicklyand the potentifor moe significan
damag can be minimisedmm Tankenotel tha ths technologhas na been
commercialides of May 2024.

Certification of Omni Tanker’s equipment in the US

Researh ard dat collectioundertakeby AMAC supporidOmm Tanketo submidag to the
US Departmeiof Transpaorvhit resultd in certificatroof OmnT a n sequip@dinthe US

Journal articles
The projetresultd in 3 journaarticle beimgy published

Increased skills and knowledge

Ths collaboratithes resultd in trainig for ore highedegre by researe studehard 5
postdoctolellove at UNSWALt OmmTankerseverbstaf wek traine on the machinipof
compositghroug the® projects.

6.1.4  Project outcomes

Commercialisation of tanker repair procedures in Australia, EU and US

The procedureard processgto jon thermoplassigvithin atark developgthrout the tanke
repaiard rewok projetare nowv used by OmmTankein Australighe EUard the US Omnm
Tankenotel tha the repai procesis novfimoe refinedstandardiskard procedural f @l | o wi

27Templetqri.(2020. UNSW and Omni Tanker find a winning formula in advanced composite
manufacturing
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the commercialisatiof the researc findingsT hs technologsignificaitenhancethe servie
life of the tank.

In-house, automated capability for cutting tanker parts

Alhoudp OmmTankenotel tha the inhou coss of usimg waterjecuttig ard manub
technigueate similarseverbkey beneft of the fiveaxs waterjeprofilig manufacting cel
weke highlightedFirstlywaterjecuttilg is an automatkprocesswhit frees up valuald skill el
laboufar use elsewherin the businessAutomativalo result inimprove wok conditiosifor
employee&urtheralthougmog tanke pars ate stil purchasgthrougy asupplieasitis moe
cog-effectivaghe inrhoug capabilitallovs for reactie repais when aclietirequire anewpat
wih afag turnaround

Expansion of Omni Tanker into the US market

AMAC contributkto the certificatioof OmmT a n deaaditadkes in the US throug composit
materialtestingOmmTankeis novapproveéwit unis in operatioin the US sin@ 2020.

Enabling funding and business opportunities

OmmTankenoteal tha the collaboratisnvih AMAC hae contributito furthefundig
opportuniseand coud lead to businesopportunitsen the future

OmmTankenota tha they referenewok complewih AMAC in grarn applicatic@whid
contributeto ther overdlproposal AlthougOmmT a n dapplicatiainclue examplkefran
abroal rang of collaboratarde AMAC collaboratismre stil a contributigfacto to the
strendt of the overdlapplicatio®®mm Tankehas receivd a Globalnnovati@iinkagegran
ard agran franLockhegMartm followig the AMAC collaboration

Furtherthe collaboratiowih AMAC has facilita@OmmnT a n «kinealvémem the AGVICRC
In Octobe2023 AGVI CRC announakaprojetwih OmmTanketo creag a figithtwirdof its
pild productioplanta moe tha maris a significarieg toward optimisipcomposite
manufacturing.

OmmTankeals notel tha the journfpapes developeas pat of the collaboraticoud be
usal in futue marketigard provig ou of technologsdy the businesOmmTankestate tha
journépapes highligttheb u s i n e s &ddekparierwin apaitiguleareaOmmnTanke
has usal journéarticle in the pag to open businesdevelopménpportunitieir exampldoy
demonstratjnhe positie scientifioutcomgof the technologor in exchangewih internatioha
governmesito receie approval OmmTankehas nd ye used the journbpapes develope
throub the AMAC collaboratithu expea to do soin future

6.1.5 Project impacts

Economic
The 3econonsibenefgidentifidthrouy this researia collaboratiare:

0 avoide coss franthe extendd life of tankers
0 increaserevenafranthe expansioof OmmTankeinb the US market
6 noer efficiehuse of skillel labounthrouh automatéwaterjecutting

OmmTankenotel tha the repaiand rewok procedusewil leal to the extende usefulife of
ther tanls in Australighe US ard the EU OmmTankenotel the at ths stag it is difficulto
estimad the numbeof yeas tha the procedusawil extenl the life of the tankersard the it
woull deped onthe aggressematue of the chemicalbeiry transported
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Afurthebenetiof the collaboratmas the expansimof Omm Tankeino the US markéfollowig
the certificatioof thef equipmenTo provié anindicatioof the scaé of the US marketOmn
Take estimatetthe totd assessablmarkéfar tanke sales in the US to be USD$78millio per
annunm8 Thg opes up significarbusinesopportunitidar OmmTanke(benef#specificalifor
the corrosiw chemidaankemarkeare estimatein Sectin 6.2.2.

Finallythe commercialisatiaf the waterjecuttig technigueat OmmTankehas resultd in
automatgaprocestha was undertakemanuajiby skillel labowat OmmTankerThs
increasethe overdlefficiengof the businesard coudl lead to freedup laboucontributgito
additionlaevena streams

Environmental

OmmTankenotel tha pat of its valwe propositioto the markeis throud its Environmental
Socidand Governam(ESG) missiofRa exampledOmmTankenotel tha ther tankes resuiin
a5-10% paylabuplitcompareto othe tankes on the marketwhit reduce fud usé®ard thus
greenhowsyas emissiongExtendigthe usefllife of the tankes throug improverepaiard
rewok procedusawoudl alo resulin less wase ard resoure usa@ by delayig the replacemen
of tankes inthe fleet

6.1.6  Clarifying the impacts

Wha estimatigthe impactof A M As@8earchACL Allen mus ensue thé the benefg ard
coss countd in the analysiare compargagainsthe baselia scenariorhs scenad estimate
the trajectgrof outcomein awortl whee AMAC did na undertakthe researic projectFa the
estimatioof impactdt is assumétha OmmTankewoull na hae succeedgin enterig the
US markewithotithe finding franthe researa collaboratiowvih AMAC

Attribution

Attributiorepresensthe extento whitt AMAC enabld impact tha hawe occurrd becaus of
this collaboraprojectBenefit franthe resears projetmud be adjustd for attributioto
AMAC to acknowle@ghe importarwok of othe partis involvd in the resear collaboration
OmmTankehas providd an estimad of 5% fothe attributioof the listed projetimpactto
AMAC

6.2 Estimated Impacts

As discussetin sectin 4.2 we hawe usead a CBA framewdrto asses the value deliveréby the
AMAGOmMmTankecollaboratioAccordigto OmmTankerof the 4 collaboratwresears
projectundertakeffinding fram 3of the project have bean commercialisethog 3project
weke the tanke repai ard rewok projectthe US roal tanke certificatioprojectard the waterjé
cuttig of tanke pars projectArang of benefgt are derive franthe projectsas discussgin
Sectin6.1.5

Notiig the commerdiaensitivitgeof the® projectdhe impact estimatein ths sectio are
basel on broal figure on the US tanke markéesupplid by OmmTanken\e hae assessethe
potenticbenefd of the AMAGOmmTankecollaboratiusiry the® figure ard publict
availaldinformation.

28This is based on an estimapmbximately 5000 tankers sold in the US at a unit p#itBG0QUED
Source: Omni Tanker

29This would also result in cost savings for businesses, which have not been estimated due to comr
sensitivities of the Omni Tanker fleet.
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The followig sectioasoutlie the coss ard benefg capturdin the analysis.

6.21 Costs

As outlind in Table.1 the nominbresears coss of the AMAGOmmTankecollaboratio
totalld $253,53 incurrd betwer 2017 ard 220 (equivaldro $299,08in 2023 prices).

The presetwale (PV)n 203 of the® coss usirg a 7% rebdiscoutrak is $333,86(in 203
dollars)it has bean assumétha researa fund wee distribuéequail durig evey yea of the
grant.

6.2.2 Benefits

As notel abovegiven commerciaensitivitie©mmTankewas ony abk to provid informatio
regardigA M AsCdntributicto OmmTanke® expansioinb the US market

OmmTankehighlighttthe followig project undertakeby AMAC whit contributito Omm
T a ndmarkegxpansioinb the USin 2020

0 developmeif repaiard rewok technologies

0 exploratgrcharacterisatiof compositmaterialfor tark structureas pat of the US roal
tankeproject

0 advancdwaterjecuttiig techniques

OmmTankenotal tha the® effors contributkto them beirg abk to directf targethe US
corrosiwchemicalmarkesegmetwih avale of approximateUSD$6 millio per annun
(equivalerno aroud AUD$8 millim per annum).

The expansioto the US markeis likey to contribétto higheleves of econorgiactivig throuf
increaseérevenato OmmTankempurchasgof highevale inpa materialard employmeén
opportunitgtanis are manufactudén NSV ard shippdto the US.

Assumigitha the corrosie chemidaark markein the US grovs at aCA@QR of 4.5% betwee
20D ard 20D ard at aCAMR of 2.3%hereaftahroug to 20893031, ths markécoud reat
USD$14 millimin 203 (equivaldrio approximaiehUD$18millionsee Figures.3).

30skyques{2024)Chemical Tanker Market Insights, Accessed May 2024
https://www.skyquestt.com/report/cHankeal
market#:~:text=Chemical%20Tanker%20Market%20Insights,period%20(2024%2D2031).

