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Engineering
resilience

The innovative approaches preparing 
Australia for future extremes
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Renowned for its ability to provide AS 5100 | MASH-compliant impact protection, while at the same time
limiting the maximum outward transverse forces transmitted to the bridge deck during an impact, DOLRE is

also fast becoming the bridge tra�c barrier of choice for an ever-increasing number of architects and designers,
thanks to its LED lighting and architectural fascia panel options. 

Used in combination or individually, DOLRE’s integrated LED lighting and facia panel options not only provide
‘post-free’ low-glare lighting for bridge users and anti-climb protection for pedestrians, they can also help to

transform bridges and other structures into aesthetically-pleasing architectural features.

DISCOVER
MORE

With its innovative design and patented ‘post/fuse’ system, DOLRE ‘Regular’ 
barrier delivers MASH TL4-rated protection while limiting the maximum 
transverse force transmitted to the bridge deck to less than
44 kN/post (22 kN/metre), which equates to only 14% of the ultimate 
outward transverse design load as per AS 5100.2:2017.

What’s more, at around 80 kg/m installed, DOLRE bridge tra�c barriers are 
significantly lighter than many AS 5100 ‘Regular’ / MASH TL4-rated barrier 
alternatives.

INNOVATIVE ‘LOW STRESS’ DESIGN

Available in a range of AS 5100:2017 performance levels, including DOLRE 
Low (MASH TL2 | EN1317 N2), DOLRE Regular (MASH TL4 | EN1317 H2) and 
DOLRE Medium (MASH TL5+ | EN1317 H4b), there is a DOLRE barrier to suit 
virtually any bridge, culvert or road embankment application. 

All DOLRE systems feature three rails - two rails for the initial vehicle impact 
and one rail to resist rollover – and one post design per system type, suitable 
for both sides of the bridge.

CHOICE OF PERFORMANCE LEVELS

With DOLRE you don't have to trade o� aesthetics for safety.

DOLRE’s clean, uncluttered lines and aesthetically pleasing design make it an 
ideal match for a wide variety of bridge designs and locations. The design allows 
for rapid installation, and rapid repair and reinstatement following an impact.

DOLRE bridge tra�c barriers are also available with an extensive range of 
options, including custom fascias and picture panels, anti-climb pedestrian 
mesh, extended height panels and integrated LED lighting.

WHERE PERFORMANCE AND AESTHETICS MEET

DOLRE transitions have been designed and tested to provide full longitudinal 
load transfer between the bridge tra�c barrier and connecting roadside 
barriers.

The DOLRE ‘Regular’ barrier, together with the DOLRE transitions and 
Thrie-Beam barriers create an engineered continuum of MASH TL4 
protection – delivering maximum safety for road users onto and across the 
bridge structure. 

SEAMLESS PROTECTION WITH DOLRE TL4 TRANSITIONS

ENGINEERED SAFETY • OUTSTANDING PERFORMANCE

WHERE SAFETY
MEETS AESTHETICS
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Civil engineering tools
for the next generation.

Civil Site Design®.

The No.1 application to improve Civil 3D® for Australian users
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Civil Site Design® is an easy-to-use civil design solution that adds road subdivision, road
reconstruction, site grading, stormwater, pipe and sewer design capability to your CAD platform. 
Using familiar string and template design, Civil Site Design includes a complete set of civil tools 

to supercharge your design, in one low-cost version. Design and drafting are cleverly
integrated to reduce wasted time and improve production outcomes.

Developed in Australia, Civil Site Design is already used by many engineers and councils.

To find out how Civil Site Design can leverage your CAD investment and save time 
on your next civil design project, use the QR code for a quick video overview.

Request your free 30-day trial or software demo now.

www.civilsitedesign.com.au
1300 846 015

Scan here for
a two minute
demo

AutoCAD® Civil 3D® BricsCAD®

Civil Survey Applications Pty. Ltd.  1/29 Business Park Drive, Notting Hill, Vic. 3168 Australia
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AS/NZS 3000:2018 Amdt 3:2023 compliance checking

Supports AS/NZS3008.1.1: 2017

Arc flash analysis to IEEE1584 – 2018

Now includes support for 690Volt and 1000Volt systems

Now with support for Revit® 2025 & AutoCAD® 2026

Support for Revit app PowerCad-M

Quality services and support

leaders in innovative electrical
engineering design software

Miniature Circuit Breakers

info@powercad.com.au
www.powercad.com.au

PowerCad Software Pty Ltd
1/16 Sigma Drive
Croydon South VIC 3136 Australia
Telephone:  +61 3 9819 3853

Authorised Developer

PowerCad-5TM Features

• Cable voltage drop 
calculations

• Circuit breaker selection

• Time/current co-ordination 
curves

• Co-ordination curve on 
screen CB OCR adjustment 
(dynamic)

• User-defined time/current 
co-ordination curves

• Selectivity/cascading

• Maximum demand

• Cable thermal stress

• Let-through energy

• Cable sizing

• Conduit sizing

• Fault-loop impedance

• Fault level calculations

• Arc fault check

• Arc flash calculations

• Harmonic analysis

• Network resonance check

• Harmonic mitigation

• Power factor correction

• Active harmonic filter 
sizing

• Passive harmonic filter 
sizing

• Substation sizing

• Standby generator sizing

• Single line diagram (SLD)
display

• Single line diagram (SLD)
export to AutoCAD®

• LV distribution network 
modelling

• Bus-tie modelling

• Check metering 
modelling

• Automatic mains and 
submains cable selections

• Automatic final subcircuit 
cable sizing

• Variable speed drives

• Display load starting 
current profile

• AutoCAD® interface for 
loads input

• Light fitting and motor 
libraries

• Reports with print 
preview

• Software support

• Standards AS/NZS, IEE, BS, 
CP5, SAS and IS (India)

Compliance Checking
Clause 2.5.5.3 arcing fault clearing capacity of 
protective devices for feeds of 800amps and
above

Clause 2.5.7.2.3 supply circuit discrimination 
with option for checking protective devices 
less than 250amps

Clause 5.3.3.1.1 protective earth conductor 
thermal stress check

Clause 5.7.4 earth system impedance check at 
0.4s and 5s disconnect times

08_09_EAAUG25_News.indd   8 23/7/2025   �:31 $M
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s I sat down to 
interv iew K ath erine 
R ic h ards,  Engineers 
Austral ia’ s newl y 
m inted C h ief  
Engineer,  on h er 

prioriti es in the role, the fi rst thing 
sh e did was ask m e about m ysel f .  
T h is disarm ing tec h niq ue was not 
a c onsc ious gam bit,  but a genuine 
refl ecti on of her curiosity about 
th ose around h er.  And th at c uriosity 
is essenti al to her vision for the role.

H er c entral  goal  is to c h ange 
h ow engineers see th em sel v es –  
not j ust as tec h nic al  ex p erts,  but as 
l eaders of  soc ial  c h ange.  

“ W e won’ t sol v e th e big 
problems unti l engineers stop 
being bystanders, ”  R ic h ards said.  
“Leadership isn’t about ti tles. It’s 
about ac c ountabil ity,  em p ath y and 
being wil l ing to ac t. ”

S h e p oints to engineers’  div ersity 
of  ex p erienc e th at m akes th em  ideal ,  
and essenti al, leaders.

R ic h ards brings 3 6  years of  
ex p erienc e in th e R oyal  Austral ian 
Nav y to th e rol e,  but ev ery engineer 
works to th e sam e set of  rul es.  

“ T h e th ing about m il itary 
and c iv il ian engineering is th at 
the context might diff er, but the 
p rinc ip l es are th e sam e.  Y ou del iv er 
under p ressure,  with in c onstraints,  
but always towards a clear objecti ve.”

F or R ic h ards,  taking on th is new 
challenge was an easy decision. “I 
see it as a natural  ex tension of  wh at 
I’ve always done – enabling others 
to sol v e real - worl d p robl em s th at 
maħ er to our country.”

Anoth er key p riority is f ostering 
greater diversity, parti cularly around 
th e l ow num ber of  wom en in th e 

NEWS

 “You don’t lead with 
titles. You lead by 
stepping up when 

it m�  ͵e/0.”

p rof ession.  B ut R ic h ards is c l ear:  th is 
is not about tokenism  or q uotas,  but 
a strategic imperati ve to help meet 
workf orc e needs.

“We need to redefi ne what 
‘ norm al ’  l ooks l ike.  T h at m eans 
ac knowl edging th e barriers wom en 
and oth er underrep resented group s 
f ac e,  and not sh ying away f rom  
complex conversati ons about bias 
and system s th at don’ t work. ”

H er ap p roac h  is rooted in 
humility. “The impact I have won’t 
be measured by me. It will be judged 
by th e ex p erienc es of  oth ers –  by 
wh eth er th ey f el t seen,  sup p orted 
and em p owered. ”

R ic h ards outl ines th ree m aj or 
nati onal imperati ves: climate 
resilience, energy transformati on 
and adv anc ed m anuf ac turing.

After decades in navy 
engineering, Katherine Richards 
AM HonFIEAust CPEng EngExec
isn’t interested in hierarchy. 
She’s focused on action and 
believes engineers should be too.

Engineers 
must lead

Words by Joe Ennis

A

“ W e’ re al ready doing th e
work in p oc kets, ”  sh e said.  “ B ut 
we need c oordinated,  c ourageous 
engineering l eadersh ip  to take
it f urth er. ”

U nderl ying al l  of  th is is a f ourth  
th em e:  sustainabil ity.  Not as a 
buzzword, but as a mindset. “It’s 
about respecti ng the resources 
we use and th e p eop l e inv ol v ed –  
whether you’re designing a baħ ery 
or a warsh ip . ”

Asked wh at v al ue guides h er 
m ost,  R ic h ards doesn’ t h esitate.  
“Respect. It’s the foundati on of 
good engineering,  good l eadersh ip  
and a good soc iety. ”

S h e added with  a grin:  “ Al so,  
never stop learning. I was studying 
quantum physics at ��. It nearly 
broke m e –  but th at’ s wh at 
engineers do.  W e keep  l earning so 
we can keep creati ng.” □
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Arc flash analysis to IEEE1584 – 2018

Now includes support for 690Volt and 1000Volt systems

Now with support for Revit® 2025 & AutoCAD® 2026

Support for Revit app PowerCad-M

Quality services and support

leaders in innovative electrical
engineering design software

Miniature Circuit Breakers

info@powercad.com.au
www.powercad.com.au

PowerCad Software Pty Ltd
1/16 Sigma Drive
Croydon South VIC 3136 Australia
Telephone:  +61 3 9819 3853

Authorised Developer

PowerCad-5TM Features

• Cable voltage drop 
calculations

• Circuit breaker selection

• Time/current co-ordination 
curves

• Co-ordination curve on 
screen CB OCR adjustment 
(dynamic)

• User-defined time/current 
co-ordination curves

• Selectivity/cascading

• Maximum demand

• Cable thermal stress

• Let-through energy

• Cable sizing

• Conduit sizing

• Fault-loop impedance

• Fault level calculations

• Arc fault check

• Arc flash calculations

• Harmonic analysis

• Network resonance check

• Harmonic mitigation

• Power factor correction

• Active harmonic filter 
sizing

• Passive harmonic filter 
sizing

• Substation sizing

• Standby generator sizing

• Single line diagram (SLD)
display

• Single line diagram (SLD)
export to AutoCAD®

• LV distribution network 
modelling

• Bus-tie modelling

• Check metering 
modelling

• Automatic mains and 
submains cable selections

• Automatic final subcircuit 
cable sizing

• Variable speed drives

• Display load starting 
current profile

• AutoCAD® interface for 
loads input

• Light fitting and motor 
libraries

• Reports with print 
preview

• Software support

• Standards AS/NZS, IEE, BS, 
CP5, SAS and IS (India)

Compliance Checking
Clause 2.5.5.3 arcing fault clearing capacity of 
protective devices for feeds of 800amps and
above
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0.4s and 5s disconnect times
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A proudly Australian-owned innovator 
since 1989, Mainmark specialises in 
ground improvement, re-levelling
and void filling.

We provide cost-effective and non-invasive solutions that 
minimise downtime and maintain operational continuity. 

Residential  I  Commercial  I  Infrastructure  I  Mining

Mainmark Ground Engineering Pty Ltd. / ABN: 51 606 182 503
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Engineers receive a special
12% lifetime discount
on life cover*

*Lifetime discount - Engineers Australia members are entitled to a 12% lifetime discount on NobleOak’s standard Premium Life Direct premium rates 
for its term life cover (12% discount applies to term life cover only). In addition to term Life Insurance cover, NobleOak also offers Income Protection, 
TPD,Trauma and Business expenses cover. Our website contains details.The offer(s) are available for new customers only and can be used only once. 
Not able to be used in conjunction with another advertised offer.

Legal statements. Premium Life Direct is issued by NobleOak Life Limited ABN 85 087 648 708 AFSL No. 247302. Address: 44 Market Street, Sydney 
NSW 2000. Phone: 1300 108 490. Email: sales@nobleoak.com.au. Cover is available to Australian residents and is subject to acceptance of the 
application and the terms and conditions set out in the Premium Life Direct Product Disclosure Statement (PDS). Please also read NobleOak’s Target 
Market Determination (TMD) at www.nobleoak.com.au/target-market-determination. This information is of a general nature only and does not take into 
consideration your individual circumstances, objectives, financial situation or needs. Before you purchase an Insurance product, you should carefully consider 
the PDS to decide if it is right for you. The PDS is available by calling NobleOak on 1300 108 490 or from www.nobleoak.com.au. Clients should not 
cancel any existing Life Insurance policy until they have been informed in writing that their replacement cover is in place. NobleOak cannot provide you with 
personal advice, but our staff may provide general information about NobleOak Life Insurance. By supplying your contact details, you are consenting to be 
contacted by NobleOak, in accordance with NobleOak’s Privacy Policy. 

Call 1300 108 490 and mention “Engineers” 
or scan the QR code to get a quote today

105
Resources 
projects 
delivered

Find out more at 
webuild-group.com.au

From process facilities, to materials handling 
plant and enabling infrastructure, our 
comprehensive engineering, procurement 
and construction services can assist clients 
to extract, process, store and export a variety 
of minerals including iron ore and critical 
minerals with innovation and sustainability 
at the core of everything we do.  

Webuild in Australia is comprised of Webuild, Clough 
and e2o. Together, we harness innovative engineering 
and construction solutions to improve peoples’ lives 
today and tomorrow. 

+60 YEARS
OF RESOURCES DESIGN AND 
CONSTRUCTION EXPERTISE 
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h i l e  engineering 
h as al ways been 
about fi nding 
soluti ons, in �0��, 
we’re confronti ng 

challenges that are deeply 
interconnected, globally shared 
and generati onal in impact.

But we remain opti misti c. 
Because when engineers lead 
with courage and collaborate 
across disciplines, we unlock the 
resilience and ingenuity on which 
our future depends.

This issue coincides with 
our fl agship Climate Smart 

engineering response must be 
equally far-reaching.

From adapti ng citi es to 
withstand heatwaves and 
fl oods, to prolonging the life of 
existi ng assets through smarter 
maintenance, create speaks to the 
engineers who are fi nding new 
ways to make our systems not just 
stronger, but smarter.

None of this work is easy. 
T h e c h al l enges we f ac e –  suc h  
as energy security, climate 
adaptati on and criti cal 
infrastructure renewal – are more 
complex and urgent than ever 
before. With knowledge, precision 
and purpose, engineers are rising 
to the challenge.

This is the essence of climate-
smart engineering. CSE�� brings us 
together to share experti se, drive 
practi cal soluti ons and accelerate 
collecti ve progress. It refl ects the 
best of what our profession off ers: 
soluti ons grounded in evidence, 
systems thinking, innovati on and 
an unwavering commitment to the 
public good.

At this year’s conference, we’re 
hearing from leading engineers, 
researchers, industry game 
changers and policymakers.

Together, we are shaping 
the engineering soluti ons that 
our climate reality demands – 
engineering a more resilient 
Australia for today and for the 
next generati on. 

Dr Raj Aseervatham
FIEAust CPEng 
APEC Engineer IntPElAusm, 
Nati onal President and Board Chair
nati onalpresident|engineersaustralia.org.au

Romilly Madew A� 
FTSE HonFIEAust EngExec,
Chief Executi ve �ă  cer
ceo|engineersaustralia.org.au

FROM THE NATIONAL 
PRESIDENT AND CEO

W

Engineering conference lCSE��m, 
taking place this month in 
Adelaide. Its theme, R esilience 
engineere7: "oluࢼ ons =or our climate 
reality, captures both the urgency 
and the opportunity before us.

As engineers, we are being 
called upon to respond, lead and 
reimagine the systems that support 
life, industry and society in the face 
of accelerati ng climate extremes.

R esil ienc e engineering is a 
mindset, a discipline and a criti cal 
responsibility. We are witnessing 
climate impacts fi rsthand: 
longer and more intense fi re 
seasons, catastrophic fl oods, 
severe droughts, rising insurance 
premiums and pressure on 
infrastructure across every sector. 
These impacts are being felt by 
communiti es across Australia
and the globe, and the

Welcome to the latest editi on of create,  
focused on one of the most urgent and 
deC ning challenges of our ti me ŋ 
engineering resilience.

Engineering 
resilience
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The big picture
With a changing climate impacting the economy, infrastructure and more, 
building resilience in the built environment has never been so important.

Monthly intensity of droughts 
an! Ť oo!s �y $lo�al a/ea
aʛ ecte!U 
an :88; to �ec :8:<

2 0 0 4

9<   

Natural disasters exacerbated by a changing climate are exerti ng a heavy impact on society, the economy and 
the built environment. Since the 1970s, the economic cost of these disasters has increased sevenfold, with the 
global cost increasing from an annual average of �19¥ billion in the 1970s to �1.6 trillion in the �010s.

 Economic losses
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The intensity and frequency 
of natural disasters and wild 
weather have increased 
markedly in recent years, with 
a signifi cantly greater area of 
the world being impacted by 
disasters such as droughts and 
fl oods.

Wild weather
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oecd.orgcencpublicationsc
g�0-oecd-report-on-
approaches-for-financing-and-
investing-in-climate-resilient-
infrastructurei¥f6d��6a-en.html
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G uardian

Part of this story is an adaptaࢼon 
of  a n origina l  w ork  b y  th e O E C D . 
T h e op inions  ex p res s ed a nd 
a rgu ments  emp l oy ed in th is  
adaptaࢼon should not be reported 
as represenࢼng the oLcial views 
of  th e O E C D  or of  its  M emb er 
countries.

T o address th e issue of  a c h anging 
climate and improve the resilience 
of  c ountries’  inf rastruc ture, 
investment is needed. �ECD data 
reveals an increase in climate-
significant public investment from 
regional and local governments. 

Investing in climate resilience
New developments present an 
opportunity to build the ethos of 
climate resilience into projects 
from the outset, improving the 
cost viability of those projects and 
dec reasing th e need to ma intain 
and retrofit existing assets.

14   

F ig ur e  3

From flooding to droughts 
to bushfires, climate 
change affects the 
built environment, and 
transport and energy 
systems in different ways. 
As identified by the �ECD, 
here are just some of the 
impacts, which reveal an 
across-the-board effort 
towards building resilience.

Impact on 
infrastructure

BUSHFIRES
ִ Burning of buildings and
   transm ission c abl es
ִ Damage to power
   production assets and 
   telecommunications
   towers
ִ Blocking of transport 

routes

EXTREME HEAT
ִ Pavement softening
ִ Thermal rail expansion
ִ �verheating of data centres
ִ Increased evapotranspiration
   from reservoirs

ִ Inundation of
   roads and ports
ִ Coastal erosion
ִ Damage to assets
ִ Increased pollution

STORMS AND HIGH WINDS
ִ Blockage of roads due to fallen trees
ִ Damage to buildings from loose debris
ִ Damage to ports, ships and cargo
ִ Certain transport routes become unsafe

DROUGHTS
ִ Riverine transport routes
   become unnavigable
ִ Reduced hydropower 
   production
ִ Reduced water supply

SEA LEVEL RISE

Climate-signifcant investment by level of government in OECD countries, 
AUD PPP per capita (real terms)
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How climate change-induced disasters can impact the built environment
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h e  p urp ose of  resil ient engineering was m ade 
abundantl y c l ear to c iv il  engineer Dr Anne G ibbs 
F I EAust EngEx ec ,  C EO  of  th e Asset M anagem ent 
C ounc il ,  wh en sh e trav el l ed to th e I ndonesian 

island of Nias following a destructive earthquake in �00�.
More than 1000 people had died during the event, with 

around �0 per cent of buildings in the city of Gunungsitoli 
collapsing. A large part of the role played by Gibbs, an 
engineer dep l oyed with  R edR  Austral ia,  was to assess p ubl ic  
inf rastruc ture dam age,  inc l uding sc h ool s,  h osp ital s,  roads,  
churches and bridges.

M ost of  th e h ouses th at h ad c ol l ap sed,  sh e real ised,  were 
built from concrete. These larger, more substantial homes 
typically belonged to aĐuent residents, while those with less 
wealth lived in modest, wooden houses. Those traditional 
h ouses h ad rem ained intac t wh il e th e h eav ier c onc rete ones 
c rum bl ed as a resul t of  p oor struc tural  design and an absenc e
of reinforcing and tie beams.

“ I t h ap p ened wh il e ev eryone was asl eep ,  so a l ot of  weal th ier 
p eop l e in th ese h ouses died, ”  said G ibbs,  wh o h as al so serv ed 
for several years as an adviser to the Coalition for Disaster 
Resilient Infrastructure. 

“Then, the people in the mountains who wanted to bring 
th eir rubber to th e businessm en,  wh o woul d sel l  it onwards,
had no-one to sell their rubber to. Therefore, they couldn’t 
earn enough money to buy rice. They began to starve. 
Everything we do as engineers affects all of societyU it 
all has a knock-on effect.”

Gibbs has carried out similar roles elsewhere. In East Timor, 
under military protection, she helped women establish a 

Words by Chris Sheedy

A career spent designing infrastructure 
solutions has proven to Dr Anne Gibbs 
FIEAust EngExec the undeniable 
connection between culturally informed 
engineering and truly resilient outcomes.

Local insight 
enables stronger 
infrastructure

T
LEFT: D r  A n n e  G i b b s 
F IE A u st  E n g E x e c ,  
A sse t  M an ag e m e n t  
C o u n c i l .

“The operation and maintenance phase 
of a project represents about 80 per 
cent of the cost over the life of the 
asset. There’s a great opportunity to 
improve how it’s being done.”

sustainable hostel after many of the region’s 
men had been killed during Indonesian 
occupation. In Africa, with the �nited 
Nations Refugee Agency, she worked
among refugee communities along the 
Rwanda-Tanzania border. And in Romania, 
she helped tackle waste management 
challenges that had significantly threatened 
public health.

W h at does any of  th is h av e to do with  
inf rastruc ture asset m anagem ent and 
resilience in Australia? Plenty, she said. And 
th e sooner we l earn th ese l essons,  th e 
beħer the outcomes will be.

Close collaboration crucial
I n Austral ian engineering righ t now,  G ibbs 
said,  th ere is a strong f oc us on th e design 
and construction phase. But, increasingly, 
engineers are real ising th at resil ienc e and 
sustainability, as well as best-practice risk 
m anagem ent,  c om es onl y f rom  wh ol e-
of-life planning, including operation, 
m aintenanc e and dec om m issioning,  or 
circular repurposing.

“The operation and maintenance phase 
of a project represents about ¥0 per cent of 
the cost over the life of the asset,” she said. 
“There’s a great opportunity to improve how 
it’s being done.”

A thorough consideration of the 
operation and maintenance phase looks 
at material selection for the intended 
use f or th e f ul l  p eriod,  inc l uding reuse at 
end of life. It plans for integration with 
th e inf rastruc tural ,  h um an and natural  
ecosystems around it. And, in an age of 
inc reasing c l im ate- induc ed sev ere weath er 
events, it allows for climate adaptation, 
demonstrating a deep understanding of 
disaster risk reduction.

None of  th is is p ossibl e with out 
close collaboration with all stakeholders, 
particularly end users and others in the 
local community.

“The reason I was successful on Nias 
I sl and was bec ause,  as soon as I  went th ere,  I  
went to see the town chief,” Gibbs said. >
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“Resilience in engineering 
is about breaking the 
damage cycle. It is an 
investment in the future, 
in the entire lifecycle. It 
is about risk reduction 
for the future and long-
term planning, which 
demands an asset 
management approach.”
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“ H e im m ediatel y gav e m e resourc es to h el p  m e,  and th e abil ity 
to c onnec t to th e l oc al  p ubl ic  works dep artm ent and to oth ers 
in th e c om m unity,  wh o h el p ed m e understand ex ac tl y wh ere th e 
worst areas were,  and wh at was and wasn’ t needed.

“You need to work in collaborati on with the local community 
if you want to be eff ecti ve and provide infrastructure people 
wil l  use and m aintain. ”

Al l  p roj ec ts,  wh eth er designed f or a m odern c ity c entre or 
in th e m iddl e of  a disaster z one,  m ust be c om m unity- driv en,  as 
opposed to engineered soluti ons imposed from above, or from 
th e outside.

G ibbs’ s doc toral  researc h ,  f oc using on c ul tural  risk in 
engineering p roj ec ts,  rev eal ed th at ev en th e m ost tec h nic al l y 
sound p roj ec ts c an f ail  if  th ey don’ t al ign with  l oc al  c ustom s,  
soc ial  struc tures or gov ernanc e system s.  And so,  understanding 
th e way p eop l e work,  h ow th ey c onnec t,  wh at driv es th eir 
dec isions and m ore,  is v ital  to p roj ec t suc c ess.

A l ac k of  understanding of  th e way p eop l e wil l  use a p iec e 
of  inf rastruc ture during its l if e,  and h ow th ey wil l  m ov e,  l iv e 
and work around it,  wil l  add c ost at best.  At worst,  it wil l  resul t 
in complete failure, potenti ally bringing injury or death.

“It may be you don’t end up wanti ng to build the originally 
planned structure at all,” she said. “It might be beħ er to look at 
a do- noth ing ap p roac h .  O r p erh ap s it sh oul d be rep urp osed as 
som eth ing el se.

“ Y ou c an’ t j ust c om e in as an engineer and th ink,  ‘ T h is v il l age 
needs a wel l ,  so I ’ l l  do th em  a f av our by dril l ing one righ t in th e 
m iddl e of  th e v il l age’ .  B ec ause it’ s absol utel y p ossibl e th e dail y wal k 
to get water is v ital  to th e p eop l e in a num ber of  oth er ways. ”

�o4 �u0t/�)i�O0 en$inee/0 c�n !o be  ͵ e/
Gibbs’s research, knowledge and experience confi rm that 
resil ient engineering isn’ t j ust about stronger m aterial s 
or smarter technology, but also about integrati ng cultural 
understanding into dec ision- m aking.

I n disaster rec ov ery,  in c ity p l anning and in al l  oth er f ac ets 
of  inf rastruc ture dev el op m ent,  engineers m ust work h arder to 
f ac tor in asp ec ts of  th e h um an and c ul tural  ex p erienc e.

“ Al l  of  th is is im p ortant bec ause,  as engineers,  we want to 
make the world a beħ er place,” Gibbs said. “We do our work 
bec ause we want to im p rov e soc iety.

“ R esil ienc e in engineering is about breaking th e dam age 
cycle. It is an investment in the future, in the enti re lifecycle. It 
is about risk reducti on for the future and long-term planning, 
wh ic h  dem ands an asset m anagem ent ap p roac h .

“ M ost of  al l ,  it is about inv ol v ing th e c om m unity so you know 
up - f ront ex ac tl y h ow th at asset is going to be used,  op erated 
and m aintained.  C om bine th at with  th e ex c el l ent tec h nic al  
engineering th at we do so wel l  in Austral ia,  and we’ l l  be abl e to 
realise beħ er value from our infrastructure.” □
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Avoid 
a corrosion 
disaster

As a speci�er for your building project, 
understanding the impact of the environment 
on steel is crucial when considering 
corrosion protection. 

For more information scan the QR code 
and look for Advisory Note 49

The Galvanizers Association of Australia (GAA) and its 
members possess extensive knowledge on the appropriate 
level of coatings required for various environmental conditions 
giving you the con�dence that your coatings will comply with 
the Australian Building Codes Board’s new ABCB Housing 
Provisions Table for corrosion protection. 

Don’t risk a corrosion disaster – trust the expertise of the GAA.

www.gaa.com.au
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s I step p ed into th e M el bourne p l anning p anel  
room  a dec ade ago,  m y h eart was p ounding.  W e 
were rol l ing out an ev idenc e base to em bed 
quantitative sustainability benchmarks into the city’s 
planning scheme for the first time – no small feat.

Three months ago, my boss shrugged on his backpack and, 
h oneym oon- bound,  said to m e,  “ J oan,  you are now th e ex p ert” .

Now,  f ac ing a room  f ul l  of  barristers and p anel  m em bers,  I  f el t 
intimidated, but prepared. Thanks to Arup’s support land a coachm, 
I stood my ground, answered every question and walked out 
knowing I could both speak the technical language and translate 
its im p ac t.

T h at m om ent c rystal l ised wh at resil ienc e trul y m eans f or m e.  
Resilience isn’t just about enduring adversityU it’s about taking 
every challenge as a moment for learning so we get beħer every 
time. Today, I carry that lesson into every project.

Whether I’m guiding drought-sensitive precinct design, advising 
on flood-resilient rail projects, or weaving social impact into the 
energy transition, my mission is the same: build places that don’t 
just survive, but which evolve through crises.

Chasing water, not titles
I grew up in a suburban corner of Australia, the daughter of 
immigrants who prized stability, but also encouraged me to find 
work that maħered.

Engineering made sense. But I’ve always loved storytelling, and 

As told to Julia Abbondanza

From environmental engineering to 
systems transformation, Arup’s Climate 
and Sustainability Leader, Joan Ko, is 
building a more resilient future one 
framework at a time.