31The Business Research Comfi2084Lhemical Tankers Global Market.Report
https://www.thebusinessresearchcompany.com/repottokemgit@bamarketeport
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Figure 6.3  Estimam@markéfar corrosig chemidaanis, 202 to 203 ($m $2023
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The potentikbenefitto Austratifranadoptinof OmmT a n dtamls irithe US enabld throud
AMACreseara (interns of valle addedjvee assessebasel on

0 the markeestimatein Figures.3

0 assumptierabotithe adoptinof OmnT a n dtamls irdthe US markée(shown in
Figure.4). We hae assumétha OmmnT a n dd¢amle aghiee amarkeshae by theerd
of the projectioperia (29, 20 yeas franthe yea tha the technologwert to marketpf
20%

6 thefollowigassumptions:

tha valwe addel by the boile ard tark manufactugrindusy represestaround 40% 6
itsrevenue

that as discussgin Sectin 6.1.65% dthe benefggeneragbyOmnT a nk er 6
expansioto the US wee enabled/cebe attributéto A M As@e8earch.

Figure 6.4 Assumeadoptinof OmmT a n dtamkesin the US market
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The potentiebenefd to Austradi of the researi collaboratmundertakeby AMAC ove the
peria 202D to 203 are show in Figures.5. The presetale in 2023 of the beneffusig a
7% rebdiscoutrat is $3 millio (in 208 dollars).

Figure 6.5 Potentitbenefito Austradi fram sales of OmmTanketanis in the US derivd fran
A M As@e8earc202 to 2039 ($m 20B dollars)
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6.2.3  Net impacts

The coss ard benefg to Austradi franthe AMAGmmTankereseark collaboratiare shova
in Figures.6.

44
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Figure 6.6  Cossard benefitto Austradifran AMAGOmmTankeresears collaboration
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It is estimateéthat unde the assumpti@outlind abovethe AMAGOmmTankecollaboratio
woudl generat (in presetivalue terns in 2023 at 203 constatprices) approximatd millio in
vale added

In NPV termsthe ne benefiof the projetin 20238 usiry a7% rebdiscoutrate coutl be
$2.7millie (in20B dollars)

The BAR of the projetis estimateto be 9.0 meanigthd for evey dollaiin researacgrang
investd by AMAC inb the composittanke researcPAMAC may enale $9 in benefits

Sensitivity Analysis

Given the uncertaigtassociattwih mary of the assumpticrusel in the CBA sensitiwt
analysiwas conducigto asses the sensitiwtof the result to substanti@hangein the
followigassumptions:

0 discoubrate
0 assumdadoptinof OmmT a n sktamls irfthe US corrosiechemidamarket
The resul of the sensitivtanalys are presentetin Tables.2. As shown inthe tablethe BCR:

0 Increasgwith:

areductinin the discoutrae die to the tire valuwe of mong (i.e adollatoda is worh
moke than adollatomorrow)

anincreasinthe assumdadoptioof OmmT a n dtamls irdthe US corrosie
chemicdamarket

0 Decreaswith:
anincreasinthe discoutrate

adecreaginthe assumdadoptioof OmmT a n dtamls irthe US corrosiechemida
market
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Inal casessubstantizhangsto the assumpti@wee nd sufficietto resulina B(R of less
than ore (ar anegatig NPV)

Table 6.2 Sensitiytanalysii impatof sensitiwttess on the economyvick impact

NPV ($M) BCR
Central case $2.7 9.0
Discount rate
Decreasfran7% 0 3% $4.1 139
Increasfran7% 6 10% $2.0 6.7
Changes in adoption of Omni Tanker’s tanks in the US by 2039
Reducd adoptin by 50%(fran20% ¢ 10%) $1.2 47
Increasgadoptio by 50%(fran 20% @& 30%) $4.1 133

Source: ACAllen
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Propeller blades made

Source: AMAC

741

Case study:

Composite Propeller
Blade

Compogtmaterialhae the potentito improg marie propulsioefficiengthroud the

creatio of adaptie pitd marie propellerd he adoptio of automatémanufactugn
technologieparticularlAFR offes aunige avene for producigpars wih curve fibe pathsa
productiomethd tha has na bean thorougkilexplord previously

The Defene Sciene TechnolggGrow (DSTG) veaafoundig partneof AMAC fran2017 ard
the PlatformDivisia has investd and engagd extensivgin AMAC researiein advanog
compositancludig automatigthermoplastigeerformamassessmentibie optt sensors
simulatimand productioof acompositpropelleblade Ths propelleblaa: provideenhanog
pith adaptabilifeatursard increasestrendt ard deflectiolimitsleading toimprovemesin
propulsioefficiency

FurtherAMAC in conjunctiowith DSTG has produce studis focussigon developinthe too
ard knowledgrequird to manufactaadaptig propellewit embeddisensas usirg the ARP
methodTheg sensa colletdat on the statis of the propelleblaa and can be useal to monito
its conditioPAMAC has al® developgsimulatiomoded to understabhhovimpatdamag
affecs compositmarie propellerard the effecs of moistue uptak on performance

Ths ca® stug describgthe potentidutue econongiard environmentaenefi tha coudl arie
franthe AMAGSTG collaboratiom particulait assessgthe potentiebenefi of the adoptin
of the shae adaptig marie propelleby defene vessels.

Thg evaluatiois beiry undertaketo asses the impad arisiig fran projec undertakeby
AMACThg ca®e stug can be real as astandalamrepaoror aggregatbwih othe cas studis
to substantiathe impatand vale of A M As@ 6k in supportithe nest generatioof
automattcompositmanufactugrinnovatieard innovatorard to estimag the retun on the
investmeifiranthe fund spemon the activities.

Impact Pathway

Ahighlevéimpatpathwgfa A M As@rojeton compostmarie propelleris summarigsin
Tabler.1.
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Figure 7.1

Compogtmarie propelleimpatpathwg

INPUTS ACTIVITIES OUTPUTS OUTCOMES IMPACTS
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manufactugn witembedde i Journbarticle shiftig propelle et
technologies Sensors ard conferere bIadethet monito N
particulaylAFP i Developm presentations Sl efficiency
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externgpartie navavessels

i Potentiaeducd
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extendélife of
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drive shafs

Social

T Mok effectig
nationkdefene
franreducd
Noi® generatio
ardthe absene
of a detectahl
Amagnet.
Ssignamar
composit
propelle

Source: ACAllenAMAC
71.1  Project inputs

Projetinpus refe to the resourceused/investién a projetto implemetrit ard delivethe
intendd resultsinthis case studythi refes to resourceinvestd by AMAC in the composit
propelleproject

AMACreceivdfundig far ths projetfranthe ARCard DSTG (see Tabler.1).

Table 7.1 Cash suppdrfar the compositpropelleblaa project

Grant Body Grant Amount Duration

ARC $190,000 5yeas (20172021)
DSTG $870,000 4yeas (20162019)
Total $1,060,000

Source: AMA
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71.2  Project activities

AMAC undertdo 2significaractivitisthroud ths researc collaboratiofte fird activi
focusd on developinthe toos ard knowledgrequird to manufactapropellerwih embeddi
sensa usirg AFRP ARP producemoe consistdrard highe qualig structurecompareto
existig compositmanufactugnechnologsherelg improvigsafetylntegratdembeddi
sensa allavfor the detectinof fauls or damag durilg manufactugrard operatiampromptig
eary repais as wel as the productioof consisterard relial# highqualy structure¥ DSTG
statel tha akey aim of ths engagemémwas to condutresearis wit universitsgthroug PHD
programard to gan knowledgthrouf researchreexchangewih Frenb institution AMAC
broughaconsiderabhmoutof expertisard knowledgon composgtmanufacturingcludig
AFR whit DSTG savwas highy valuata to the collaboration

The secod activig was the developmenf simulatiomoded to asses the underwatémpat
ard damag developménf compositeSensawee embedd:ino the ARP fabricate
componegto monitochangein the compositpropellebladesincludigcomponéistres
franmoisturard temperataias wel as changs occurrigdurig impateventsimpattestig
of the compositmateriewas conductin Frane and Australisard aUNSVstudehengage
throug AMAC develope anew nondestructestestiig technigaito inspetimpad (see
Figurer.2). In additia to examinithe underwatémpatperformamrof compositestha tess
wee alo conductedud as examinigthe roke of crystalliniton the variatin of characterisi
thermoplasttompositedie to seawateageing.

Figure 7.2  Structurdestiig of compositpropelleblades

Source: AMA

DSTG statel tha partnergwih AMAC throub boh collaboratisnvas beneficiaard contribute
to the critichissie of workforedevelopméim the advancgmanufactugrspaceDSTG
appreciatkthe levé of engagemethroup AMAC ard has employaore of the PHD studers
involvd inthe collaboration

7.1.3  Project outputs

The outpu of the compositpropelleprojetinclude:

0 newapplicatioof compositmateribfar use in pitd adaptie propelleblades
0 journdarticle ard confereregpresentations

0 increaseskils ard knowledge.

Theg are discussain moe detdiin the sectioa below

32S0MAC. (2021). The SOMAC CRC prodpgututadvancedmposites.coiwp
content/uploads/2021/02856MAEGCRCProspecty802102088ppendix. pdf
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New application of composite material

AMAC designd ard manufactudea 1.3 metrdorg composithydrofopropelleblac usirg
AFP The hydrofédesig comprisetof 2 mah componest thed ¢ o dtee® s &Tie codis
mack of glassfibre/epgxo minimis manufactudrostswhereaghe 6 s Ksia 96aye
carbon/epgypreprg laminawrappd aroud the coe usirg AFP The AFP manufactudn
procesallowd tailord stiffnesto be introduato the passie shapeadaptig materialvhils
the integrat@opticéfibe sensos allowd monitormof operationperformareqses Figurer’.3).