Designing 
systems 
of resilience

LEFT: J o an  K o ,  A r u p .

“Resilience isn’t just about 
how strong your bridge is. 
It’s about how connected 
your community is when 
disaster strikes.”

I think that combination is what ultimately led 
me to systems thinking.

F rom  m y earl iest m em ories,  water 
f asc inated m e.  G rowing up  during th e 
M il l ennium  Drough t m ade ev ery drop  
feel precious. When I first enrolled in 
env ironm ental  engineering at M onash  
�niversity, I wasn’t sure exactly where it would 
lead, but I knew I wanted future Australians 
to h av e th e c h anc e to ex p erienc e th e 
environment like we did.

But back then, I couldn’t have told you 
what the job would be. It didn’t exist yet.

After university, I followed my boyfriend, 
now m y h usband,  to th e U K .  I  tol d m ysel f  
I  needed som eth ing to do in c ase th e 
relationship didn’t work out, so I signed up for a 
master’s in sustainable development. It turned 
out to be a p iv otal  m om ent.  

In the ��, no one wanted to talk about 
drought. “Water just falls out of the sky 
h ere, ”  som eone tol d m e.  I nstead,  I  f ound 
m ysel f  deep  in c arbon p ol ic y and c ity 
design. I returned to Australia in �010 with a 
c om p l etel y new l ens.

From local projects to 
regional strategy
Back home, there was a lot of momentum 
for sustainability. Suddenly, climate-positive 
p rec inc ts and z ero- em ission p l anning were on 
th e agenda.  

I drove my first major project at Fishermans 
Bend, translating grand decarbonisation 
ambitions into concrete precinct-level 
req uirem ents.  W atc h ing th ose p rec inc t 
p l ans go f rom  p ap er to p ol ic y to p av em ent 
taugh t m e th at big v isions dem and rigorous 
p roc esses and p ersistent adv oc ac y.

LEADERSHIP
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R esil ienc e isn’ t j ust about h ow 
strong your bridge is.  I t’ s about h ow 
c onnec ted your c om m unity is wh en 
disaster strikes.  

Ev entual l y,  I  step p ed into 
m anagem ent rol es,  but wh en Arup  
adop ted S ustainabl e Dev el op m ent 
G oal s as p art of  its m ission,  I  knew 
it was time to go back to the “why”. 
I  c al l ed up  senior l eaders and said I  
wanted in. That conversation helped 
shape the creation of the climate 
and sustainabil ity serv ic es team  
which I led in its formative three 
years in Austral asia.

I  am  now step p ing into a new 
leadership position overseeing 
Arup ’ s gl obal  c l im ate and 
sustainabil ity team .

Learning from disruption
I often find that people reduce 
resil ienc e to h ard inf rastruc ture –  
things like flood defences or backup 

telecommunication providers would 
not be abl e to trac k p ower status or 
estimate the time for electricity to 
be restored. �nless we find ways to 
trust eac h  oth er enough  to use th is 
information, we’re not maximising 
wh at we know.

T h is is th e kind of  work I  do:  
h el p ing our c l ients m ov e f rom  insigh t 
to action, from resilience in theory to 
resilience in practice. 

�ne of the most exciting shifts 
I’ve seen is that resilience is finally 
being seen as interdisc ip l inary.  
I t’ s not j ust about assets and 
inf rastruc ture;  it’ s about 
communities, Country and culture.

I often remind colleagues that 
c h ange is not l inear.  Y ou buil d 
foundations, deep foundations, and 
for a long time can’t see evidence of 
th at c h ange.  T h en,  al l  of  a sudden it 
seem s l ike,  ov ernigh t,  a skysc rap er 
is up .  

T h at anal ogy ap p l ies to c l im ate 
action: years of stakeholder 
al ignm ent,  de- risking standards 
and data platform builds. Then 
one moment, a flood-resilience 
inv estm ent or a net- z ero p rec inc t 
plan launches and everything shifts.

Listening as leadership
A l ot of  wh at I  do now isn’ t j ust 
technical, it’s relational. That’s 
esp ec ial l y true wh en we tal k 
about integrating First Nations 

p ower system s.  T h at’ s p art of  it.
B ut to m e,  resil ienc e is j ust as
m uc h  about p eop l e as it is about 
p l ac e.  I  c are m ost about wh eth er 
we’ re l earning.  

From a professional point of view, 
th ere are doz ens of  f ram eworks 
and indic ators around resil ienc e.  
But the perspective I’m particularly 
p assionate about is our c ap ac ity to 
learn from disruption – to adapt, 
adjust and improve each time.

W e’ v e h ad royal  c om m issions 
into bushfires over and over again. 
W e h av e th e knowl edge,  but do we 
ac tual l y ac t on it?  Do we sh are it?  
During an em ergenc y resp onse,  f or 
example, everyone’s got the data 
th ey need tuc ked away in sil os.

For example, in April this year, 
m obil e p h ones stop p ed working 
during th e S p ain- P ortugal  el ec tric ity 
bl ac kout.  I f  th at h ap p ened in 
Austral ia,  I  understand th at 

LEFT:
A  l o t  o f  J o an  K o ’ s 
�orh is relational 
r at h e r  t h an  t e c h n i c al .

“Change is not linear. You build 
foundations, deep foundations, 

and for a long time can’t see 
evidence of that change. Then, 

all of a sudden it seems like, 
overnight, a skyscraper is up.”
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knowl edge into engineering and 
sustainabil ity work.

�ur greatest contribution to 
m eaningf ul  engagem ent is not in 
th e outc om e,  it’ s in th e p roc ess.

For a long time, engineering 
treated I ndigenous knowl edge as 
som eth ing we c oul d ex trac t,  or 
som eth ing to sl ot into a rep ort or 
bol t onto a p roj ec t.  B ut th at m indset 
m isses th e p oint f or m e.  I t’ s not 
about extractionU it’s about respect.

O ne of  th e p riv il eges –  and 
responsibilities – of my role is to 
c reate enduring struc tures th at h el p  
us to c onsistentl y and m eaningf ul l y 
del iv er on th is resp ec t th rough  
our work.  At Arup ,  we ap p ointed 
a dedicated First Nations project 
l eader,  M el anie G ril l s,  to h el p  
reframe our expectations. It means 
these questions aren’t just a “nice to 

h av e” ,  but are a c ore p art of  our work 
as l eading p roj ec t engineers.

W e al so need to be h onest about 
th e bias in our system s.  As engineers,  
we’re trained to prioritise wriħen 
and quantitative information. That 
ex c l udes a l ot of  knowl edge th at’ s 
passed on orally or experientially, 
which is central to First Nations 
c ul tures.  O ur j ob isn’ t to rep l ac e 
th at knowl edge with  our own.  I t’ s 
to create space so that Traditional 

O wners c an l ead,  inf orm  and sh ap e 
outc om es in ways th at h onour our 
shared responsibilities to Country.

I  ap p l y th e sam e p rinc ip l e in 
l eadersh ip .  I  don’ t want to be th e 
p erson with  al l  th e answers.  I  want 
to be th e p erson wh o h ol ds th e 
sp ac e,  som eone wh o m akes it saf e 
to ask beħer questions and helps 
p eop l e see th em sel v es as j oint 
custodians of their organisations, 
community and place. □

RIGHT:
V i sualisation o= 
�lummer "treet in 

ishermans �en7ķ 
�elbourne. �ma]eĹ 
�ity o= �ort �hillip
BELOW: Aerial �ie� 
o= 
ishermans �en7.
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Words by Dr Gabrielle Kuiper

The 
distribution 
revolution
While Australia has more rooftop 
solar per capita than any nation, 

policy and regulation lags mean the 
potential for distributed energy 

resources to expedite the energy 
transition is yet to �e fulţlle!T
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Solar leadership
Australia is the leading country in rooftop solar
lRTSm when measured in waħs per capita. This means, 
to date, households and businesses have invested
well over ��� billion in DER. With Federal 
Government subsidies having commenced on 1 �uly 
�0��, they will soon invest many billions in home and 
business baħeries.

RTS is now capable of meeting at least half of 
the underlying energy demand across the National 
Electricity Market lNEMm in the middle of a sunny day.

�ccasionally, the entire state of South Australia is 
fully supplied with electricity by RTS in the middle of 
the day. This first occurred on �� September �0��, 
when RTS supplied 101 per cent of South Australian 
electricity lsee Figure 1m.

DER’s future in the energy system
The Australian Energy Market �perator’s lAEM�m 
Integrated System Plan lISPm projects that by �0�0:
ִ RTS and other distributed solar will be the largest 
source of generation capacity at ¥6 GW.
ִ 79 per cent of households will have rooftop solar.
ִ �6 GWc660 GWh of storage capacity will be 
needed.
ִ Coordinated consumer energy resources storage 
will be �7 GW.

However, even AEM�’s �0�� ISP step-change 
scenario is conservative as it does not assume any 
vehicle-to-grid capacity before �0�0. >

i st r i b u t e d  energy resources lDERm are 
small-to-medium-scale energy resources 
connected to the distribution network, 
either in front of or behind the meter. 

There are three broad categories of DER:
ִ  Distributed generation – Electricity generated at 
or close to the site of use
ִ  Energy storage – Capturing energy locally 
produced at one time for use at a later time
ִ  Flexible demand – Appliances or machines which 
are able to have their time of use altered passively
or dynam ic al l y

Greater uptake and beħer integration of DER 
has the potential to speed up and help lower the 
overall cost of Australia’s transition to ¥� per cent 
renewables by �0�0.

Far from being “at least �0 per cent of our energy 
solution”, DER could be at least half of the future 
energy system.

T his is an edited extract f rom the 
Acceleraࢼng the energy transiࢼon essay 
seriesĸ $he =ull essay can 0e =oun7 on 
the �ngineers Australia �e0siteĸ

D

ABOVE:
D r  G ab r i e l l e  K u i p e r ,  
Institute =or �ner]y 
�conomics an7 

inancial Analysis.

Figure 1: Installed rooftop solar capacity by year
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“Harnessing DER to provide network 
support services is almost always cheaper 
than building new infrastructure.”

Swiss army knife of the grid
Esp ec ial l y wh en aggregated,  DER ,  l ike a S wiss arm y 
knife, can provide multiple services to an electricity 
system .  A m eta- anal ysis f ound th at th ey c oul d del iv er 
at l east $ 1 9  bil l ion in net p resent v al ue by 2 0 4 0 .  T h is 
inc l uded $ 1 1  bil l ion in reduc ed transm ission and 
distribution augmentation and replacement costs, 
and �¥ billion in reduced large-scale generation and 
storage c osts.

In addition, economic consultants NERA identified 
a further potential consumer benefit of �10 billion in 
reduced generator super-profits through the smart, 
flexible use of DER lsee Figure �m. 

�ata Ťo4 c%allen$es
Distribution networks were originally considered 
a passive termination of the transmission network 
with unidirectional power flows. A one-directional 
electricity grid delivered affordable and reliable 
energy th rough  a “ set and f orget”  design.  Adv anc es 
in technology, specifically low-cost solar panels, 
c h anged al l  th at.

Now, distribution network operators need 
greater v isibil ity of  th e l ow- v ol tage network f or both  
operation and planning purposes. Solar Analytics’ 
DER Visibility and Monitoring Best Practice Guide 
lists common sets of static and dynamic data for eight 

use cases, compiled in consultation with industry lsee 
Figure �m. This space, where data science meets AI 
m eets p ower el ec tronic s,  is f ast ev ol v ing.

�olta$e *ana$e*ent
Around 2 0 1 9 ,  th ere were industry c onc erns about 
exports from solar systems increasing voltages in LV 
networks.  T h e resul ts of  a study c om m issioned by 
th e Energy S ec urity B oard sh owed v ol tages were 
running above the ��0 V NEM standard 9� per 
cent of the time. However, it was also discovered 
that the underlying cause was not rooftop solar, 
but operational procedures developed in response 
to large air-conditioning loads being installed in 
the �000s and �010s and a slow transition by 
distribution networks from ��0 V to ��0 V.

Rooftop solar was in fact a victim of high voltages, 
as rooftop solar systems trip when the network 
voltage reaches ��¥ V, which was happening more 
th an was nec essary.

	le5i�le e5po/ts
Given the lack of visibility at the LV level and traditional 
conservative approaches to network operation, 
distribution networks have generally set the export 
limit for household solar systems to � kW per phase. 
However, as the average household RTS system is 
now over ¥ kW, these static limits can curtail the 
contribution of RTS to the grid, especially for homes 
th at are em p ty during th e day,  and so reduc e th e 
return on inv estm ent f or th ese h ouseh ol ds.

SA Power Networks has developed software that 
sends a dynamic operating envelope lD�Em, “flexible 
export” limit of up to 10 kW to solar inverters. This 
innovative software means solar households in South 
Australia have the potential to double their exports 9¥ 
per cent of the time. In �uly �0��, consultants Cutler 
Merz found most DNSPs plan to incorporate D�Es 
within the next five years.

However, there are two regulatory issues: there is 
no harmonisation with several different approaches 
to the definition, publication, communication and 
enforcement of D�Es underwayU and there is no 
compulsion for distribution networks to implement 
D�Es. This is one area where engineers can and 
sh oul d be engaging with  th e energy m arket bodies to 
ensure best practice in DER integration. 

Future savings
Individual or aggregated DER can substitute for 
augmentation or replacement within existing 
networks. Harnessing DER to provide network 

	i$2/e :V �sti*ate! �eneţts o# �ist/i�2te! �ne/$y 
�eso2/ces F���G to t%e �ational �lect/icity �a/(et F���G

Emergency capacity

$11bn1 in avoided network costs

$10bn2 in reduced generator 
su-er -roţts

Net present value to 2040

$8bn2 in reduced generation 
 and storage costs

Storage

Network services

Flexible dem
and

Ele
ct

ric
ity

 gen
er

at
ion

Ancillary services

Ǝ. �aringa Partners. Potenࢼal networh beneCts from more eLcient 	ER integraࢼon. ƎѴ �une ƏƍƏƎ.
Ə. �ERA Economic consulࢼng. (aluing Load Fle�ibility in the �E�. Ǝ February ƏƍƏƏ

��� can !eli3e/ *2ltiple 
ene/$y se/3ices 4it% 

la/$e econo*ic �eneţts
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sup p ort serv ic es is al m ost al ways c h eap er th an 
buil ding new inf rastruc ture.  

In addition, owners of DER can be paid, increasing 
th eir return on inv estm ent and reduc ing al l  c onsum er 
bills. This could reallocate revenue from distribution 
networks to DER owners.

Back in �017 ENA and CSIR�’s Electricity 
Network Transformation Roadmap forecast �16 
bil l ion in av oided network inf rastruc ture inv estm ent 
by �0�0 paying DER owners more than ��.� billion 
p er annum  f or grid sup p ort serv ic es.

Catalyst for success
The smart integration of DER into distribution 
networks could result in cheaper, faster 
decarbonisation. This depends on innovative 
engineers both developing the technical solutions 
and engaging with  p ol ic ym akers and regul ators 

to ensure they understand the opportunities and 
remove barriers in a timely fashion.

The technical limitations on the integration of 
DER are not what is currently holding this back, it is 
the conservative mindset of those steeped in a �0th 
c entury grid.

For the revolution in distribution, we need to 
rec ognise status q uo bias and be l ess c onc erned with  
h ow th e system  h as op erated in th e p ast.  W e need 
to be more like Emmeħ “Doc” Brown in B ack  to the 
F uture: agile, innovative and harnessing lightning to 
change history. □

Figure 3: Low-voltage visibility value streams

D r G abrielle K uiper is a guest contributor to the 
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inancial 
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If you’re an Engineer, Engineering Technologist 
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The Chartered credential is recognition of your 
technical skills, opening up new opportunities, 
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It’s time to make your mark. 
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S U S AN K RE E M E R PI C K F O RD   
F I E Aust CPE ng E ngE xec i s P r i n c i p al  E n g i n e e r  
at  E n g i n e e r s A u st r al i a.

PRO F E S S O R C H E RYL  D E S H A
F I E Aust CPE ng E ngE xec i s S c i e n c e  an d  
�nno�ation 	irector at �atural �a�ar7s 
R e se ar c h  A u st r al i a.

F o r  A u st r al i a’ s system s and 
inf rastruc ture to serv e us wel l  into 
th e f uture,  we need to em bed 
nature in h ow we reduc e risk,  
buil d resil ienc e and adap t to 
escalating disruption. 

Nature positive disaster risk 
reduction solutions offer a clear 
path forward, blending ecological 
restoration with disaster 
mitigation to create systems that 
not onl y with stand sh oc ks,  but 
regenerate through them.

Rather than rely solely on grey 
infrastructure, we must integrate 
blue and green solutions – such 
as mangrove restoration, green 
firebreaks and floodplain rewilding 
– into urban and regional planning. 

BLUE-SKY THINKING

L o o k i n g  to th e f uture,  at th e 
evolution of infrastructure 
delivery, I think engineers will 
increasingly bring critical thinking 
and creativity to the forefront. 
The traditional approach of 
designing with the end in mind 
has already shifted to designing 
with redeployment in mind. This 
will continue to be a trend.

Every stage of infrastructure 
delivery – planning, design, 
execution and redeployment – 
must be built around life recycling, 
rather than the finite lifecycle of 
infrastructure.

We will be guided by tailored 
design solutions, shaped 
by geographical conditions, 
env ironm ental  and resourc e 
constraints, and real-time data. 

Technology will be the key to 
building these assets, but also to 
maintenance. Robotic systems 
and el ec tronic  surv eil l anc e 
will help us manage and install 
replacement parts, keeping 

How can Australia 
shockproof its 
core systems and 
infrastructure against 
existing and future 
threats?

“The traditional approach of
designing with the end in mind has 
already shifted to designing with
/e!eploy*ent in *in!T˾�%is
will continue to be a trend.”

infrastructure operational with 
minimal disruption.

And, as engineers, we will be 
front and centre solving new and 
increasingly complex challenges. 

Austral ia m ust m ov e to m ore 
circular practices to achieve 
sustainable infrastructure delivery. 
This can be achieved through 
devising and implementing 
systemised circular principles. 
Technological integration will 
be core to optimising design 
specifications, material use and 
advanced construction methods 
– to minimise waste and maximise 
resource recovery and reuse.

W e al so need to m anuf ac ture 
c om p onent p arts l oc al l y,  
eliminating the need for lengthy 
sh utdowns c aused by sup p l y- c h ain 
issues. Most of all, we need to 
ov erc om e th e resistanc e
to change entrenched and 
outdated operational models that 
hampers progress. 

Engineers will lead this change. 
We are skilled in adaptation, 
drawing from testbeds of global 
innovation, enduring curiosity and 
a drive to do beħer.
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T h e  b i g g e st  op p ortunity f or 
Austral ia to f uture- p roof  our c ore 
system s and inf rastruc ture is to 
solve our productivity problem.

W e c urrentl y rank 1 6 th  
out of  2 4  O EC D c ountries f or 
productivity, with construction 
trailing behind. �ur vast 
geography and small population 
inc rease th e strain of  sl uggish  
productivity while core systems 
require ongoing development.

W e f ac e an im p erf ec t 
storm of building generational 

T O D D  B AT T L E Y
i s �hie= ��ecuti�eķ Australiaķ 
at Aurecon.

infrastructure within a highly-
regulated, resource- and budget-
constrained environment, slow 
to adopt innovation at scale. True 
resil ienc e dem ands c onsidered 
investments with a systems-
based approach – acknowledging 
interdependencies and prioritising 
mission-critical assets early.

Investing in resilience up 
front helps reduce disruptions, 
lower costs, and strengthen 
long-term social, economic and 
environmental outcomes.

Sometimes disruption sparks 
innovation. C�VID did, and
now the Brisbane �0�� Games 
giv es Q ueensl and a c atal yst
to rec onsider ap p rov al  and 
delivery systems.

We certainly need collaboration 
and early engagement. Aurecon’s 
partnerships in the water sector 
demonstrate this, achieving 
beħer community outcomes and 
stronger water resilience.

�ur work with �IC, using the 
�NDRR Scorecard, establishes 
asset resilience baselines to help 
prioritise improvements.

The profession faces a 
question: Can the burning 
platform of lifting productivity 
p rov ide th e ex ternal  c atal yst to 
approach problems differently?

Engineers p ossess th e c uriosity 
and problem-solving skills to 
design complex systems. Now 
is the time for collaborative, 
digitally-enabled, scalable, cost-
effective and fit-for-purpose 
engineering. And it may require 
breaking a few of the rules of 
physics, leaning into speed, and 
embracing risk.

We’re trusted advisors. We 
sh oul d l ev erage th is p riv il ege to
be bolder in our decision-making, 
and advocate more proactively
for change. □

“We’re trusted advisors. 
We should leverage this 
privilege to be bolder 
in our decision-making, 
and advocate more 
proactively for change.”

These nature-based approaches 
have proven benefits, from 
reducing storm surge and bushfire 
intensity to boosting biodiversity, 
carbon sequestration and 
community wellbeing.

We must reorient public and 
private investment. Recognising 
disaster risk reduction in 
nature markets, green bonds 
and adaptation funding would 
incentivise long-term outcomes. 
P roj ec ts suc h  as irrigated
green firebreaks or wetland 
restoration in flood-prone regions 
can demonstrate eăcacy and 
inform scale-up. Partnering with 
First Nations peoples is also 
essential: landcare practices
h av e saf eguarded C ountry f or 
millennia and should be central to 
national strategy.

Austral ia needs to v al ue not 
just the upfront cost, but the 
c om p ound returns of  ec ol ogic al  
resilience, risk reduction and 
community benefit. We’ve seen 
these principles in action in the 
Netherlands, China and the �S. 
Now it’s our turn to lead with an 
Australian model that protects both 
people and the planet.

“Australia needs a systems lens – 
valuing not just the upfront cost, but 
the compound returns of ecological 
resilience, risk reduction and
community benefit.”

J oin "usan �reemerŊ
�ich=or7 an7 
�ro=essor �heryl 
	esha at �"�ƑƔ 
at the A7elai7e 
�on�ention �entreķ 
ƑƕŋƑѶ Au]ust ƑƏƑƔ.
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So much more than a buzzword, 
resilience has come to represent a 
professional imperative for engineers. 
In the face of unprecedented climate 
extremes, entire cities must be built to 
bounce back, adapt and thrive.

Engineering for a 

WORDS BY CHRIS SHEEDY

storm of change

F lo o d- i nu nda t ed r o ads near  Cai rns i n 2 0 2 3 .
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Engineering for a 
storm of change

0.2-0.3 m
AN ESTIMATED SEA 
LEVEL RISE OF

EVENTS WILL BECOME 
ANNUAL EVENTS 
IN SOME REGIONS BY THE 
END OF THE CENTURY
S ou rces :  C S I R O ,  I P C C

1-in-100-year
BY 2050 MEANS THAT

BY THE NUMBERS
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standards,  th at’ s great –  if  c l im ate 
c h ange h as been al ready f ac tored 
in, ”  Nol an said.  “ B ut th ere are a l ot 
of  design standards th at we’ l l  be 
waiting another 10 years before 
th ey up grade,  m aybe ev en l onger.  
T h ey al l  real l y need to f ac tor it 
in –  now.

“ A good ex am p l e is th e 
m assiv e num ber of  transm ission 
towers going up  as p art of  th e 
renewabl e energy transm ission 
infrastructure, using the existing 

A s transm ission towers ac ross Q ueensl and and Vic toria are knoc ked 
down by extreme winds, homes in NSW partially collapse into the 
sea,  and bridges and c ul v erts in rem ote regions are destroyed by 
bushfires, severing lifelines to rural communities, serious questions 
are being asked about resil ienc e in th e buil t env ironm ent.

In an age of climate change, engineering is experiencing entirely 
new c h al l enges th at suggest som eth ing m ore th an buil ding to c ode 
is required.

I n th e Austral ian engineering sp ac e,  th e standards,  rol es and 
expectations are shifting dramatically as a new realisation dawns: 
mitigation of disasters alone simply won’t cut it.

“It’s possible resilience still means the same thing that it always 
h as,  but our c ontex t h as c h anged, ”  said engineer S am anth a P eart,  
G l obal  H ead of  S ustainabil ity f or H assel l .  

“Different shocks and stresses have come to the fore. Previously, 
we’ v e h ad a l ot of  f oc us on designing out risk,  as op p osed to 
adaptation. But now, adaptation is becoming more of a focus as 
science tells us the actions we’ve taken thus far are not mitigating 
th e risks. ”

M ic h ael  Nol an,  P rinc ip al  and Direc tor of  C l im ate R isk and 
R esil ienc e at Aurec on,  agreed.  “ W e’ re seeing greater f ail ures as 
impacts are larger than the buffers we design as engineers,” he said. 

The climate has already shifted, it seems, but the codes haven’t 
c augh t up .  

“If everyone automatically uses current engineering and design 

A
P�ake Ťoo!in$ as an e5a*-le ̀  
one a--roa h �uil!s �arriers to 
kee- 4ater outW the other a  e-ts 
its inevita�ility to a  ertain e5tent 
an! asks ho4 s-a es  an a!a-tU 
a�sor� an! even �eneţt fro* itTQ

ABOVE: S am an t h a 
P e ar t ,  H asse l l .
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standards wh ic h  don’ t inc orp orate 
inc reasing ex trem e wind f rom  
m ic ro- storm s.  W e’ v e al ready
seen multiple failures in the last 
th ree years. ”

I nf rastruc ture f ail ures h av e 
al so rev eal ed th em sel v es in 
B risbane and Lism ore as a 
result of floods, across NSW 
and Victoria during fires, in the 
Northern Territory, Western 
Australia and �ueensland after 
cyclones, rain and supercell 
storms during South Australian 
heatwaves, and elsewhere.

“What’s the difference 
between designing out risk and 
designing for adaptation?” Peart 
said.  “ I t’ s rarel y th at bl ac k- and-
white, but take flooding as an 
ex am p l e –  one ap p roac h  buil ds 
barriers to keep  water out;  th e 
oth er ac c ep ts its inev itabil ity to 
a c ertain ex tent and asks h ow 
spaces can adapt, absorb and 
even benefit from it.

zFor residential buildings,
th ere onc e was a f oc us on 
designing out active conditioning 
systems – reducing energy use, 
cutting emissions and minimising 
c l im ate im p ac t.  

But now, instead of naturally 
ventilated buildings that eliminate 
air conditioning, we’re seeing 
advocacy for airtight buildings 
where active cooling systems are 
smaller and highly eăcient, and 
where ventilation happens in a 
controlled, optimised way.”

W e onc e engineered and 
designed with  th e idea of  
controlling nature, Peart said. 
However, the more severe the 
weather events, the more those 
c ontrol  m ec h anism s are f ail ing.  

Then there’s the fact that 
resil ienc e is about a l ot m ore
th an weath er.  

Broader than climate
W h il e resil ienc e in engineering
is h eav il y driv en by c l im ate 
c h ange- induc ed ex trem e weath er 
events, the topic is much broader 
th an th at.

Adam Davis, AEC�M’s 
Technical Director, Sustainability 
and Resilience, said resilience 
is not j ust about inf rastruc ture 
bouncing back after an extreme 
weath er sh oc k ev ent.  I t’ s al so 
about th e v ul nerabil ity of  
people, services, governance 
arrangem ents and natural  
ec osystem s.

Dav is was inv ol v ed in th e 
Rockefeller Foundation’s work as 
part of the 100 Resilient Cities 
initiative, intended to “help cities 
around th e worl d bec om e m ore 
resilient to natural, social and 
ec onom ic  sh oc ks and stresses” .

“They adopted the global 

definition of resilience, which was 
m ore a system s- based ap p roac h  
to addressing disruptions,” 
Davis said. “It defines resilience 
as th e c ap ac ity of  a c ity’ s 
systems, businesses, institutions, 
communities and individuals 
to survive, adapt and grow, no 
maħer what kinds of acute
sh oc ks and c h ronic  stresses
th ey ex p erienc e. ”

A classic example, he said, was 
the fact that New York City’s 
Emergency Management team 
was p l anning and p rep aring f or a 
major hurricane event. However, 
during th e dec ade l eading up  to 
Hurricane Sandy in �01�, the city 
suffered a major terrorism event 
and an anthrax aħack in �001, the 
Global Financial Crisis of �007, a 
p assenger p l ane c rash ing in th e 
Hudson River in �009, as well 
as oth er serious inf rastruc ture 

ABOVE:
F l o o d i n g  i n  L i sm o r e ;  
A d am  D av i s,  
A E C O M .
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ABOVE: E r v i n  H u n g ,  
�nterYo�.

>

)hen the concept o= miti]ation 
�as a ]reater =ocus than 
a7aptationķ the concept o= ľ=ailŊ
sa=eĿ �as the priority. An7 in 
many in=rastructure an7 other 
profects it still isķ =or ]oo7 reason.

)hile =ailŊsa=e remains 
the i7ealķ the reality o= le]acy 
net�orhs an7 operational 
constraints means en]ineers must 
plan =or both.

ľ�n]ineers aim to 7esi]n =or 
=ailŊsa=e systems that pre�ent 
=urther escalation by isolatin] 
=aults tuichlyķĿ sai7 �r�in �un]ķ 
"trate]ic "olutions �perations 
�ana]er at �nterYo�. ľ�ut in 
practiceķ �eĽre o[en �orhin] �ith 
a]ein] pipelines �here imme7iate 

Fail-safe vs fail-soft

“If everyone automatically uses current
engineering and design standards, that’s great 
– if climate change has been already factored 
in. But there are a lot of design standards that 
[will take] 10 years before they upgrade.”

replacement isnĽt possible at 
times. $hatĽs �here =ailŊso[ 
principles come inķ buil7in] in 
the ability to 7etectķ respon7 an7 
maintain partial ser�ice �hen 
thin]s 7onĽt ]o to plan.Ŀ

�n trenchless rehabilitationķ 
�here access an7 7isruption 
must be minimise7ķ this approach 
translates into smart monitorin]ķ 
sta]e7 rene�als an7 prioritisin] 
hi]hŊrish assets. �tĽs not about 
acceptin] =ailure; ratherķ itĽs 
about mana]in] it �isely �hen it 
happensķ �ithout compromisin] 
sa=ety or ser�ice 7eli�ery.