Figure 7.3  Hydrofdipropelleblad wih embeddidsensors

Interrogator

SourceAMAC

Journal articles, conferences and awards

Tabler.2 summarisghe A M As@ublicatiaard conferensve the perial 20172022
Table7.2 A M As@ublicatiarard conferences

Category Number
PHDthess produced 3
ME/HE thes$ produced 3
Journkbarticls publishe 11
Confererspresentations 5
Source: AMAC

Throuf the AMAC ard DSTG collaboratn3 PrD ard 3ME/EE thess wee produced1 journa
article wee publishedard 5confererepresentatisrwee given providig multig intangilel
benefdéto socief ard to AMACTheg outcomeare likey to:

0 Contribetto extendimothe researchegacces to existig knowledgand may hae a
multiplieeffe¢ on advancemesin marie composisamanufacturing

0 Raigtheproféofpar t i ci phahidttmsyea tofatseediabaraticand gran
opportunitieBicreaseleves of fundig may alo be receivd due to improed acadengi
reputatimand histoy of succes engagigin industy collaborations

50
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0 Contribwtothe overdluniversjtrankingswvhidt may lead to higheleves of studenh
enrolmengran fundig receivd ard acadengicollaboratiovit externkentities

Increased skills and knowledge

DSTG notal tha the COVIEL9 pandendiaffectd opportunitsdar AMAC PHD studergard
researchsto travébetwer Austradiand Frane to wok on projec in personDespé this the
projetresultd inthe successfarainig of 3 PHD studerstard 4 postdoctorbresearcherard
the developmenf a novéted setyp for underwatémpattesing equipmerard durabilt
testig procedussfar compositpropellers

7.1.4  Project outcomes

Akey outcora of the AMAG@STG collaboratids tha the researia may enale futue largescaé
manufactugrof intelligeshapeshiftig propelleblads tha monitother own performarec
ard adapto changigconditiosin the waterThe use of fibe reinforogplastt maks the
propelleblac significantlighte than alternativssard combingwih the shapeadaptie design
reducs fud consumptisignificantfor maritiravesselsFurthermoyreompositalo hawe
hich resistareto fatige ard corrosiorieadig to longelife cycle of the compone#t.

The researcalo resultd inthe awardig of the 200 JEC Asia InnovatinAwad to AMAC in the
marie categorfar the fultscae hydrofodesig wih embeddiopticéfibe sensord? The JEC
InnovativAward is a worldwiglprogran tha ains to identifypromat ard rewad innovatey
compositsolutiondBy winnig the awardAMAC staf wee presentgwih the opportunito
netwdtwit arang of high performuninternatiomeesearchesiin the advancgécomposite
manufactugrspae ard promat the wok of AMAC ard UNSWFurthermoyths awad
recognisethe hich qualiy ard innovativnatue of A M As@éearie ard promotethe composit
propelledesig toindustryacadenaiard governmesectors

Anotheoutcora of the projetwas internatiohaollaboratisnvit the Frent Directingénéra
de 'armemaerard the InstittFrancas de Recherchpou I'Exploitatiode la Mer (IFREMER)
oceanograginstituteThs collaboratnprovidd DSTG ard AMAC wih the opporturyito
furthedevelp sciene ard technologcapabilttha may na otherwishae been availaldin
Australia

7.1.5 Project impacts

Economic

Akeyimpatof A M As€dilaboratiwit DSTG has bean huma capitéformatiothroug the
trainig providd to PHD studergard a postdoctorestudentAccordigito DSTGthe AMAC
cente has contributito workforedevelopmeby providigindustryeaq Ph3 who can quicky
integraginb advancgcompositmanufactugrenterpriseand contribgtto busines
generatiof hg has contributkto developima moe productivard innovateworkforein
Australia

In additiopwhié currenyithe composatpropelleproducegby AMAC does nd possesa
technologreadineslevé hich enoug for applicatiarin defencgt is possild tha in the future

33SOMAC. (2021). The SOMAC CRC prodpgututadvancedmposites.coiwp
content/uploads/2021/028546MAECRCProspecty802102088ppendix. pdf

34UNSW. (2019)JNSW researchers awarded for innovative marine propeller blade
https://www.unsw.edu.au/newsroom/news/2019ddeansvemvardedorinnovativenarine
propelleblade
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advancgcompostpropellarcoud! be fit to existig ard futue navavesselsThe potentia
benefgof ths coudl include:

0 Improvelongewtof navavessépropellerard drive shaftsand reducd sustainmen
costscompositpropelleblads are na ony moe resistaito corrosinrelatie to nickel
aluminionard brone (NABpropellerbu al are moe resistartoimpatdamag die to
the mallealeinatue of the materialThg resuls in reducd damag to the propelleard drive
shaf fran strikesStructuddealh monitorgpmay al contrib@tto extendigpropelldife
by providigred tine update on the integnit of the propellerd ke improve longewtof the
propellerard the reducd numbeof manubinspectiadue to the inbuilsensm are
expectetoresulin reducd sustainmegosts.

0 Codsavingthroupanincreasinfud efficiencyhe lightweigmatue of the composit
propellerard pitd adjustabldesig of the blade coutlincreas the fud efficiengof nava
vesselsThe compositpropelledesig provide a75%°>weighreductiorelatie NAB
materialsvhit combingwit the shae ard behaviawf the compostmateribcoudl
improg the fud economof vessels.

0 Reducdnoi® ardvibratiorthe compositmateriaimay redue the noi® ard vibratin of
vessed relatie to NAB propellerprovidigoperationadvantages

Environmental

If compositpropelledesigr are adoptd by navavesselghi coud contribétto reducig the
overdldiesérequiremenf shipsreducigtotd greenhowsgas emissio per kilomeg of vessé
operatiarn additiorthe ARP proces used to lay compositmaterialduriig the manufactudn
procesis efficienimprovequaliy ard reduce the wase materigproducedsmatrmonitorin
viafibe optc sensas coudl redue the frequengof physiclinspecti@reducigthe carbo
footpritof inspectiathroughdhe lifecycle

Social

Adoptigcompositpropelleblads in navdvessed may al resulin moe effectig nationka
defenceCompaitto NAB propellercompositpropellerprodue less noi® and do nd hawe a
detectabli ma g% ie ¢ m. B Thanreatbha compositpropelleblads woull redue the
likelihodof navdvessed beirg detectd whid provide advantagen defene applications.

7.1.6 _ Clarifying the impacts

Wha estimatigthe impactof A M As@8earchACL Allen mus ensue thé the benefg ard
coss countd inthe analysiare compargagainsthe 6 b a essecl ei nrehg steoati estimate
the trajectgrof outcomein awortl whee AMAC did na undertakthe researc projectTre

ba® ca® scenadfar this projetassumetha navavessed woud continato utili€ NAB
propellerin the absene of the researieinb the compositmarie propelleblade The researie
focusd on the adoptio of automatémanufactugrechnologsard the use of inbulisenses
whit hawe na bean thorougkilexplord previous)yhis the CBA assumetha it woull na be
possild for the propellarto hae bea developgunde the baselia scenadin the absene of
the collaboration.

35S0MAC. (2021). The SOMAC CRC prodpgututadvancedmposites.coiwp
content/uploads/2021/028546MAECRCProspecty802102088ppendix. pdf

SBUNSW. (2019)JNSW researchers awarded for innovative marine propeller blade
https://www.unsw.edu.au/newsroom/news/2019ddeansvemvardedorinnovativenarine
propelleblade
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Attribution

Attributiorepresesthe extemto whit AMAC enabld impact tha hawe occurrd becaus of
the projectBenefitfranthe researk projetmus be adjustd for attributioto AMACto
acknowledghe importatrwok of othe partis involvdin the researia collaboratioA M AsC 6
attributiohas been estimatgat 35% baskon advie franAMACard DSTG

7.2 Estimated impacts

Pleas not tha the estimatein thi sectio hae bean developgby ACL Allen as anillustratiy
exampa of the futue impad tha miglh be enabld by ths researi projetif the technologs
successfylcommercialisaVhié the® estimateprovié an indicatioof the siz of the
opportunifor this technologyhey do na quantifthe specifi benefit tha woudl be capturd by
AMAC and/oAMAG partners.

De to the sensitie natue of the resear ard the wok undertakeby DSTGACL Allen hes
dravm on publigt availaleinformatioto develp ths analysis

As discussetin sectin 4.2 we hawe usal aCBAframewdito asses the value deliveréby the
AMAGDSTG collaboratioihe followig sectioaoutlie the coss ard benefit capturdinths
analysis

7.21 Costs

As outlind in Table?.1, the nominbresears coss of the AMAGSTG collaboratidotalld
$1,060,@incurrd betwer 206 ard 221 (equivaldrio $1.27 millim in 2023 prices).

The presetwale (PV)n 203 of the coss usig a 7% rebdiscoutrat is $181 millio (in
208 dollars)it has bean assumétha researa fund wee distributequall durilg evey yea
of eat grant.

7.2.2 Benefits

As notel beforethe compositpropelledesigné unde ths partnershiis aprototypardthee
are curreryino plars to operationatishs acros the RoydAustraliaNawy (RAN or the Navy)
Howeve AMAC researchernticipa&thd if the wok on this projetcontinueghen the
compogtpropellercoud! be out in the markein 10 yearsin ligh of this we hae estimatg 2
potentikbenefit associattwih the adoptio by the RAN of compositpropellerdevelopad
throup the AMAEGDSTG collaboration:

0 Reductioin expenditeron fud by the Nay duwe to efficienggairs franthe use of
compositpropellesrover NAB propellers

0 Reductinin sustainméoss for Nay vesseal die to reductinin impatdamag of
composgtpropellerseductioin manublaboucoss franinspectioard extende life of
compositpropellerrelatie to NAB propellers.

Thee benefg are discussgin moe detdibelow
Fuel savings

The Departmeiof Defene does na regulayl publi fud consumptior cos data Howevera
20B reporby the AustraliaNationBAudi Offie (ANAO)mD e f e fuecpeoduremen
providd sone dation fud costs Ths repornotal tha ¢-udisD e f e largessingd
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commodiexpendituée dthaitheeis 6reannubspemn on fud of approximae$b4 3 milliod?”
The reporals providd abreakdomof spendigon fud betweeD e f & senviesfsee
Figurer.4) amd notel tha ove the perial 1 July 2022 to 30 Jure 20T Defene spen$21 billim
on fud ard lubricantsncluding

0 $6Dmillim by the Nay (aroud 29% bthe totd cog of fuel)

0 $1D millim by the Arny (approximayed% dthe totd cog of fuel)

0 $14hbillia by the Ar Fore (aroud 65% 6the totd cog of fuel)

Figure 7.4  Totdcod of fue] by Servicegl Juy 2022 to 30 Jure 20T ($m)
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SourceANAD2018D e f & pracerdnénf fuelspetroleunils lubricaistard cad servicegperformaraudireportna 28
20172018

To modéthe potentiebeneftt of the compositpropelletechnologywe estimatgan indicatie
annubspen on fud by the Naw usirg the informatimaboe ard the followig assumptions:

0 Def esexpeadiewonfudin20®bwa $423 millio (assumeto bein20B dollars)
equivalerio $52L millim in 208 dollarsAroud 29% 6ths expenditer($13 millio in
203 dollars) correspariolthe Navy.

0 Aroud 80% 6the Nay fud coss relaé to vessed whee the compositpropelliecoud be
potentialladoptd (i.e approximateb12l millimin 2016)

0 Reflectiptechnologitehang ard measureto improg the energ efficiengof shipsit is
assumetha theeis an annubfud efficiengof 0.5% undehe baselia scenadi(i.e the
coss of fud decreasby 0.5% peannum)

Ths resuls in the coss of Nay vessed totallig aroud $1A millio in 2053 (in 208 dollars}
see Figurer.5.

37 Australian National Audit Office (ARG Def enc e &8s pr petoleunt oig lbricamts
and card services, performance audjinep28t 2012018
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Figure 7.5

Estimatgcog of fud by Nay vessel206 1 203 ($m 20B dollars)
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The potentifud saving to Defene franadoptin of compositpropellarin Nay vessed
enabldthroug AMACresearcweke assesseébase on

0 thefudcog estimatgin Figurer.5

6 thefollowigassumptions:
" acompostpropellebase on A M As@rototypis availaldin the markefran2034

tha 80% BNaw vessed use compositpropellerbasel on A M As@rototypby the
erd of the projectioperia (2®3 20 yeas franthe yea thd the technologis assume
to gotomarkei see Figure/.6)

tha compositpropelleresulin areductioin fud consumptiof 1.5% (compat®

currehRAN propeller®)

that as discussin Sectia 7.1.635% bthe benefit generatgby the composit
propellewee enabled/cebe attributéto A M As@8earch.

Figure 7.6

Assumeadoptio of compositpropellerin Nay vessels
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38This assumption was informed by discussions wathdDSI&C.
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The potentikfud saving far the Nay as aresul of the AMAE@ STG researig collaboratmove
the perid 203 to 208 are show in Figurer.7. The presetivalie in 2023 of the® benef usiry
a7% rekdiscoutraeis $0.% millio (in 2023 dollars).

Figure 7.7  Potentibfud saving far the Nawy as aresui of adoptin of compositpropelle
derive franA M As@e8earct20Bto 2063 ($m 20B dollars)
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Sustainment cost savings

Informatmabou Defene sustainmégoss was sourced franthe Cod of Defene Puble
Databashy the AustraliaStrategiPolig Institud (ASPPFP. Thi databasprovide (inred
202223 dollarssee Figurer.8):

0 actuadab onsustainmeross by the Nay fran201611 to 202122

0 budgeestimatefor 202223

0 forwad estimatefor 202324 to 202526.

39See: .“ASPI derives the data in this database from a
range of official sources.
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Figure 7.8  Nay sustainméspendind®201011 to 202526 ($m 202223 dollars)
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Similayito fud savingsto modéthe potentiesustainmecog saving generatgby adoptio of
A M AsCampositpropelletechnologywe estimatgan indicatigannuésperl on sustainmen
by the Nay fran 202 to 208 usimg informatiofranthe Cod of Defene Publi Databasard
the followig assumptions:

0 Aroud50% bthe Nay sustainmeigoss relae to vessed whee the compositpropelle
coutl be potentiatladoptd (i.e approximate$1.@ billi in 2023)

8 Sustainmeéexpenditery the Nay fran202 to 208 increaseat the CAR inactua
expenditerfranthe lag 12 yeas (201611 t0 202122)i 4.9% peannum

Ths resuli in the sustainmeoss of Nay vesse totallig aroud $65 billian in 205 (in 203
dollars) see Figurer 9.

Figure 7.9  Estimat@sustainmeexpenditaty Nay vessels20%6 to 2053 ($m 203
dollars)
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The potentiesustainmeigog saving to Defene franadoptin of compostpropellarin Nay
vessed enabld throug AMAC researcwer assessébasel on

0 thesustainmeog estimatgin Figurer.9

0 thefollowigassumptions:

" acompogtpropellebase on A M As@rototypis availaldin the markefran2034
tha 80% ©bNawy vessed use compositpropellerbasel on A M As@rototypby the
erd of the projectioperia (263 20 yeas franthe yea tha the technologis assume
to gotomarkei see Figure/’.6)
tha compositpropellaresulin areductinin sustainmeigoss of 0.2%
that as discussgin Sectia 7.1.635% bthe benefit generatgby the composit
propellewee enabled/cebe attributéto A M As@8earch.

The potentiesustainmeigog saving for the Nay as aresul of the AMAGDSTG researic
collaboratimve the peria 2023 to 205 are show in Figurer.1Q The presetale in 2023 of
the® benefgusirg a7% rekdiscoutratis $5.5 millio (in 203 dollars).

Figure 710 Potentibsustainmerog saving far the Nay as aresuli of adoptin of composit
propellederive fran A M As@eéearct20B to 2063 ($m 20B dollars)
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7.2.3  Netimpacts

The coss ard benefg to Austradi franthe AMAG ST researis collaboratiare show in
Figurer.11
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Figure 711 Coss ard benefitto Austradifran AMAG STG researi collaboratipB016 to
203 ($m 208 dollars)
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It is estimateéthat unde the assumpti@outlind abovethe AMAEGSTG collaboratiaoudl
potentialigenerat (in presetvale terns in 2023 at 2028 constatprices) approximugtel
$6.1millim in cog saving to the Navy

In NPV termsthe ne benetiof the projetin 208 usiry a7% rebdiscoutrate coudl be
$4 3 million (in20B dollars)

The BAR of the projetis estimateéto be 3.4, meanigthd for evey dollain resears grans
investd by AMAC inb the compositpropelleresearc P AMAC may enald $3.40 in benefits

Sensitivity Analysis

Given the uncertaigtassociattwih mary of the assumpticrusel in the CBA sensitiwt
analysiwas conductito asses the sensitiwtof the result to substanti@hangsin the
followigassumptions:

0 discoubrate

6 assumeadoptinof compositpropellerby the Navy

0 assumefud efficienggenerateby the adoptio of compostpropellers

& assumeésustainméog saving generateby the adoptin of compositpropellers.
The result of the sensitiwtanalys are presentetin Tabler.3. As show inthe tablethe BCR:

0 Increasswith:

areductinin the discoutrae die to the time valwe of mong (i.e adollatody is worh
moe than a dollatomorrow)

anincreasin:

T theassumeadoptin of compositpropellerby the Navy

T assumefud efficienggeneraigby the adoptin of compositpropellers
1

assume sustainmeicog saving generatehby the adoptin of composit
propellers
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0 Decreasewith:
" anincreasinthe discoutrate
adecreasin:
T theassumeadoptin of compositpropellerby the Navy
1 assumefud efficienggeneraigby the adoptin of compositpropellers
[

assume sustainmeicog saving generatehby the adoptin of composit
propellers.