�n the built en�ironmentķ 
a ]oo7 e�ample is the 
renaturalisation o= sur=ace �ater 
courses in urban en�ironments. 

!ather than a strai]htķ concrete 

canal 7esi]ne7 to channel �ater 
a�ay as tuichly as possible 7urin] 
a si]niCcant rain e�entķ there is 
an acceptance that Yoo7in] �ill 
sometimes occur. As a resultķ a 
=ailŊso[ option is a mean7erin] 
streamķ �here the community can 
�alh the =ootpathsķ an7 enfoy the 
plant an7 bir7 li=eķ but �hich also 
copes �ith Yoo7 e�ents thanhs to 
its so[ sur=ace.

ľ+ouĽ�e ]ot to 7esi]n �ith 
natureķ as oppose7 to a]ainst 
itķĿ sai7 "amantha �eartķ �lobal 
�ea7 o= "ustainability =or �assell. 
ľ�n]ineers must plan ho� this 
can happenķ an7 allo� =or the 
tuality o= li=e or use o= the 
space to continueķ or pause an7 
rehabilitate in the tuichest
�ay possible.Ŀ

f ail ures,  and m ore.
“They came to the realisation 

th at th ey needed to ap p l y a 
holistic approach to address
al l  typ es of  sh oc ks, ”  h e said.  
“ T h rough  th e work f rom  th e 
Rockefeller Foundation and
m ore,  a l ot of  gov ernm ent 
agenc ies and industry group s 
h av e adop ted a sim il ar ap p roac h  
to resil ienc e p l anning. ”

Nol an,  al so ref erring to New 
Y ork’ s resil ienc e p l anning,  said a 
lot of effort went into convincing 
th e c l ient to raise th e runways,  
tax iways and ap rons at J oh n F .  
K ennedy Airp ort (J F K ) by one 
metre. That effort paid off when 
H urric ane S andy h it,  with  J F K  
being the only operating airport 
in th e state of  New Y ork.

“ LaG uardia Airp ort was out 

of action for six to eight weeks,” 
h e said.  “ I t al so m eant th at 
em ergenc y resp onses,  and oth er 
th ings th at reduc e th e c ost of  a 
disaster,  were greatl y im p rov ed. ”

F or c om p anies working in 
high-risk and confined-space 
env ironm ents,  resil ienc e m ust go 
beyond conventional responses. 
Ervin Hung, Strategic Solutions 
�perations Manager at pipeline 
infrastructure solutions provider 
Interflow, explained that 
resilience is also about continually 
innovating the approach to 
c om p l ex  engineering c h al l enges.

“ T h ere m ust be a p riority on 
solution designs at the concept 
stage to inc orp orate key th em es,  
suc h  as l owest c arbon f ootp rint 
for the entire lifecycle of the 
proposed solution, engineering 
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out critical safety risks and 
advancing trenchless water 
technologies,” Hung said.
“Every solution we develop
must consider and prioritise
these elements.

“It means when we make 
decisions, we are in the right 
headspace to not just consider 
excellent design principles, but 
also the safety of our people, a 
constant reduction of our carbon 
footprint and a drive to utilise 
leading trenchless technologies.”

Even in the pipe maintenance 
and repair space, resilience is 
about more than the environment.

And so, Davis said, 
organisations such as the NSW 
Reconstruction Authority are 
now going to great lengths to 
understand the community 
criticality of assets as part of 
disaster adaptation planning.

“It’s about enabling informed 
investment in the right places,” 
Davis said.

However, Nolan argues that
it’s not happening fast enough. 
The cost of resilience must be 
factored into all infrastructure 
investment decisions.

“It can actually result in a 
lower cost of capital,” he said. “But 
right now, the conversation isn’t 
mature enough.”

Considering the neighbours
Rebecca Miller, SMEC’s AN  
Manager for Sustainable Futures, 
has long held roles that explore 
the relationship between 
physical and social infrastructure. 
Resilience in its true form, she 
said, is about the consideration 
of a broad range of externalities, 
of a diverse and cascading range 
of shocks and stresses.

“Take a heatwave in Western 
Sydney, for example,” said Miller, 
who was involved in the early 
days of the Resilient Sydney 

program of works, in partnership 
with the Rockefeller Foundation. 
“A heatwave represents a shock 
event, but key stressors that 
underpin and amplify the impact 
of a heatwave can vary, and 
include societal challenges such 
as housing affordability, or lack 
thereof.”

This brings issues such as 
social equity and poverty into 
the resilience discussion. �n 
other projects, such as those 
associated with delivering large-
scale transport infrastructure, 
for instance, other issues may 
come into play. These might 
include planning for and 
responding to digital network 
failures, pandemics and physical 
terrorist aħacks.

“If parents are on a train 
to pick up their kids from 
school or daycare, and end up 
stuck or stranded, we need 
to consider the knock-on 
effect,” Miller said. “Resilience 
is about interdependency and 
interconnectivity.”

Too much of modern-day 
engineering is about drawing 
a line around a site and only 
considering what happens within 
that line, Peart said.

“Engineers and other built 
environment professionals are 
often engaged to work within 
a clearly defined site boundary 
– the red line around the 
building or plot of land. But too 
often, that boundary becomes 
a blind spot. Aside from utility 
connections like energy and 
water, we rarely consider the 
broader systems that the project 
is part of,” she said.

And so we end up with issues 
such as the flood wall around 
Victoria’s Flemington Racecourse 
that an independent report found 
contributed to increased flooding 
across hundreds of neighbouring 
homes and businesses. 

“That is an example of not 
considering the systemic impacts 
of interventions,” Peart said. 
“That has to change – every 

“A heatwave represents a
shock event, but key stressors 
that underpin and amplify the
impact of a heatwave can vary, 
and include societal challenges 
su h as housin$ affor!a�ilityU
or lack thereof.”

project needs to be understood 
in its full climatic, ecological, 
social and economic context, to 
ensure places and spaces are 
resilient and adaptive and are not 
creating problems for others.”

Identifying opportunity
Engineering for resilience isn’t just 
about focusing on and planning 
for potential negatives. The 
assumption of a broader point of 
view enables the identification of 
opportunity, Peart said.

ABOVE:
J o h n  F .  K e n n e d y  
�nternational 
A i r p o r t ,  N e w 
Y o r k ; 
lemin]ton 
R ac e c o u r se ,  
�elbourne.
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“ O ur ap p roac h  inc l udes 
ex am ining biodiv ersity,  transp ort 
and natural  system s, ”  sh e said.  “ W e 
assess soc ial  dim ensions suc h  as 
soc ial  v al ue,  h eal th  and wel l being,  
and inc l usion.  P h ysic al  f ac tors 
such as fl ooding risk, sunlight 
ac c ess,  energy sup p l y and l oc al  
c ontex t al so p l ay a rol e.  W e ap p l y 
these multi ple lenses at the site 
l ev el ,  th en p rogressiv el y outward,  
rec ognising th e interc onnec ted 
system s th at ex tend beyond 
im m ediate boundaries.

“ W e’ re c h anging th e way we 
understand p l ac e bef ore we 
start engaging in design.  W e c an 
see our spheres of infl uence, 
and leverage our positi on with 
more knowledge to get change 
h ap p ening.  P erh ap s we c an 
adapt to fl ooding rather than 
c ause it.  P erh ap s we c an p artner 
to integrate energy storage on 
a site to benefi t the broader 
c om m unity. ”

M il l er,  wh o h el p ed dev el op  

th e resil ienc e c ategory and 
c redits f or th e I nf rastruc ture 
Sustainability Council’s rati ng 
tool s in a p ast rol e,  and wh o 
was al so th e inaugural  C h air of  
th e Ex p ert R ef erenc e P anel  on 
C l im ate C h ange and R esil ienc e 
f or th e G reen B uil ding C ounc il  
of  Austral ia,  said som e 
engineering and constructi on 
businesses are al ready doing 
excellent work around this.

“ Landc om h as done great 
work in this space with regards 
to c ommu nity resil ienc e, ”  sh e 
said. “The team at Stockland also 
thinks about things diff erently in 
th eir p roj ec t del iv ery. ”

An ex am p l e sh e sh ared 
related to one of Stockland’s 
Q ueensl and sh op p ing c entres,  
where they’re not just thinking 
about env ironm ental  design,  but 
soc ial  outc om es too.

“ T h ey don’ t j ust h av e c h ange 
faciliti es for parents with babies 
–  th ey al so h av e adul t c h ange 

ABOVE:
C o ast al  e r o si o n  o n  
t h e  S u n sh i n e  C o ast  
prompte7 inno�ati �e 
e r o si o n  m an ag e m e n t  
st r at e g i e s.

>

ABOVE:
R e b e c c a M i l l e r ,  
S M E C .

P r o v i n g  t h at  e n g i n e e r s h av e  h ad 
r e si li e n c e  o n  t h e i r  r ada r  f o r  qu i t e  
some ti meķ in ƑƏƐƏ an e�pansion 
o= the �ay �oint ��port $erminalķ 
t h e  m e t allu r g i c al  c o al - l o adi n g  
terminal =or C �e �o�en �asin 
m i n e s i n  Q u e e n sl an d,  al so  i n c l u de d 
i m p r o v e m e n t s t o  b o o st  r e si l i e n c e  
aroun7 �eather e�ents.

$hese impro�ements 
inclu7e7 cycloneŊrate7 o@ shore 
st r u c t u r e s,  h i g h - v o l t ag e  
s�itchroomsķ cyclone moorin]sķ 
ele�ate7 substati onsķ an7 robust 
storm�ater mana]ement. 

�o7ular constructi on re7uce7 
�eatherŊrelate7 rishsķ �hile 
r e i n f o r c e d t r e st l e s an d c o n v e y o r s 
e n h an c e d du r abi l i t y  ag ai n st  st o r m  
sur]eķ Y oo7in]ķ an7 e�treme 
�eatherķ ensurin] sa=erķ more 
reliable operati ons.

�y protecti n] the lon]e�ity o= 
the terminalķ �hich ha7 operate7 
since ƐƖƕƐ an7 is no� capable o= 
e�porti n] ƔƔ million t o= coal per 
an n u m ,  c h an c e s o f  su p p l y  c h ai n  
7isrupti on �ere minimise7.

$he more resilient 7esi]n be]an 
�ith a re7eC nin] o= e�treme 
�eather e�entsķ ensurin] a 
realisti c baseline. )ithin a 7i]ital 
en�ironmentķ ne� 7esi]n criteria 
c o m bi n e d n u m e r i c al  an d p h y si c al  
mo7ellin] to test the sea�all an7 
o@ shore structures. �hysical �a�e 
mo7ellin] an7 a7�ance7 �in7 
tunnel testi n] a77e7 ri]our to
t h e  p r o c e ss.

C l ient:  B H P  M itsubish i Al l ianc e
B u il ding desi gn s erv ices :  Aurec on

CASE STUDY: 
Hay Point 
Export Terminal
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faciliti es and quiet spaces where 
elderly people can rest and 
reorientate themselves.”

Role of engineers
What does all of this mean for 
engineers? They need to be 
in design conversati ons at the 
earliest possible stage, Hung said. 

“Even engineers with very 
specifi c knowledge focusing on 
one parti cular part of the process 
can add great value to that front-
end process,” he said.

Davis said there are two good 
reasons engineers belong in 
those early planning discussions. 
The other is because, when 
a major event occurs, it is 
engineers who will be required to 
get things up and running again.

“There must be a priority on solution designs 
at the concept stage to incorporate key 
themes, such as lowest carbon footprint for 
the entire lifecycle of the proposed solution.”

“Because of that,” he said, 
“they have the greatest 
knowledge and tangible 
experience in coming up with 
soluti ons or acti ons to address 
all of the risks.”

Peart said engineers need 
to feel empowered by the 
knowledge that their advocacy 
and infl uence skills are just as 
important as their technical skills.

“Feel empowered to do more 
than just respond to the brief. 
Feel empowered to go further 
upstream. That technical depth 
and curiosity is specialU it can help 
convince people to do something 
diff erently to get beħ er outcomes. 
Someti mes, engineers don’t feel 
like they could or should do that, 
but they must.” □ 

Actions from 
governments

Across the nati onķ state an7 
=e7eral authoriti es are steppin] up 
their resilience plannin] processes 
an7 practi ces. �o�e�erķ current 
pro]ress is une�en an7 someti mes 
occurs in stops an7 starts.

ľ�n=rastructure Australia 
has embe77e7 resilience into 
its assessment =rame�orh =or 
in=rastructureķĿ sai7 A7am 	a�isķ 
A����Ľs $echnical 	irector 
"ustainability an7 !esilience. ľAt 
the state le�elķ some authoriti es 
are �ell ahea7. $ransport =or 
�")ķ =or e�ampleķ has been 
embe77in] climate resilience 
consi7erati ons into 7eli�ery =or 
o�er a 7eca7e.

ľ$he �") !econstructi on 
Authority is also proacti �e in 
this space. $heyĽre un7ertahin] 
resilience plannin] =or all re]ions 
across the state.

ľAcross these re]ional 
areasķ theyĽre 7e�elopin] an 
un7erstan7in] o= the resilience 
o= assets that support its 
communiti esķ an7 �hat 7isasters 
they are most �ulnerable to. 
$heyĽre en]a]in] �ith local 
councils an7 asset operators as 
part o= this plannin] processķ
an7 �ill use the in=ormati on 
collecte7 to help in=orm =uture 
a7aptati on plannin] an7 
in�estment 7ecisions.Ŀ

�o�e�erķ the same le�els o= 
commitment an7 maturity are not 
apparent across all states.


or en]ineersķ 	a�is sai7ķ this 
e�ol�in] lan7scape contains a 
call to acti on. $hey nee7 to be 
at the table at the earliest sta]e 
in in=rastructure 7eli�ery to help 
other stahehol7ers un7erstan7 
7esi]n threshol7sķ tolerances an7 
inter7epen7encies that coul7 
mahe or breah a systemķ an7 to 
help plan the ne�t ]enerati on o= 
resilient in=rastructure.

33
NUMBER OF EXTREME 
HEAT DAYS IN 2019

24

BY THE NUMBERS

TOTAL NUMBER OF EXTREME 
HEAT DAYS BETWEEN 1960 
AND 2018 

S ou rce:  A u st ra l ia n B u rea u  
of  M eteorol ogy
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A se�er inspection robot prototype 7e�elope7 by &$" in collaboration �ith "y7ney )ater.
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Maintenance 
matters

Prolonging the life of existing 
infrastructure is, arguably, 

even more vital than building 
the next big thing.

WORDS BY LACHLAN HAYCOCK
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h e  op ening of  
a new bridge or 
skysc rap er 
is al ways big news.  
A tunnel  boring 
m ac h ine breaking 

through is cause for celebrati on, 
and ev en sod- turning c erem onies 
get their �0 seconds on TV, plus 
coverage on social platf orms.