Inal casessubstanti@hangeto the assumpti@wee na sufficiertoresulina BAR of less
than ore (ar anegatig NPV)

Table 7.3 Sensitiytanalysii impatof sensitiwttess on the economyvick impact

NPV ($M) BCR

Central case $4.3 34
Discount rate

Decreasfran7% ¢ 3% $14.0 105

Increasfran7% © 10% $1.1 15
Changes in adoption of composite propellers by Navy 2053

Reduce adoptin by 50%4(fran 80% ¢ 40%) $1.4 18

Increasgadoptinto 100% $5.7 42
Changes in fuel efficiency generated by composite propellers

Reduce efficiengby 50%(fran 1.5%a 0.75%) $3.9 31

Increasaefficiengto 2% (maxinmin rang $4.6 35

suggesigéby AMACresearchers)

Changes in sustainment cost savings generated by composite propellers

Reduce cog saving by 50%(fran 0.2%d 0.1%) $1.7 19

Increasecog saving by 50%(fron0.2%d 0.4%) $9.5 63

Source: ACAllen
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Steelwork of a bridge

SourceiStock

Case study: Bridg e
Monitoring

Structuddealh monitorm(SHM) refeto the proces of desigimg ard implementya conditio
monitorgpard charactesation strateg far engineergstructure®.SHViresponslto the need to
increasthe safey ard optimis the maintenamlaoss of structurgthroug the implementatiof
objectivesciencdasel inspectiopracticesSHMis arelativginewfiel whid has been
enabld by the emergerecof improve constructiomaterialand methodsen developmesin
measuremersensingprocessingrd monitoringlongsielothe recentechnologita
developmesiin varios brancheof sciene ard engineering

SHVIuses lorg tem monitoripsysterato keep civi infrastructeunde constarsurveillange
ensurig structudantegrityTherefordt has aran@ of applicatiarincludig for buildingsglams
tunnelsaerospacard bridgesSHVIis commowlusel for bridge due to ther criticarok in
transportatipand can detetissus like corrosiorfatigueard foundatiosettlingSHV has the
potentito transfanthe bridg engineer@industy by providig stakeholdswit additiona
informatioto infom decisiomabotithe designoperatigrard managemenof bridgs
throughduher life42

AMAC wes approachiby Transpaofar Nev Souh Wals (TINSWptundertadk acollaboraty
researg projetto monitothe healh of steé rivete bridge in NSW

Fibe optt sensa are viewe as the technologwih highespotentidfar continuareaitine
monitorunof large structuredue to ther advantagesud as smalsiz ard weightresistareto
electromagnetinterferencéarg dat transmissitbandwiditard resistaneto corrosiof?
TINSVnotel tha they had bean awae of publicatiaby AMAC whid successfyliemonstratie
the use of distribuifibie optt sensa to detetdelaminatidbetwer layes of composite3 e
concepwes attractigto TINSVdLe toits potentiuse in monitorigplocatios of stres inbridges
ard to monitocomplebridge componesfa actuhvehiculdoads

Aprojetwas this set up to verif if lorg temstructurianonitoripfor varyig load wes practich
wit the use of boh discret ard continuaifibie optt gaugesRivetd bridg@ memberard

40Alla, A., Asadi, S.S. (20atgrated methodology of structural health monitoring for civil structures,
Materials Today: Proceedings, Volume 27, Part 2, R4§&2,1066
https://doi.org/10.1016/j.matpr.2020.01.435.

41UNSW, (2024tructural Health Monitoring Fundamentals and, Bredfides online at:
https://www.handbook.unsw.edu.au/undergraduate/courses/2024/CVEN9840?year=2024

42P J. Vardanega, G.T. Webb, P.R.A. Fidler, F. Huseynov, K.K.G.K.D. Kariyawasam(2022) Middletol
Innovative Bridge Design Handbook (Second Edition),Bleteenatin, Pages-832,
https://doi.org/10.1016/BBY28235568.000238.

43SO0MAC. (2021). The SOMAC CRC prodpgututadvancedmposites.coiwp
content/uploads/2021/02856MAEGCRCProspecty802102088ppendix. pdf
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Figure 8.1

connecti@was the focts of the study An additioniaimwas to detetthe measwe of failue in
rivetel connectiarin laboratgrtess unde differig leves of fatige ard statt loads.

8.1 Impact Pathway

Totafundig of
$150,00fran
TINSV($50,00
pe yea far 3
years)

PHD gran of
$31,22 pa
annunfor 35
yeasfunde
throug originh
ARCgran

Source: ACAllenAMAC

Figure8.1 belavprovideahighlevé overvie of the impatpathwsgof the AMAC ard TINSV
collaboration

Impatpathwg

INPUTS ACTIVITIES OUTPUTS OUTCOMES IMPACTS

Testigthe
feasibiljtof
monitormthe
structurdhealh of
steérivetel bridgs
inNSVwit fibe
optc sensorsThs
included:

T lablevétestig

of the fibe opte
sensas
durability

1 lablevetestigy
ofthes e nss o

damag
detectio
potentia

T conductipfied

testiig on ore of
Tf NS W6
structures

Datfranfibe
optc senso
testiig toinfom
futue TINSV
decisin makig on
assé SHM

Developmenof 4
journdarticle
(ore alreag
publishéard 3in
progress
Increaseskils
ard knowledgof
practich
applicatiaof
fibe optc sens
for AMAC
researcher

Futue outcome
coutlinclue the
developménf a
structurddnealh
monitor
platftomwit reat
time dab on NSV
steérivettd
bridgsincluding:
I strandat

1 displacemeén
data

T cyckloadig

1 lifecyck data

I diagram
showig
bending/
movemeirof
trebr isd g
structura
components

1 temperatar
data

Potentidutue
impact (if SHM
platfamisintroduced)
include

Economic

1 Postpor
structura
intervention

I Extendéservie
life of bridges

T Preventioof
fatige cracks

Environmental

I Reducdwase
ardresoure cog
franextendigthe
servie life of
bridges

Social

T Avoiddsocia
coss franavoidd
bridg failue (e.g
negatigimpact
oncommunyjt
framinjuy ard
damage)

8.1.1

Project inputs

Projetinpus refe to the resourceused/invedtién a projetto implemetit ard delivethe
intenddresultsinthis case studythi refes to resourceinvestd by AMAC in the SHMresearic
projectThre projetwas officiayl signelin 208 ard commenakin 20191t is assumeétha

fundig commenabwit the stat of the projetin 2019
AMACreceivd$50,00 pe annmove 3yeasfranTINSVforths projectAPHDgranof $31,22

pe annunfor 35yeas was funde throud the originbARC grarn fundig (rathethan throug the
indusir partnefundingsee TableB.1).
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Table 8.1 Cas suppdrfar the SHM projet

Funding Organisation Grant Amount Duration
TINSW $150,000 3yeas (20192021)
ARC $109,242 35yeas (2012022)
Total $259,242

Source: AMA

8.1.2  Project Activities

The key activig foar this projetwas to ted the feasibiltof usiry fibe optt sensas far the SHVI of
steérivete bridgein NSWThs researig activig was carriel ou throuf the followig 3stags
whid occurrdbetwer 20D ard 2023:

1. Threinitidresearswas conduckdat the lab levelon asingt-rivetd structureDuriig this
stageAMAC ard TINSVinvestigatithe fibe optc s e nsdurabibtyr hg includd runnig
tess whit simulatgvehicle continualicrossig the structurgtha the sensa woudl be
placel on Tess to understaithe suitald placemdrof fibe optc sensa wee alo
conducted\ppropriatadhesiv&far bondig the sensas to the targé structurgwere al
investigatedhe ted resuk showd tha once placedthe fibe optt sensawoull have a
usefllife of 20 years

2. Thesecod stag was als at the lab level thi tie of multrivete structured he key focis
of the secod stage involvd testilg howvthe sensa respondito individudridg
component$he teanconducicyclc testig ard statt testig ove 3loal leves to
examiathe dat outptiof the sensorsThe sensa wee testa to see if they coudl
accuratglprovié daa when presentgwith acompondin damageard undamage
condition

3. Thethidstageinvolvd fiet testilg ove the cours of amonih to examiathe performarec
of the sensa@ in practiclconditiong hs involvd 1wedk of site surveyinglwed of
installigthe fibe optt sensorsard 2weelk of capturigdata Thg includd testilg whethe
the sensas coull accuratglpid up signa of vehicletravelligat 60-70km/hspeeds.

8.1.3  Project outputs

The output of the structutldnealh monitoripprojetinclude:

0 datfranfibe opte sensotesting
0 futuejournharticle
0 increaseskils ard knowledge.

Data from fibre optic sensor testing

The AMAC researiccollaboratiresultd in asignificaramoutof dag collectiowhi@
demonstragdon ard whee fibe optc sensas can be installechovlorg they are likey to lad
ard whd informatiothey can collectTINSVcan use the® finding to male futue decisios
aroud its infrastructeand the structurdheallh monitoripof the® assets.

Journal articles (to be published)

The AMAC ard TINSV collaboratidhas resultd in the developmenf 4journdarticle. As of
Jure 2024 ore journéartiot has been publisheéard 3are currenglin the publicatioprocess
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Increased skills and knowledge

An AMACresearclrenvolvd in the projetnotel the it resultd in agreateunderstandirof the
practickapplicatiaand challengedf fibe optt sensa ard structuddnealih monitoring he

r e s e aaxpeticaves onthe sensa@themselvethe technologunderpinngthemard hov
to condutthe testingHoweveto tailo the technologo fit speciti assetsard to understathe
structuldbehaviosrof sectioa of the bridge requird new skils ard knowledgwhit wee
obtaindthrouf the studyThe projethas resultd in the successfeompletioof ore PhD

8.1.4  Project outcomes

As of the time of writingthee hae beer no pubk decisioeimact in relatia to the SHVIof rivete
steébridg asses in NSWHowevesignificaroutcomecan be expecteif the technologwas
to be implementian the future

Acompletinstallatioof fibe optt sensas to abridg asséwoull provid the daa needd to
establisan SHM platfam (a useffriendf progreninterfae tha interpretdat for SHNL. Thi
platfanwoud provié TINSVwih continuamonitoripard red time informatioincluding:

stran dat

displacemedata

cyclkloadig

life cyce data

diagramwhid shavbending/moventehthe asset

o Ox Ox Ox Ox O«

temperataeidata.

The strain dafis expectéto be highy beneficldor TINSWas it wil provie dat on haw
particulesection of abridg are performingud the strain leves on the structur overall

The datcoutl alo be usal inrivete bridge to monitoperformamainde live trafficprovid a
scientifibass tha woudl compleméndesktp studis befoe interventigard identif fatige
risks and/odamag unde repetitizloads Usirg the sensorsAMAC has developasuitats
crack/damadocalisatimalgorithsito accuratgldetermimstructudalamag whit coudl be
implementkn future

AMAC has statel the the dat franthe sensas coutl be integratgwih a machialearnig
platfamto provid alocalisd structulidhealh scoe tha wil assisthe TINSVengineearto
evaluathe structurddhealh of a bridge#

8.1.5 Project impacts

Economic

As discussgabove apotentifutue outcora of the resears woudl be the developmeéenof a
structurddnealh monitormplatfamto monitosteé rivet bridgs in NSWThg platfamwil allov
TINSVto understatithe true performamaf abridg in reattime whit may resulinthe
followig potentifutue impacts.

0 Postporestructurdnterventiomavig acces to dat on the trie stats of a bridg wil
redue the ned for visudmaintenameard resulin structudanterventroof the bridg beirg
postporeunti dafindicatetha it is requiredTfN$Vals notel tha SHVIwoudl eliminat
interventitbasel mergl on desktp analysgof potentiemaximonload franvehicles
ard wil provié amoe scientiirationa for interventitbasel on actuatrafft ard fatige
damagfranrepetitiwcycles SHVilead to an overdishif in the approaacto bridg

44SO0MAC. (2021). The SOMAC CRC prodpgututadvancedmposites.coiwp
content/uploads/2021/02856MAEGCRCProspecty802102088ppendix. pdf
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structudanterventigfran preventaor correctiinterventioto conditiobase
interventiomeanig tha interventiocan occu at the mog effectig timet®

0 Extenddservielife of bridgesdat on the trie statis of abrid@ may resulin moe
informd decisiosfar the replacemenf bridgesResuls frana 208 reporshowd tha the
replacemenf the bridg investigatkn the stugy coudl be postporeby up to 37 yeas
throug the use of SHM becaus the conditio of the bridg was determirgito be bette than
wha was previouglassumedt

0 Preventioof fatige cracksSHM of aged bridge may prevenfatige cracksPreventioof
fatige crack coud protetbridg asses$ franacceleratifailuresand in extrera situatios
bridg section/memifailureThe likelihodof afailue resultigin abridg collapsis
extremglsmall Studie shavtha the likelihod of abridg collapsigis 1/4700ard of the
ony 4% invobraloss of life?” Howeveregardlesof ths smallprobabilifyhe
consequensef abridg collape can be catastropbard resulin vehi@ damagsdetou
costsinjurie ard death@ By knowig the true performareaf a bridg in realtime fatige
crack andin extrera scenar®bridg failue can be effectivglpreventusirg SHM.

Anothepotentidsmpatof SHMis the avoidareof unplannémaintenaeon steérivetel
bridgesDe to the uncertaigiof the frequencard scaé of unplannémaintenanciis difficul
to quantifthe econongicoss of thi tye of maintenanci 2018 astug estimateétha a majo
disruptioon the Sydng HarbouBridge on a weekdgamornig coudl cog up to $10 millio (aboti
$119 millimin 203 dollarsiiLe to the impatof peopt beirg preventéfrom or delaydin,
reachigworkThg provide an indicatioof the scaé of econonsihamtha unplann
maintenaecoudl resulin if the bridg is pat of amajo transportatisoute*®

Environmental

Extendinthe life of stedrivetel bridgse throub bette ard moe targetd maintenaseds alo
expecteéto resulin potentieenvironmeritaenefitsDemolitioof bridge canresulin the
generatioof asignificaramounof wase ard debrisard brid@ reconstructidgs aresoure
intensig exerciseExtendigthe usefllife of stedrivettd bridge delag the proces of
demolitimard reconstructipwhit ove multi life cycle of abridg wil redue overdl
environmentanpact

Social

As discussgaboveimpactin the unliket evenof abride@ failue or collapsinclue vehic
damaggadetoucostsinjurie ard deah. Theg impaa do na onl hawe dire¢ econongicoss
bu significanndiretimpact on the welfae of the wide communitya examplghe collaps of
the Poné Moranidmotorwgbride in Ital in Augusof 208 due to structurdailue killel

4Phares, B., Lu, P. (20igggration Of Structural Health Monitoring Into Multilayer Statewide Bridge
Maintenance And Management Pra@idé4-acilitate@onditioBased Maintenance Prioritization
Systemhttps://cdn
wordpress.webspec.cloud/intrans.iastate.edu/uploads/2019/02/SHM_multilayer_statewide bridge r
mgmt_w_cvr.pdf

46|bid.
471bid
48|bid

“AWade, M., Clun, R. (201&ffic chaos from Sydney Harbour Bridge drama cost city up to $10 million
https://www.smh.com.au/national/nswheafffcomsydnesharboubridgedrameacostcityupto-10-
millio2018040p4z7rb.html
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43 peopd ard let 600 homeles® SHVIcan effectivglprevenbridg failue and/ocollaps
throup realtine insighd of bridg performanceesultig in potentissocidbenefi of avoidig
theg tragcinciderst

8.1.6  Clarifying the impacts

ACBAwas na conductifor ths case stud giventhe sensitienatue of T f N SAé.

S5MattioliG. (2019yhat caused the Genoa bridge cdllapdehe end of an Italian national myth?
https://www.theguardian.com/cities/2019/feb¢26isetdhie genoanorandbridgecollapsandthe
endofanitaliamationamyth
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AMAC PhD and
researcher survey

As discussein Chapted4, ashot PrD ard researchesurvg was distributto relevan
stakeholdsrdentified by AMAC to captue the C e nstcontiliutioto buildig researe capacit
ard capabilitin compositmanufactudrard understabhov AMAC has impactd the

i ndi vi djouankys.6 car ee

Ove the fundig peria (2017 to 202), atotd of 57 participastengagdin the AMAC training
compriseof:

0 23PhDs

0 24researgassociateacros varios projects

0 10visitig researgstaff.

The surveg was distributtto al the® participantand we receive atotd of 30 totd complet
responsed§ hog who respondito the surve wee largef comprisgtof memberof acadenai
franthe UNSWhasel in Australisand with afocis in manufacturingrd educatioard training
Asummaraf the survg resuls is presentgin Figured.1.

Figure 9.1  Summarof AMAC trainig survey

in research (3% in other).

L]
: 30 :
: SURVEY RESPONDENTS :
. -
97n 80% work at Australian .
87% 93% h 0 W :
. =0 rao u Y would organisations .
. fAm said training ﬁ said training was % Tl .
: was very good relevant to their AMAC training 20% work abroad
. orexcellent current work g including in China, :
M Netherlands, Scotland and :
M © Wales .
: “The support provided by :
. [ 9 AMAC has allowed me to .
M 97 4 o T g’sdfn . 3 develop my 67% of all respondents work in academia. H
E @ ?T%%gzlnql?c? r‘g;?sation %l' wiluldS ﬁrgtebealnlng = s:’:‘e.i design Of the remaining respondents 13% are in .
. of wark achievements available elsewhere and 1 fng: = industry, 10% in Govemmentand 7%  UNIVERSITY &

Source: ACAllen

The resul$ of the surve alo demonstradeha the AMAC trainig opend multip pathwag/for
PID studergard researcherkigure.2 illustratesone of the pathwayidentifid franthe
survg responses.
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Figure 9.2 AMACtrainig pathways

Academia

Government and
Defence

Industry

,L

Tralmn

Research groups Health

Source: ACAllen

9.1 Surveyed participants’ characteristics

Of tho® surveyedhe majornitof participasivee affiliatd witt UNSWV (83%)whié receivig
AMAC trainingas boh PrD candidateard as staff Asmallegroyp wee franthe ANJ (10%)
(Figure2.3).

Figure 9.3 AMACSurvgi survgr e s p c affdiaiowihdMAC

UNSW PhD

47%

UNSW Staff

37%
ANU PhD %

Other %

ANU Staff 3%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%
Proportion of respondents (n=30)

Source: Suryef AMAC trainig recipient2024 Administrati@arnd analysiby ACL Allen2024.
Survg QuestiofWhawag you pag affiliatiowih AMAQ

Analysiofthrer e s p & coudehargarésatisrshowd tha mog hawe continuginb positios
inacadenai(67%Figure.4), largel basel in Austradiat UNSWhbu alo at internatioha
institutiaincludig the Souther Universitof Sciene ard Technolgg Ching)Universjtof
Strathchal(ScotlandardifMetropoliteUniversit(Wales) atDelf Universitof Technolgg
(NetherlandSurvg respondestls reportd haviig transitiorgto industy (13%)to
organisatisrincludig BYD Aub ard OmmTankeras wel as to governmei§10%)includig to
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defene ard healh agenciesSone respondeshaze als transitiorgto researh organisatisn
(7%)»ud as CSIRD and CooperaResealtAustralia.