B ut sp are a th ough t f or th e 
unseen agent disc reetl y ensuring 
these high-profi le infrastructure 
assets have their ti me in the 
sun for years to come – namely, 
th e ac t of  m aintenanc e.  I t’ s 
a seem ingl y nev erending 
enterprise that is criti cal to the 
l ong- term  resil ienc e of  Austral ia’ s 
built environment, not to 
menti on core systems of water, 
energy and transp ort.

“Take maintenance in the fi eld 
of subsea engineering, where 
there’s no room for error,” said Dr 
Hema Wadhwa, Associate Data 
and Analyti cs lAsset Management 
and P erf orm anc e) at Aurec on.  
“ O nc e a p iec e of  eq uip m ent or 
asset is placed on the seabed, it’s 
down th ere f or good.  Y ou c an’ t 
al ways send som eone down to 
quickly fi x it or apply a new coat 
of paint. So, by design, engineers 
must have a lot more opti ons 
to f al l  bac k on wh en it c om es to 
maintaining the asset.”

As an example, Wadhwa 
desc ribed th e J ansz - I o gas 
fi elds off  the coast of Western 
Australia, where engineers have 
instal l ed v arious sensors to 
monitor if the asset is operati ng 
within the design parameters, 
and av oid c atastrop h ic  f ail ures.  
T h e sensors th em sel v es 
have backups, so the criti cal 
informati on is not lost if the 
sensors f ail .

“ T h ese are l earnings we c an 
take to other industries,” she 
said. “We ought to more oft en 
design systems  th e way we do in 
subsea engineering, where you 
don’t have any other opti on – and 
wh ere th e dec isions ma de are 
actually the most eă  cient way of 
doing things.”

For Charlie �ewkes, Managing 
Director – Water, Power { 
Energy at WSP Australia, the scale 
of  th e m aintenanc e c h al l enge
in a c ountry suc h  as Austral ia is 
suc h  th at m any engineers m ay 
struggle to arti culate the value
of  inv estm ent.

“ W e need to be abl e to tal k 
about water security, populati on 

growth  and al l  of  th ese th ings in a 
way th at enabl es th e p eop l e wh o 
make the decisions – the politi cians, 
typ ic al l y –  to real ise it’ s a worth ier 
inv estm ent to p ut m oney into 
upgrading a desalinati on plant as 
opposed to a new sports stadium, 
for example,” �ewkes said. “From a 
politi cal investment perspecti ve, 
m aintenanc e al ways c om es v ery 
l ow down in th e p riority l ist against 
som eth ing new th at m igh t be 
worth  h eadl ines and a f ew v otes.

“ T h at rep resents a c h al l enge 
f or engineers in ev ery 
infrastructure sector, including 
water. Maintenance is very unsexy 
stuff  in the public realm, which 
can make things diă  cult.”

ABOVE:
D r  H e m a W ad h wa,  
A u r e c o n .

ABOVE: R e m o t e  
m ai n t e n an c e  o f  r ai l  
i n f r ast r u c t u r e  i n  
D u b ai .
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“Identifying faults sooner can 
save millions of dollars. If you 
wait until a sewer collapses, 
it’s going to have a large impact 
on the environment, society and 
economics. The trouble is, 
it’s very hard to tell where the 
next burst is going to happen.”

Ad hoc to high-tech
T o address th e m aintenanc e 
challenge, innovati ve approaches 
are being implemented across 
Austral ia’ s sol ar and wind 
farms, and grid-scale baħ ery 
installati ons, changing up 
m aintenanc e req uirem ents and 
practi ces. �ewkes sees it as a two-
pronged topic.

“ O n th e one h and,  Austral ia 
has some very old and well-
establ ish ed inf rastruc ture, ”  h e 
said. “In the water industry, we 
have pipes, reservoirs and pump 
stati ons that are 100 or more 
years old in some areas. And, 
unfortunately, we oft en sti ll take 
a very traditi onal approach to 
m aintenanc e wh en addressing 
leaking pipes, cracks on the face of 
dams or rusti ng pump stati ons.”

This traditi onal approach is 
typifi ed by ad hoc inspecti ons, 
manual labour and repair done 
only when something is breaking 
or deteriorati ng.

O n th e oth er h and,  Austral ia 
al so h as new wind,  sol ar and 
baħ ery systems technology 
coming online, “developing 
som ewh ere between q uite 
quickly to incredibly quickly”.

“There’s quite an industry 
eme rging in th e ma intenanc e
of wind turbine blades. This 
involves repairing liħ le
div ots, ref ormi ng th e ageing 
blades – eff ecti vely sharpening 
them, if you want to use that 
analogy – to improve their 
aerodynamics. There’s all sorts of 
specialist products and services 
coming online.”

ABOVE: 
D av i d  P h i l p o t ,  
F M T .
RIGHT: F M T ’ s r ai l  
roboti cs soluti ons 
in acti on.

�on7ucti n] rail maintenance 
inspecti ons aroun7 hi]h �olta]eķ 
at hei]htsķ near mo�in] trains an7 
un7er carria]es puts people at 
si]niC cant rish. �n to7ayĽs �orl7ķ 
�e can minimise e�posure to such 
ha�ar7s by inte]rati n] roboti cs 
into the maintenance o= rail�aysķ 
rollin]stoch an7 associate7 
in=rastructure.

)e ha�e 7e�elope7 three 
automate7 roboti c soluti ons 
speciC cally =or railĹ A!��" 
ŐAutonomous !ail �n=rastructure 

�nspecti on "ystemőķ $!�" Ő$rain 
��aminati on "ystemő an7 !
	 
Ő!ail 
acility 	roneső.

A!��" mo�es alon] the trachs 
to measure thin]s such as trach 
]au]eķ rail an7 sleeper con7iti on.
�t operates autonomously an7 
allo�s us to i7enti =y the areas
o= a rail net�orh that retuire 
=urther a� enti on. �n 	ubaiķ �eĽ�e 
seen A!��" re7uce the total 
inspecti on ti me =or about ƐƏƏ 
hm o= trach =rom more than ƑƓƏƏ 
human hours to fust ƕƏƏ ŋ a ƕƏ 
per cent re7ucti on.

$!�" mo�es aroun7 trains to 
con7uct 7etaile7 inspecti ons. �t 
tahes !�� ima]es an7 �ery 7ense 
point clou7s �ith precision 7o�n 
to Ə.Ɛ mm. )e can then compile 
maintenance reports i7enti =yin] 
�hat nee7s to be repaire7.

!
	 is an autonomous 7roneŊ
7och system 7esi]ne7 =or criti cal 
in=rastructure assets an7 =acility 
inspecti ons. �t can access har7ŊtoŊ
reach areas �ithout placin] people 
in ha�ar7ous �orh en�ironments.

As Australian rail operati ons 
e�pan7 ŋ parti cularly in 7ense 
populati on centres ŋ there are 
maintenance operati ons an7 
7epots that �ere 7esi]ne7 to 
operate a certain number o= 
trains. ��er ti meķ the number o= 
trains an7 the number o= trips 
has increase7 si]niC cantlyķ but 
7epots ha�enĽt increase7 in si�e. 
$hat create7 a challen]eĹ ho� 7o 
you boost pro7ucti �ity �ithout 
e�pan7in] the =ootprintĵ �ein] 
able to automate maintenance 
acti �iti es means these trains can 
ha�e a =aster turnaroun7ķ helpin] 
a�oi7 tens o= millions o= 7ollars in 
e�pansion costs.

� thinh in=rastructure 
maintenance is lar]ely 
un7er�alue7 by society. )e ha�e 
]oo7 electricity suppliersķ �ater 
suppliersķ roa7s an7 rail. $heyŝre 
o[ en not thou]ht o= as e�citi n] 
topicsķ but theyŝre absolutely 
criti cal. $hereŝs a lot o= eL  ciencies 
to be ]aine7 in maintainin] them 
more eL  ciently. �ecause �ithout 
themķ society ]rin7s to a halt.

Automating rail jobs 
make them safer, cheaper 
and more productive

W ords  b y  D a v id P h il p ot,
C o- F ou nder a nd C h ief  T ech nol ogy  
�L  cer of F�$

ABOVE:
C harlie �e�hesķ 
)"�.
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O ne of  th e ol dest wind 
f arm s in th e c ountry,  at 
C anunda in S outh  Austral ia,  was 
c om m issioned in 2 0 0 5  and was 
expected to be operational for 
around 2 0  years,  J ewkes said.  I t 
h as now p assed th at m il estone 
owing to effective maintenance 
over its lifetime by owner Engie.

“Engie and Vestas, the turbine 
manufacturer, have recently 
reassessed the serviceability 
of Canunda, and have revised 
its dec om m issioning h oriz on 
to �0��. That’s an additional 
10 years of high-value energy 
generation. So, the original 
investment case is probably 
looking at least �0 per cent beħer, 
as it is still operating well within 
its serviceability parameters. It 
m akes m uc h  m ore sense to keep  
an asset operational for longer 

th rough  sm art m aintenanc e 
practices, than to put valuable 
c ap ital  into a rep l ac em ent. ”

Proactive, not reactive
Moving from high in the air 
to underground,  it’ s not onl y 
subsea inf rastruc ture and ageing 
wind f arm  bl ades th at are th e 
f oc us of  m aintenanc e- m inded 
engineers.  Austral ia’ s sewerage 
system s – not th e m ost p l easing 
environments at the best of 
times – also need aħention.

T h e c ountry boasts 1 1 0 , 0 0 0  
km  of  underground sewer 
inf rastruc ture,  wh ic h  c an be 
inspected either using CCTV or 
h um an op erators.  Not onl y do 
they function as something of an 
“unintentional torture chamber”, 
in th e words of  P rof essor S arath  
K odagoda,  Direc tor of  th e U T S  

Robotics Institute, but they can 
also prove highly dangerous.

“ T h e tunnel  m igh t be no m ore 
th an 1 . 5  m  in diam eter, ”  K odagoda 
said.  “ T h e interior is sm el l y,  h um id,  
noisy, confined and dark. There 
are m ec h anism s in p l ac e to reduc e 
nox ious gases and so on,  but it’ s 
still not an ideal environment in 
wh ic h  to work. ”

K odagoda’ s team  was tasked 
to work with  S ydney W ater to 
identify a solution to keep people 
out of these environments. The 
outc om e was an autonom ous 
robotic system which can be 
l owered th rough  an ac c ess h ol e in 
p l ac e of  a h um an.

“We’ve been working with 
S ydney W ater f or m any years
to develop systems where the 
robot device can be deployed 
f or water and wastewater 

ABOVE: S ar at h  
K o d ag o d a,  U T S  
!obotics �nstitute.
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risk, whether it be from flooding, 
cybersecurity or something else.

“Say you’re a government 
agency providing statewide 
services, and the state’s 
population is set to boom. You 
need to consider the shifting 
demographic centres, the risk 
of bushfires and floods, the 
amenity of services and how they 
are going to be provided. So it’s 
critical to do that infrastructure 
planning and remain cognisant 
of asset criticality and resilience 
– and also phase those assets in a 
time that is when they’re needed.”

Burke also described working 
for a client in remote Australia 
that provides residential housing 
for its staff, which proved “a 
brilliant exercise on a small scale 
to know that we could have
some real impact and benefit to a 
small community”.

“They wanted a good grasp 
on their asset base and how 
they might secure maintenance 
contracts to service their 
assets. �ur task was to build 
staff capability, and help them 
understand their assets, both at 
an asset and a component level, 
so they could develop longer-
term procurement contracts for 
essential trades.

“Rather than call a 
tradesperson to the site every 
time there was a failure, they 
could benefit from a more planned 
approach, and issue a maintenance 
contract for the program work – 
which would see cost eăciencies 
come back to them.”

The long game
Burke has seen a promising 
shift in asset management and 
maintenance management across 
government and private entities.

“There is a raft of legislation 
and guidance material around 
asset management, and how 
public and private entities do 
asset management,” she said. 
“When I started my asset 
management journey over �0 
years ago, New  ealand was 
leading the way. Australia quickly 

“Rather than call a refrigeration 
mechanic or a plumber to the site 
every time there was a failure, 
they  oul! �eneţt fro* a *ore 
planned program of maintenance, 
and issue a contract for the bulk 
of work – which would see cost 
eʜ ien ies  o*e �a k to the*TQ

infrastructure maintenance and 
regular inspections.

“�nce it enters the sewer, we 
activate what we call Yfloaters’ to 
give the robot beħer stability. It’s 
connected to three-dimensional 
visualisation magnetic-based 
sensors, and a ground-
penetrating radar-based system, 
which we mount on a robotic arm. 
The ground-penetrating radar 
with magnetic sensors is used 
to measure the thickness of the 
concrete left in a pipe, so it can tell 
whether it should be replaced
or renovated.

“We’ve deployed this in several 
locations around Sydney, including 
Toongabbie in the west and near 
the airport south of the CBD.”

The benefit of early detection 
of faults, for �odagoda, speaks to 
the principles of proactive rather 
than reactive maintenance.

“Identifying faults sooner can 
save millions of dollars,” he said. “If 
you wait until a sewer collapses, 
it’s going to have a large impact 
on the environment, society and 
economics. The trouble is, it’s 
very hard to tell where the next 
collapse is going to happen.”

Critical assets
Taking a more principled 
approach to engineering the
built environment is increasingly 
viable given the proliferation 
of digital analysis tools, said 
Sandra Burke MIEAust, RPE� 
Business Group Leader – Asset 
Management Australia at GHD. 
Her time in asset management 
has led to a realisation of 
systems-based thinking.

“Implementing good asset 
management practices is about 
looking at your asset criticality,” 
Burke told create. “It’s not just 
about evaluating your assets, but 
also identifying which are your 
critical assets, and what are the 
key points of failure and potential 

BELOW:
N e w r e n e wab l e  
t e c h n o l o g y  i s 
c o m i n g  o n l i n e  
e x t r e m e l y  f ast .

ABOVE: S an d r a 
B u r k e ,  G H D .
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c am e on board,  real ising th e 
benefi ts it would bring, and then 
we saw the Internati onal Standards 
�rganisati on coming up with an 
internati onal standard for asset 
management, which has been 
globally accepted. And, of course, 
there are now many organisati ons, 
such as the Asset Management 

Council and the Insti tute of Public 
Works Engineering Australasia, 
providing guidance to industry on 
this issue.

“I think the government as 
a whole has embraced asset 
management over ti me, such 
that we are now progressing 
through the maturity of asset 
management – which is great 
to see. Private industry has 
also quickly adopted mature 
m aintenanc e m anagem ent 
practi ces to increase reliability, 
asset integrity and reduce 
producti on downti me.”

Wadhwa believes more 
progress is needed, but a brighter 
future is visible.

“I don’t think, as a country, 
Australia is there yet in terms of 

eff ecti ve and resilience-minded 
maintenance of infrastructure,” 
she said. “If we were, we wouldn’t 
be talking about it now.