Figure 9.4 AMACSurvgi sectoa analysiofsurvgp a r t §coriefoayanisaiions

Organisation

Industry _ 13%
Government - 10%
Research - 7%
Other . 3%

0% 10% 20% 30% 40% 50% 60% 70%
Propartion of respondents (n=30)

Source: Suryef AMAC trainig recipien{2024 Administrati@rd analysiby ACL Allen2024.
Survg QuestiorfPleae provié the nane of| you curretorganisation

9.2 Quality of AMAC training

Survg participastonsideitA M As@dinig to be of hich qualiy ard relevaneto ther curren
workalthoug onyy sone participastonsideigthe trainig to be unique.

Mog surveye participan{87%) considerthe trainig to be eithe vely goal or excellen
(Figured.5), witr the remaindandicatigitha it was good No respondéiconsidegtthe trainig
to be far or poorreflectig ahich leve of satisfactiowit the qualiy of trainig delivere by
AMAC

Figure 9.5 AMACSurvgir e s p o n dsenguaby & AMAT traiming

Please rate the quality of your training through AMAC

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Proportion of respondents (n=30)

mExcellent ™Very Good © Good ®Fair mPoor

Source: Suryef AMAC trainig recipient2024 Administratiand analysiby ACL Allen2024.

Overalfrainig recipiestconsideitA M As@dinig to be relevatio ther currenworkindeed
mog surveye participas(70%) considerte trainig to be vey relevan(Figure.6), wit ony
oreindividudindilg it to be somewHarrelevant.

69
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Figure 9.6 AMACSurvgir e s p & viets@nrdledaneof AMACtraining

How relevant is the knowledge/training you attained through
AMAC to your current work?

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Proportion of respondents (n=30)

m \Veryrelevant  ® Somewhat relevant Neither relevant nor irrelevant ~ ® Somewhat irrelevant  ®Very irrelevant

Source: Suryef AMAC trainig recipient2024 Administrati@arnd analysiby ACL Allen2024.

Participaaindicate aran@ of area tha they wee supportein throub the AMAC training
spannigbot technidaard sof skills Technidknowledgskils developafar trainesincludd
advancaskils sud as numeridanodellingodiig languagdevelopmerdrd advanog
automatmanufacturingheg conceparnd techniqueare considekrelevanard
approprieffar the specifilines of researe beiry pursud throup academaiard considetto be
relevatto furthewok inindustry

i B suppdamprovidd by AMAC has allowd me to significantdevelp my skils in
compositedesig ard manufactugnvhit | amvep likey to capitalison afte | graduat@
(Survgrespondent)

Participaatl highy value the sof skils componestf the trainingrelevatto ther researia
ard furtheroles in acadenaiard industryTrainig recipieisthighlightithe collaboratioprojet
managemeard criticathinkig skils tha are transferabhcros sectas ard researcareas

i B tmainig at AMAC doesit'onl comprisof the technidknowledgwe receivd there
insteagwe developgseverbsot skillslearnd hovto wok in a collaborag@environmén
ard mog importantit was the fird step toward becomigan independénesearchen
future. o

(Survgrespondent)

Fewethan haf of surveyetrainig participasindicate thd the trainig was uniqueconsidergn
it somewthaor vel unlikel tha they woull be abk to receie thi trainig wih anotheinstitutio
or viaanothepathwg (43%Figure.7). The remainigrespondesitndicatétha it is likey they
coudl fird ard receie the sane trainig elsewhere

70
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Figure 9.7 AMACSurvgir e s p & viets@runiquenesof AMACtraining

How likely would you have been to receive the same training
through another institution/avenue?

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Proportion of respondents (n=30)

m Very likely = Somewhat likely Neither likely nor unlikely ~ ® Somewhat unlikely ~ ® Very unlikely

Source: Suryef AMAC trainig recipient2024 Administrati@arnd analysiby ACL Allen2024.

9.3 Impact of AMAC training

The AMACtrainighas beenimportariop ar t i ¢ i p alathisvememndihditeds s i o n a
vale of the progranis reflectd in ther suppdrfor furthetraining

Almosal surveyetrainig participasindicatdtha the trainig was importario themin
realisig thef wok achievemeto dak (97%Figured.8). No respondéindicatd tha it was in
arny way unimportant

Figure 9.8 AMACSurvgir e s p & viets@riniportarecof AMACtraining

How important was your training through AMAC in the
realisation of your work achievements to date?

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Proportion of respondents (n=30)

m Very Important m Somewhat Important = Neither important nor unimportant ® Somewhat unimportant m Very unimportant

Source: Suryef AMAC trainig recipient2024 Administrati@ard analysiby ACL Allen2024.

Beyod direttechnid&nowledgand skil developein the trainingparticipastonsidetthe
longetemimpact to be considerabivit regard to researis completivard graduatiofram
AMACParticipastvee abk to netwdt effectivgiwit pees and achieve greateawarenes
ard recognitiofor ther work

il hawe developda compositpropelleblac manufactudelsig AutomatkFibe
Placemédmobotard the produtwas abk to ganinternatioheecognitivard begged the
JECAsa 20D Innovatimawad inthemariec at egor y . 0O

(Survgrespondent)
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In sone casesths recognitiowas abk to translainb commerdigucces ard impatard
influenein anumbedf publication$hs disseminatiard proliferatioof wok reflect the deph
ard penetratioof impatof the AMAC training

i B tmainig | receivd in DentdMaterialhas led to the successfwommercializatiaf two
denthcompositesvih anothepie@ of equipmemearig commercializatiding projet
stang ou withi the researiefiet as ore of the fewto brirg tangitd productto markée
fruition. o

i $adiretoutcora of my researg activitiswithin AMACI publishéseverbpapes in high
impatjourna ard presentéat prestigiainternatiomaonferenceb addition hae
given severbworkshagpto industy partnersoh Australimardi nt er nat i on all

(Survgrespondesit
Almosal surveye participaaindicate tha they woull recommeahAMAC trainig to
prospectaPID studerst (97%Figured.9).

Figure 9.9 AMACSurvgir e s p wias@Twhedhethey woull recommeatihe AMAC
training

How likely will you be to recommend AMAC training to

9 0,
prospective PhD students? 73% 23%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Proportion of respondents (n=30)

m Very likely = Somewhat likely Neither likely nor unlikely ™ Somewhat unlikely ~ mVery unlikely

Note: figures magt add to 100% due to rounding.
Source: Suryef AMAC trainig recipien{2024 Administrati@rd analysiby ACL Allen2024.
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Conclusion

Throub ths engagemerACL Allen assesed the impact of the Cente over its fundig perial
(201720220 demonstrathe significarbenefg tha are possitd throuf collaboratgvwesearc
ard trainingACL Alle investigatithe potentiard deliveréimpataf the followig 4researia
projectthroud cas studies

0 dentdcompositeresearsundertakewih SO Limited

0 composittankeresearsundertakewih OmmTanker

0 composipropelleblac researsundertakewih Defene Sciene ard TechnolggGroup
0  bridee structuddnealh monitorgresears undertakewih NSV Departmeiof Transport

Usig animpatpathwgapproaciwe evaluateéthe impact of the® projecardidentifid a
rang of quantifiablard unquantifiabbenefitsTheg includd econorgiimpactsesearc
capabiltard capacitbuildingenvironmentanpactscontributicto knowledgdeveragimof
additionanvestmenard the contributioto the establishméeaf the AU CRCWe alo
conducta survg of forme AMAC PHD studergard Pog Doctorkstaf ard receivd
overwhelminyglositie feedbalcon the qualig of the trainingthe relevaneof the trainig to
currehworkand the importareof the trainig to realisig wok achievements.

ACL Allen conductanindicatie CBA far 3of the 4researic projec aboe to estimad the
potenticard deliveréeconongibenefitha hae or coudl be attributéto A M As@e8earchil
impad hawe bea adjustd for attributioto AMAC (see TablelQ1). Fa al researaproject
analysedhe NPV is aboe zeo ard the BQR is aboe one Ths meass tha the benefiof al
projecthas outweigldbor ar likel to outweilythe costswhit wil delivea na benefito
Australialo pu the scaé of the benefitin perspectivéhe benefitenabld by AMAC throug the
dentacompositresears alore moe than doublethe totd coss of al othe researcundertake
at AMAC (i.e itis enoub to cove boh the ARC grant ard the fundig leveragéfran othe
sources

Table 10.1 CBAsummariof the 4researe projec assessein ths stugy (centrbir%

discoutrate $2023)
Project title Research status PVCosts PV Benefits NPV ($m) BCR
($m) ($m)
Dental composites Commercialised $3.0 $23.9 $20.9 7.9
Composite tanker Commercialised $0.3 $3.0 $2.7 9.0
Composite Nd commercialid@ $1.5 $6.1 $4.3 34
propeller blade illustratey CBA

Note: tadenthcompositeard compogttanke CB/A are base on researc tha has bean commercialisgshié the researic
conductgfor the compositpropelleblac projetis ye to be commercialisette impact of the compostpropelleblac projetis
forillustratvypurposgto demonstrathe potentidmpact if the researswas implemented.

Source: ACAllen
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Theimpactidentifi¢ ard the resul of the trainig surve ard projetCBA demonstrathe
significarbenefg deliverédthroup A M AsCdlaboratresearsard trainingT he strendt of
the relationshiiitha AMAC has creatd are atestameriothe C e nstdedieaioto advancip
compogtresearicin Austradiard developonthe nex generatioof innovatarin ths industry
Theimpactof A M As@8earcwil extenl beyodthe C e ngtfundigderiodwhit is alreag
evidetframits involvemein the commercialisatiaf researchhe significamumbeof
publicatieaard Ph¥ developgard trainedard the emergerecof the AQGUCRC The stromy
relationshguit throug the Cente wil likey enal# the realisatioof futue impact for UNSW
the AQVCRCard A M As@ditners
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https://cdn-wordpress.webspec.cloud/intrans.iastate.edu/uploads/2019/02/SHM_multilayer_statewide_bridge_mtc_and_mgmt_w_cvr.pdf
https://cdn-wordpress.webspec.cloud/intrans.iastate.edu/uploads/2019/02/SHM_multilayer_statewide_bridge_mtc_and_mgmt_w_cvr.pdf
https://cdn-wordpress.webspec.cloud/intrans.iastate.edu/uploads/2019/02/SHM_multilayer_statewide_bridge_mtc_and_mgmt_w_cvr.pdf
https://doi.org/10.1016/B978-0-12-823550-8.00023-8
https://www.skyquestt.com/report/chemical-tanker-market#:~:text=Chemical%20Tanker%20Market%20Insights,period%20(2024%2D2031)
https://www.skyquestt.com/report/chemical-tanker-market#:~:text=Chemical%20Tanker%20Market%20Insights,period%20(2024%2D2031)
https://advanced-composites.co/wp-content/uploads/2021/02/The-SoMAC-CRC-Prospectus-20210208c-Appendix.pdf
https://advanced-composites.co/wp-content/uploads/2021/02/The-SoMAC-CRC-Prospectus-20210208c-Appendix.pdf
https://www.unsw.edu.au/newsroom/news/2020/08/unsw-and-omni-tanker-find-a-winning-formula-in-advanced-composit
https://www.unsw.edu.au/newsroom/news/2020/08/unsw-and-omni-tanker-find-a-winning-formula-in-advanced-composit
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UniversitsAustralig2018. Clevecollaborationsetstromg businescas for partnerigwit
universities

UNSW(2022)Nen CRC Gramawarddto UNSVresearegroy wil pawe the way in Composat
Manufacturing

UNSW(2019)UNSVresearchsiawardd for innovatemarie propelleblade

UNSW(2024)Structuiddealh MonitormpFundamentsind Practicesavailald onlire at:

WadeM, ClunR. (2018)Traffi chaa fran Sydng HarbouBridg drana cog city up to $10
million
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https://www.universitiesaustralia.edu.au/wp-content/uploads/2019/06/Clever-Collaborations-FINAL.pdf
https://www.universitiesaustralia.edu.au/wp-content/uploads/2019/06/Clever-Collaborations-FINAL.pdf
https://www.unsw.edu.au/news/2022/05/new-crc-grant-awarded-to-unsw-research-group-will-pave-the-way-in-composite-manufacturing
https://www.unsw.edu.au/news/2022/05/new-crc-grant-awarded-to-unsw-research-group-will-pave-the-way-in-composite-manufacturing
https://www.unsw.edu.au/newsroom/news/2019/11/unsw-researchers-awarded-for-innovative-marine-propeller-blade
https://www.unsw.edu.au/newsroom/news/2019/11/unsw-researchers-awarded-for-innovative-marine-propeller-blade
https://www.handbook.unsw.edu.au/undergraduate/courses/2024/CVEN9840?year=2024
https://www.smh.com.au/national/nsw/traffic-chaos-from-sydney-harbour-bridge-drama-cost-city-up-to-10-million-20180404-p4z7rb.html
https://www.smh.com.au/national/nsw/traffic-chaos-from-sydney-harbour-bridge-drama-cost-city-up-to-10-million-20180404-p4z7rb.html
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Example project s by
research area

A.1 Materials enhancement project examples

o)

Graphenenhanocgpreprg tapes for thermbard electridaconductivitthis projet
explorsthe spra depositioof exfoliat@grapheain liqud suspensiarfar the nane
enhancemed electricgroperttin carbodibe reinforogpolyetheethe ketoe (CF
PEEK) composit&se additia of 1.3 wt% percentamby weightgraphesino the
interlayerof CFPEEK composisresultd in buk electridaconductiyienhanceméehoh
inplare (1100% improvement tanoughhicknes(300%mprovementyhit coutl open
simp pathwagfor the insiut manufactugrof carbodibe reinforagpolyme
nanocomposites.

Durald nanescaé surfae treatmesto improg wea ard environmentasistance:
Explorigsuperhydrophobbatingto protet3Dprinté carboribre/polyanddCF/PA)
compositeagainsmoisturénducd degradatioitre preseneof the superhydrophobi
coatig eliminawkthe liqud wate presetin the surfae feature of the polyamigimatet ard
reducd the moisturénducd swellig of the polyamigimatrx by abo53% aftel @B hous
underwater.

A.2 Process-property optimisation project examples

0

SmarCompositdategrativof Sensig and Actuatig Elements'hs wok focusd on
vibratio dampig usiry actie elemerstsud as maco fibe composit(MFC) piezoelectri
patche as sensa ard actuatorshg approaeallowd far the quid and efficien
determinatimf comple bean configuratiresponse&nablig rapd analysiard desig
refinemento understadithe optimHocatioswithn structurefor the® patches.

Thermoplasth P optimisaticfor metalti bondingrhs requird an inrdeph understandin
of the lase absorptioproces ard the thermbard pressie propertieof the material
examinedt was fourd tha the materibselectinhad astrowg influeneon boh the succes
ard qualiy of the metalti bondig reinforceméeprocessThe researchsinvestigatbarnd
identifid texture suitatd for lase AutomateTape PlacemdrfATPard developgand
successfyldemonstratiapproaclsto applyig carbodibre/thermoplastomposite
directl tolase#texturd sted substrateusig lasefATR

Postformig of thermoplasth AP composittubesThs projetinvestigatethe postformig
of carboribre/thermoplastompogittubesTheg tube wee manufactuddoy laser
assistd automatktape placemeron awindig axs ard then postforme by localy heatig
the tule to nea meltig point The relationspibetwer the windig angé ard the formabiiit
was investigatithroub this processAmodéwas developeto predithow the
manufactugmprocesaffectdthema t e prapeatiesd
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A.3 Simulation and performance prediction project examples

0 Bendwig couplig behaviauhroug fibe steeringBy tweakigthe layup! orientaticn
durimg the manufactugmprocessbendwis couplig can be inducd in compositmarie
propellerwhid allove for passie pitd changesConsequentiyhs improvehydrodynami
efficiengove alarge operation@angeThs wok presergthe firg experimentaalidatio
of acurvilinegowdesigin ahydrofbby usimg automattfibe placementte
manufactugrcomplicatisrarisig frantowsteerig in athreedimensiohaonve moud
wee aloinvestigated

0 Implementytohesie elemerstin scalel boundarfinie elemetfor predictig
delaminatioBcale boundatfinie elemetmethd (SBFEM) providabenefiove the
traditioridinie elemetmethd by discretisgithe subdomai boundargeonly The stresse
within asubdomai ate solvel analyticallypud simulatiotechniguseare highy efficietin
resolvigstressearoud ashap notdwhee high fideligis requird whik lowfideliy is
needé for farfied stresses

0 Desigarddevelopménf compositconveyicsuppdrstructurgfor miniig environment:
Diretandindiretcoss of badinjurie to mines are estimatgto cod the Australiaminiig
indusy $918,00pe megato of cod sold Maty sud injuris can be attribute to the need
for undergroulmines to physicalltranspdiheay machingrin confind spacesA
potentiesolutia is to develp lightweigltomponesfrancarba fibe composite3 hs
projetdemonstradhe use of compositmaterialin undergrowutconveycsuppdr
structuredMechanicdire ard antistatt testiig was performeto seletthe appropriat
fibe ard polymeresh to meé the miniig standarsifor undergroaminesThe desig ard
optimisatioof the suppdrstructue hae bean compledard afuliscaé tes
implementatis in process.

A.4 Design, integration and optimisation

0 Manufactaof composiwhed for automoteindustryDie to the comple geomeyrof
whedd usel in the automoteindustryAMAC undertdoreseargs to construcacomposit
wheéou of 3partsthe inne ard oute rim ard the disc The AFP manufactudriechniog
was combingwit ahard layy technigeito manufactathe compositwheéprototype
The wheéwas testedard the resull wee submitteito the Journbof Advancd
Manufacturgifechnology.

0 Automattmanufacterof adaptie composit propellersMaria propellerare susceptibl
to groundingd collisia wit debig and marie animalsThe wok focusd on
understandirihe lowvelocitimpatbehaviawf laminatgcarba fible compositdn
marie environmesitocusig on the experimentard numeridgredictioof thicksectione
compositesinderwategirg of impactiamagelaminatgcompositeard damag
predictioof underwatdovwvelocitimpaton compostlaminates.

0 Manufactaof Ty V hydroga storag tanksThs projetaimel to asses the capabiljtof
ARP manufactugnechnolggiar manufactudrhermoseiasel composittanis for
hydrogestorageATyge Vcompositpressigvesseéwas designednanufactudeard
tested Anovécollapsiblmandriod suital# for ARP basel manufactudnwas develope
for this project.

51A layupprocess is a moulding process for composite materials, in which the final product is obtaine
overlapping a specific number of different layers, usually made of continuous polymeric or ceramic f
a thermoset polymeric liquid matrix.
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