“I’m reminded of the transiti on 
that human industry made from 
steam  engines to th e el ec tric  
motor. For about �0-�0 years, 
manufacturers did the same 
thing they’d always done, but 
just swapped out steam engines 
for electric motors. We didn’t 
understand the true benefi ts 
of redesigning the process for 
some decades. I think we’re at the 
same stage now, where we are 
using digital asset strategies to 
help us reformulate maintenance 
plans. We’re getti  ng there, but 
we haven’t quite brought it all 
together yet.” □

Impressive 
longevity

�ere are C ve e�amples of 
infrastructure that have outlivedĶ 
or are e�pected to outliveĶ their 
predicted lifespan thanhs to 
good maintenance.

GOULBURN WEIR
L o c at e d  o n  t h e  G o u l b u r n  
R i v e r  ab o u t  e i g h t  k i l o m e t r e s 
n o r t h  o f  N ag am b i e  i n  c e n t r al  

V i c t o r i a,  t h e  G o u l b u r n  W e i r  i s A u st r al i a’ s 
ol7est mafor irri]ati on structure. 
C o n st r u c t e d  i n  1 8 8 7 - 9 1 ,  t h e  we i r  was 
r e f u r b i sh e d  i n  1 9 8 8  t o  st ab i l i se  an d  
partly reconstruct the structure.

3

STORY BRIDGE
A t  8 5  y e ar s,  B r i sb an e ’ s S t o r y  
B r i d g e  m u st  n o w u n d e r g o  
mafor restorati on. $he 

b r i d g e ’ s f o o t p at h s we r e  c l o se d  i n  e ar l y  
ƑƏƑƔ a[ er rust �as 7isco�ere7 on 
steel rein=orcements.

2

PARKES RADIO 
TELESCOPE
O r i g i n al l y  i n t e n d e d  t o  
o p e r at e  f o r  2 0  y e ar s,  t h e  

6 3 - y e ar - o l d  t e l e sc o p e ’ s l o n g e v i t y  i s a 
r e su l t  o f  c o n st an t  u p g r ad e s,  i n c l u d i n g  
a n e w u l t r a- wi d e b an d  r e c e i v e r  t h at  
c an  sc an  a h u g e  r an g e  o f  r ad i o  
f r e q u e n c i e s,  an d  C S IR O - d e v e l o p e d  
phase7 array =ee7s.

1

MOSMAN BAY 
SEWAGE AQUEDUCT
$his small but stur7y 
aq u e d u c t ,  o p e n e d  i n  1 9 0 1 ,  

h as su r v i v e d  f o r  m o r e  t h an  1 2 0  y e ar s 
f o l l o wi n g  m ai n t e n an c e  an d  u p g r ad e s i n  
ƐƖѵѶķ �hich in�ol�e7 the installati on 
o f  p i p e s an d  r e p l ac e m e n t  o f  wo o d e n  
Y ats �ith concrete pa�in].

  
SEMAPHORE 
WATER TOWER
$his masonry structure 
was c o n st r u c t e d  i n  

ƐѶѶƏ in A7elai7e. !ather than be 
d e m o l i sh e d ,  t h e r e  ar e  p l an s f o r  t h e  
site to be re7e�elope7 as a resi7enti al 
an d  c o m m e r c i al  sp ac e  t h at  r e t ai n s t h e  
ori]inal to�er structure.

5

4

“For about 30-40 years, 
manufacturers did the same 
thing they’d always done, but 
just swapped out steam engines 
for electric motors. We didn’t 
un!erstan! the true �eneţ ts 
of redesigning the process for 
some decades.”
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As climate change drives temperatures 
higher across Australia’s cities, engineers 
are reimagining how we design, cool and 
live in the built environment.

WORDS BY JOE ENNIS

u st r al i a' s bushfi res and fl oods have a powerful grip 
on our collecti ve imaginati ons, thanks in part to the 
seemingly inevitable fataliti es that accompany them. But 
the average number of deaths caused by these highly 
visible disasters each year is easily eclipsed by even the 
most conservati ve count of deaths from a much less 

visible foe – extreme heat. 
Extreme heat days are more than three ti mes as common in 

Australia today compared to before �000 and are expected to double 
in frequency again by �0�0. Though this is a problem for all Australians, 
the urban heat island eff ect means citi es are uniquely aff ected, 
because an abundance of concrete, steel and asphalt amplifi es already 
rising temperatures. So how can engineers design new approaches that 
go beyond adaptati on, to make our citi es resilient to the change that is 
already upon us?

Passive performance
The fi rst line of defence against heat begins before a structure is
built. For �essica Holz CPEng, Associate, Sustainability at Aurecon,
the key lies in applying passive design principles at a building and
precinct scale.

“�pti mised building orientati on, shading and facade design can 
signifi cantly reduce energy demand,” Holz told create. This includes 
strategic positi oning to manage solar gain, eă  cient insulati on and 
glazing, and the use of operable shading devices. These principles 
aren’t new, but modern modelling tools now enable site-specifi c 
designs that maximise thermal comfort with minimal energy input.

A

Heatwave-
proof city

Importantly, many passive 
features can also be retrofi ħ ed. 
“Shading – whether with awnings, 
eaves or modular structures – can 
be added to existi ng buildings,” 
Holz said. “They reduce solar load 
and improve comfort, and can be 
modelled to suit the building’s sun 
path and its urban context.”

Smarter systems
As mechanical cooling becomes 
more widespread, managing 
its environmental burden is a 
key priority. Holz advocates for 
mixed-mode systems that combine 
passive venti lati on with mechanical 
systems prioriti sing eă  ciency and 
indoor air quality.

“In residenti al and educati on 
setti  ngs, we oft en see split 
systems recirculati ng the same air,” 
she said. “You might feel cool, but 
a lack of fresh air means carbon 
dioxide and pathogen levels can 
be dangerously high. We shouldn’t 
sacrifi ce health for cooling.”

ABOVE:
J e ssi c a H o l z  C P E n g ,  
A u r e c o n .  H e ar  h e r  
sp e ak  at  C S E  2 5  
at  t h e  A d e l ai d e  
�on�enti on �entreķ 
2 7 - 2 8  A u g u st  2 0 2 5 .
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���H�����
 ���˙���
)hen it comes to airŊcon7iti onin]ķ ľ�eĽ�e become 
accustome7 to an absence o= sensati onĿķ �ess �ol� 
sai7. $his has le7 to an o�eresti mati on in
buil7in] ener]y simulati onsķ lea7in] to ineL  cient 
7esi]n outcomes.

�"�!� research sho�s that many buil7in]s 
coul7 maintain com=ortable in7oor con7iti ons 
�ith li� le or no mechanical coolin]ķ 7epen7in] on 
7esi]n choices. "imulati n] ƑƏƏƏ buil7in]s across 
Ѷƒ Australian climatesķ the stu7y =oun7 that some 
7esi]n parameters consistently impro�e7 both 
com=ort an7 ener]y per=ormance. �o�e�erķ others 
o@ ere7 tra7eŊo@ s ŋ be� er com=ort but hi]her 
ener]y useķ or �iceŊ�ersa. $he hey tahea�ayĹ the 
most ener]yŊeL  cient buil7in]s are those �here 
occupants =eel com=ortable �ithout air con7iti onin]ķ 
su]]esti n] =uture co7es shoul7 �ei]h com=ort an7 
ener]y use etually.

Engineering solutions 
#o/ a %o  ͵e/ #2t2/e

AustraliaĽs climate is �armin] at pace. "ince ƐƖƐƏķ the nati onal a�era]e 
temperature has increase7 by more than Ɛ.ƔŦ�ķ �ith �"�!� an7 the 
�ureau o= �eteorolo]y conC rmin] this tren7 is accelerati n] rather 
than stabilisin]. �eat�a�es are no� more =retuentķ be]in earlier an7 
persist lon]er. &rban en�ironments are parti cularly e�pose7 7ue to 
the urban heat islan7 Ő&��ő e@ ect �here 7enseŊbuilt =ormķ lo�Ŋalbe7o 
sur=aces an7 minimal �e]etati on can ele�ate city temperatures by up 
to ƓŦ� abo�e rural surroun7in]s.

$his isnĽt fust about com=ortĹ in hot climatesķ accor7in] to �a�  
"antamourisĽ mo7elsķ ľa ƐŦ� 7ecrease in ambient temperature can 
lea7 to a ƓŊѵ per cent re7ucti on in heatŊrelate7 mortalityĿ. �le�ate7 
temperatures contribute to increase7 mortalityķ e�acerbate mental 
health rishs an7 si]niC cantly impair economic pro7ucti �ityķ �ith �orher 
output 7roppin] by as much as ƕƏ per cent un7er e�treme con7iti ons.

�n responseķ en]ineers are 7eployin] tar]ete7ķ e�i7enceŊbase7 
inter�enti ons. $hey are not only miti ]ati n] urban heat; theyĽre 7ri�in] 
resilienceķ re7ucin] emissions an7 enhancin] human �ellbein] across 
AustraliaĽs chan]in] urban lan7scape.

WETLANDS
&rban �ater�ays an7 �etlan7s =uncti on as e@ ecti �e heat 
sinhs by lo�erin] surroun7in] air temperatures throu]h 
e�apotranspirati on. &nlihe concrete or asphaltķ �hich absorb an7 
ra7iate heatķ �etlan7s cool the en�ironment �hile also impro�in] 
bio7i�ersity an7 storm�ater mana]ement.

�essica �ol� a7�ocates =or their inte]rati on into precinctŊscale 
7esi]nķ noti n] that ľa �ellŊplace7 �etlan7 or creehline can create 
its o�n cool microclimateĿ. "he emphasises the �alue o= restorin] 
or constructi n] �etlan7s in urban areasķ not fust =or coolin]ķ but 
=or creati n] ľsteppin] stones =or species an7 7eli�erin] natureŊ
positi �e outcomes.Ŀ )hen combine7 �ith sha7in] an7 permeable 
sur=acesķ urban �etlan7s o@ er a po�er=ulķ multi =uncti onal 
response to e�treme heat.

�H��� �H��
� ���������
�hase chan]e materials Ő���ső are use7 on roo=s to enhance 
thermal com=ort by passi�ely re]ulati n] in7oor temperatures. 
$hey absorb e�cess heat �hen ambient temperatures riseķ melt 
7urin] the 7ay an7 release that store7 heat �hen temperatures 
7rop ŋ typically at ni]ht ŋ by soli7i=yin].

$his thermal bu@ erin] re7uces reliance on mechanical 
heati n] an7 coolin]ķ parti cularly 7urin] peah 7eman7 perio7s. 
�y Y a� enin] in7oor temperature Y uctuati onsķ ���s create 
a more stable an7 com=ortable internal en�ironment =or 
occupants. $heyĽre especially use=ul in li]ht�ei]ht constructi ons 
or buil7in]s e�pose7 to �ariable climatesķ �here they can also 
be inte]rate7 into �allsķ ceilin]s or Y oor systems. ���s support 
ener]y eL  ciency �hile impro�in] com=ortķ but ha�e �ery li� le 
impact in miti ]ati n] the &�� e@ ect.
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BUILDING MANAGEMENT SYSTEMS
B u i l d i n g  m an ag e m e n t  sy st e m s t e c h n o l o g i e s c an  h e l p  l o we r  h e at  
emissions an7 ener]y consumpti on across precincts by opti misin] 
�enti lati on an7 re7ucin] unnecessary mechanical coolin]. ľ+ou can 
trach an7 respon7 to actual usa]eķ rather than o�erŊcoolin] enti re 
buil7in]sķĿ �ol� sai7. $his allo�s =acility mana]ers to shut 7o�n 
c o o l i n g  i n  u n o c c u p i e d  ar e as an d  ad j u st  t e m p e r at u r e  se t p o i n t s 
7urin] peah 7eman7ķ re7ucin] �ente7 heat. 

PHOTOVOLTAIC GLASS
A u st r al i an  c o m p an y  C l e ar V u e  i s d e v e l o p i n g  a t r an sp ar e n t  P V  g l ass 
that mahes eL  cient use o= the li]ht comin] throu]h the �in7o�. �t 
]enerates solar po�er by re7irecti n] &( an7 in=rare7 li]ht to e7]eŊ
mounte7 �( cells. $his re7uces solar heat ]ain �hile allo�in] �isible 
li]ht throu]h =or natural 7ayli]hti n] an7 clarity.

$he mo7el o= a ƒѵķѶƏƏաmѹķ ƓƏŊstorey �lear(ue ���(Ŋetuippe7 
oL  ce buil7in] �as assesse7 across ƐƔ ]lobal citi es. At ƓƏ per cent 
�in7o�ŊtoŊ�all rati o Ő))!őķ �( systems met more than ѶƔ per cent 
o= annual ener]y nee7s in all citi esķ achie�in] net �ero or be� er in ƐƐ 
locati ons. �reenhouse ]as re7ucti ons peahe7 at ŜƐķѵƏƏաt ��ƙeņyear 
ŐƓƒաh]ņmѹő in hi]hŊemissionķ hi]hŊsolar areas. �( output ran]e7 =rom 
ƔƐŊƐƓѶ per cent o= buil7in] 7eman7ķ 7epen7in] on ))! an7 city.
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WASTE HEAT CAPTURE
�mmersion coolin] in 7ata centres o@ ers a po�er=ul opportunity to 
repurpose �aste heat. �y submer]in] ser�ers in nonŊcon7ucti �e litui7ķ 
heat is absorbe7 an7 trans=erre7 into a �arm �ater loop. $his thermal 
ener]y can then be pipe7 to nearby =aciliti es ŋ such as s�immin] poolsķ 
saunasķ en7Ŋo=Ŋtrip ameniti es an7 resi7enti al hot �ater systems ŋ creati n] 
a close7Ŋloopķ �eroŊemissions heati n] source. )ith the a77iti on o= heat 
pumps an7 thermal bu@ ersķ this mo7el can scale to precinctŊ�i7e or e�en 
7istrictŊ�i7e ener]y systems. �n e@ ectķ hi]hŊ7eman7 7ata centres become 
7istribute7 ]enerators o= lo�Ŋcost thermal ener]y =or enti re communiti es.

GREEN ROOFS
�y co�erin] buil7in]s �ith �e]etati onķ they absorb less heat than �ith 
con�enti onal rooC n]ķ lo�er in7oor temperatures an7 re7uce coolin] 
7eman7. �essica �ol� emphasises their ecolo]ical �alueķ noti n] that 
ľnati �e ]rasses on ]reen roo=s can also support local insect an7 bir7 
populati onsĿ. )hen 7esi]ne7 �ith bio7i�ersity in min7ķ ]reen roo=s 
o@ er both thermal an7 en�ironmental beneC ts.
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COOL PAVEMENTS
�n A7elai7eķ a trial o= reY ecti �e roa7 coati n] applie7 more 
than ƐƓķƏƏƏաmѹ across t�o suburbs an7 ha7 si]niC cant 
results. "ur=ace temperatures �ere re7uce7 by up to 
ƐƐ.ƔŦ�ķ an7 ambient air temperatures 7roppe7 by Ɛ.ƐŦ� at 
ni]ht. $he coati n] ha7 a solar reY ectance o= ƒѵ per centķ 
compare7 to ѵ per cent =or stan7ar7 asphalt. 

$hese re7ucti ons impro�e pe7estrian com=ortķ re7uce 
localise7 heat stress an7 lessen thermal loa7 on nearby 
buil7in]s. )hen 7eploye7 at scaleķ cool pa�ements can 
support broa7er coolin] strate]iesķ parti cularly �hen paire7 
�ith supercool materials or �e]etati on. As the A7elai7e trial 
note7ķ care=ul site selecti on an7 on]oin] monitorin] are 
hey to lon]Ŋterm e@ ecti �enessķ especially in balancin] ]lareķ 
7urability an7 community =ee7bach.

MODULAR DEPLOYABLE SHADES
$hese structures o@ er scalableķ =astŊtoŊinstall soluti ons =or coolin] public spaces 7urin] 
e�treme heat e�ents. �ro=essor �a�  "antamouris hi]hli]hts their use in �eccaķ �here 
temporary =abric canopies 7ramati cally re7uce7 sur=ace temperatures an7 protecte7 
pil]rims 7urin] hi]hŊrish perio7s. )hen combine7 �ith supercool materials that reY ect 
up to ƖƔ per cent o= solar ra7iati onķ these structures can ampli=y coolin] e@ ectsķ lo�erin] 
local temperatures by se�eral 7e]rees. $hese systems coul7 be rapi7ly 7eploye7 in schoolsķ 
transport hubs or �ulnerable communiti es 7urin] heat�a�es.

WINDCATCHERS
A =un7amental coolin] technolo]y in parts o= northern 
A=rica an7 the �i77le �ast =or millenniaķ �in7catcher 
to�ers are C n7in] =a�our in more an7 more buil7in]s 
across the �orl7. $he to�ers use pre�ailin] �in7s an7 
the stach e@ ect to naturally circulate air insi7e buil7in]sķ 
someti mes harnessin] e�aporati on =or =urther coolin] 
e@ ect. �ompanies lihe the &�ŝs �ono7rau]ht are 
up7ati n] the technolo]y such as heat e�chan]ers an7 
controllable lou�res to ma�imise eL  ciency re]ar7less o= 
�in7 7irecti on.

CANOPY PROTECTION
�ature plays a criti cal role in miti ]ati n] the &�� e@ ect 
by coolin] ambient temperatures throu]h sha7e an7 
e�apotranspirati on. (e]etati onķ parti cularly mature treesķ 
blochs solar ra7iati onķ �hile �ater release7 =rom lea�es an7 
soil re7uces surroun7in] heat. 

�ol� note7 that ľintact ecosystems can lo�er local 
temperaturesĿķ especially �hen inte]rate7 at a precinct 
scale. �reen corri7ors can create cooler microclimates. 
&nlihe har7 sur=aces that trap heatķ natural lan7scapes 
absorb less solar ener]y an7 release more moisture. 
�ncorporati n] nature into urban 7esi]n not only re7uces 
heatķ but also supports bio7i�ersity an7 human �ellbein].
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B uil ding m anagem ent system s 
(B M S ) are ev ol v ing to m eet 
th is c h al l enge.  M odern B M S  
tools give facilities managers 
real-time visibility over system 
p erf orm anc e and energy use.  “ Y ou 
c an trac k tem p erature trends,  
identify ineăciencies and isolate 
unoc c up ied z ones f or c ool ing 
sh utdown, ”  H ol z  said.
“That’s essential in large buildings 
where different spaces have 
different needs.”

Cooling materials in a 
warming world
New adv anc es in m aterial s 
science are offering scalable 
solutions to extreme urban heat. 
Professor Maħhaios Santamouris, 
P rof essor of  H igh  P erf orm anc e 
Arc h itec ture at U NS W ,  h as 
dev el op ed a series of  c ool  and 
supercool materials capable of 
significantly lowering surface and 
ambient temperatures in cities.

Traditional cool roofs reflect 
sunl igh t,  reduc ing surf ac e 
tem p eratures and energy 
demand. “With conventional 
cool materials, we’ve seen urban 
cooling of up to ��C, and building 
energy sav ings of  3 0 - 4 0  p er 
c ent, ”  S antam ouris said.

But his team’s next-generation 
“ sup erc ool ”  m aterial s p rom ise 
to go further, reflecting up to 
9� per cent of solar radiation 
while emitting heat through the 
atm osp h eric  window (a p art of  
th e sp ec trum  th at al l ows h eat to 
esc ap e direc tl y to sp ac e).  T h ese 
materials can be up to 10�C 
cooler than ambient temperature 
under direc t sunl igh t.

Crucially, these benefits 
no longer require aesthetic 
c om p rom ise.  “ W e’ v e dev el op ed 
c ol oured sup erc ool  m aterial s 
using fluorescent pigments 
that maintain reflectivity while 
av oiding gl are, ”  S antam ouris said.  
“That means they can be used on 
vertical facades, not just roofs.”

In Riyadh, Saudi Arabia, the 
rec ent dep l oym ent of  th ese 
materials led to a �.��C reduction 
in ambient temperature and 
cut building cooling demand by 
�� per cent. The potential for 
Australian cities is significant.

Natural mechanisms
�rban design that incorporates 
biodiversity can also act as a 
thermal regulator. “Nature-positive 
design p rov ides sh ade,  rel eases 
water v ap our and enh anc es l oc al  
ec osystem s, ”  H ol z  said.

Intact vegetation and 
water bodies can reduce 
urban temperatures through 
evapotranspiration. Converting 
storm water drains into wetl ands,  

“We need to stop thinking 
of heat mitigation as optional. 
The cost of doing nothing will 
be many times higher in health, 
energy and lost productivity.”

for example, brings measurable 
thermal benefits alongside 
ec ol ogic al  ones.

“Nature is opportunistic,” Holz 
said.  “ G iv e it sp ac e and it wil l  
return – bringing shade, cooling 
and resil ienc e. ”

Ev en sm al l  c h anges c an m ake 
a difference. “Native grasses on 
green roof s c an sup p ort insec ts 
and birds. They’re undervalued, 
but vital. Every plant becomes 
a potential stepping stone for 
sp ec ies disp ersal . ”

Health challenge
The stakes go far beyond 
c om f ort.  S antam ouris c ites rising 
m ortal ity,  inc reased h osp ital  
adm issions f or m ental  h eal th  
and drops in worker productivity 
as serious side-effects of urban 
heat. “Above �¥�C, suicide rates 
increase significantly,” he said.  
“Productivity can fall by more 
than 60 per cent at extreme 
tem p eratures. ”

In communities with limited 
access to air conditioning – such 
as First Nations communities in 
th e North ern T erritory –  indoor 
tem p eratures c an reac h  4 5 ° C .  
Trials of cool roofing materials 
in these contexts have shown 
reductions of 10-1��C indoors, 
offering immediate health and 
safety benefits. “We need to 
stop thinking of heat mitigation 
as optional,” Santamouris said. 
“ T h e c ost of  doing noth ing wil l  
be many times higher in health, 
energy and lost productivity.”

Systems-level opportunity
A trul y h eatwav e- p roof  c ity
won’t rely on any single solution.
It will combine nature-based 
design,  adv anc ed m aterial s,
beħer buildings and smart 
systems, guided by local 
knowledge and powered by 
engineering expertise.

“ T h e op p ortunity is enorm ous, ”  
Holz said. “We can embed 
resil ienc e,  im p rov e h eal th  and 
lower emissions – all by designing 
smarter cities.” □

ABOVE:
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A changing climate, retiring coal plants 
and rising renewables are forcing a major 

redesign of the electricity grid. At every level, 
engineers are leading the transition to a 

more resilient system.

WORDS BY GEMMA CHILTON
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Keystone Keymass® offers a range of design and build options. 
Simple to install and factory made for outstanding quality 
and efficiency at an affordable price.
Available only at Austral Masonry.

FO
LD

SP
IN

E

51_58_EAAUG25_ideas_HEATPROOF GATEFOLD_V2.indd   58 23/7/2025   12:25 PM



5958   

IDEAS

ABOVE: 
N e i l  G r e e t  F IE A u st  
C P E n g  E n g E x e c ,  
E n g i n e e r s A u st r al i a;
M e r r y n  Y o r k ,  A E M O .

J o i n  N e i l  G r e e t  
at  C S E  2 5  at  t h e  
A7elai7e �on�ention 
C e n t r e ,  2 7 - 2 8  
A u g u st  2 0 2 5 .

>

it destabil ises th e ov eral l  system . "
W h il e warnings of  an “ energy 

death  sp iral ”  –  wh ere weal th ier 
h ouseh ol ds inv est in sol ar and 
baħeries, leaving others to 
sh oul der rising grid c osts –  h el p ed 
spark reform, today’s picture is 
m ore nuanc ed.  M ore th an f our 
million households have rooftop 
solar, and many earn income by 
exporting to the grid.

Yet even this model is shifting: 
new p ric ing struc tures wil l  al l ow 
networks to c h arge f or ex p orts 
during p eriods of  network 
congestion. These reforms reflect 
a broader trend toward two- way 
energy flow – and the growing 
value of a reliable grid connection.

Still, as electricity use is 
f orec ast to doubl e by 2 0 5 0  with  
the electrification of transport, 
industry and homes, the 
challenge remains: how to ensure 
all Australians can participate in 
and benefit from the transition.

Grid of the future
M erryn Y ork is an el ec tric al  
engineer and Executive 
G eneral  M anager of  S ystem  
Design at th e Austral ian Energy 
Market �perator lAEM�m, the 
indep endent body resp onsibl e f or 
operating Australia’s electricity 
and gas markets, and ensuring the 
rel iabl e del iv ery of  energy.  H er 
j ob is to m ake sure th e f uture grid 
can deliver secure, reliable and 
l east- c ost el ec tric ity –  ev en as 
coal retires, renewables rise and 
th e c l im ate bec om es l ess stabl e.

“There's increasing tension between 
the energy market’s economic drivers 
and the technical requirements of a 
resilient, secure grid.”

A u st r al i a’ s p ower grid is being p ul l ed in ev ery 
direction. Coal is retiring, renewables are flooding 
in and c l im ate ex trem es are straining inf rastruc ture.  
What was once a predictable, one-way supply chain 
is now a f ast- ev ol v ing system  with  risks c om ing 
f rom  both  nature and c ybersp ac e.

Engineers are sc ram bl ing to keep  p ac e –  
integrating rooftop solar and baħeries, reinforcing 
old lines, designing a grid that can bend without 
breaking. The goal isn’t just to keep the lights onU it’s 
to build a system that can adapt, recover and evolve. 
A resil ient grid by design.

For Neil Greet FIEAust CPEng EngExec – civil 
engineer, retired army colonel and energy resilience 
expert – resilience isn’t just about physical 
infrastructure. It’s about mindset.

“Energy security requires national security-style 
planning, which is always in motion, addressing 
change,” he told create.

Greet, a Board Member of the Engineers Australia 
College of Leadership and Management, sees the 
system being squeezed from all sides, including by 
short-term political thinking, a constrained workforce, 
f ragm ented m arkets and a l ac k of  a c oordinated 
national risk assessment. And as the grid grows more 
digitised, its exposure to cyber threats increases.

Greet isn’t convinced we’re moving fast enough 
to address th ese f ac tors.

“The electricity grid will be exposed to them and 
will not have reached full potential by �0�0,” he
said. “It may in fact suffer from cyber-aħacks
f rom  adv ersaries. ”

Greet’s concern is not just technical but 
systemic. He warns that, without careful planning, 
the energy transition could deepen inequities and 
erode resil ienc e.

zAs with all failures of resilience, itys the 
vulnerable that suffer first, then, eventually, 

A
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N at h an  T i n g ,  C e l l  
E n g i n e e r i n g .

“ O ne of  th e biggest c h al l enges 
is shift ing from the system 
we have today – built around 
baseload and peaking generati on 
– to one built on renewables and 
fi rming,” she said. Firming refers 
to technologies and strategies 
such as baħ eries, pumped 
hydro and fl exible gas, which 
can rapidly supply power when 
renewable output drops.

AEM�’s latest Integrated 
System Plan, published in �une 
�0��, includes a coordinated 
roadmap for transforming 
generati on, storage, transmission 
and system operati ons in the 
nati onal electricity market. It 
sets out the best available view 
of what Australia’s electricity 
system could realisti cally look 
like by �0�0 – a grid that is low-
emissions, aff ordable and able to 
maintain reliability as energy use 
paħ erns shift  and coal reti res.

“A resilient system needs a mix 
of renewables, storage, fl exible 
gas and robust transmission, so 
energy gets where it’s needed, 
when it’s needed,” York said.

A criti cal part of this mix is 
infrastructure that can deliver 
multi ple services – which 
York refers to as a “no regret” 
plant. Gas generators fi ħ ed 
with clutches, for instance, can 
operate in synchronous mode 
without burning fuel, helping to 
maintain frequency and voltage 
stability as coal units are reti red. 
By retaining the stabilising 
benefi ts of traditi onal generati on 
while reducing emissions, they 
off er a practi cal bridge to a more 
renewable, decentralised system.

Separate entities
For Nathan Ting, Principal 
Engineer at Cell Engineering and 
Chair of the Engineers Australia 
Electrical College Board, the 

resilience challenge goes beyond 
system design. Itys about enabling 
engineers to act.

“Thereys increasing tension 
between the energy market’s 
economic drivers and the 
technical requirements of a 
resilient, secure grid,” he said.

Neil Greet put it another way: 
“The power system and the 
marketplace remain two separate 
enti ti es. �ne part is a Ymechanical’ 
system maintained and improved 
by a workforce. The other is 
a virtual aucti on room where 
electricity retailers buy power. 
This lack of integrati on means it is 
diă  cult to make change.”

“Microgrids support decarbonisation 
while building resilience, ensuring 
that the transition to clean energy 
includes those most impacted by 
climate change and energy poverty.”

Ting also highlighted 
regulatory barriers and a lack of 
technical input in policymaking as 
key risks, noti ng that engineering 
insight is too oft en absent from 
rule-setti  ng, which slows the 
implementati on of practi cal, 
technically sound soluti ons.

“ W e need to enabl e 
engineering-led decision-making 
that allows for innovati on 
without compromising safety or 
reliability,” he said.

As the grid shift s from 
synchronous to inverter-based 
generati on, engineers face the 
challenge of rethinking protecti on 
schemes, maintaining system 
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strength  and ensuring f req uenc y 
stabil ity in a system  with  f ar l ess 
inherent inerti a – the stabilising 
eff ect of spinning generators. 
These developments demand 
not just more sophisti cated 
modelling, but a reimagining of 
how power systems are designed 
and controlled.

The engineering workforce 
must also grow to meet the 
demands of a grid in transiti on. 
“Local uptake of engineering as 
a career remains a concern,” Ting 
said, noti ng the need to train not 
just engineers, but also the trades 
and technicians who will build 
and maintain the infrastructure. >

Microgrids:
Resilience and equity 
at the edge

M an y  r e m o t e  In d i g e n o u s 
communiti es rely on a]ein] sin]leŊ
c i r c u i t  f e e d e r s t h at  st r e t c h  u p  t o  1 0 0  
hm throu]h bushC reŊprone terrain. 
$hese lon] lines are e�pensi�e to 
maintainķ =retuently 7isrupte7 by 
e�treme �eather e�ents such as 
stormsķ an7 slo� to repairķ o[ en 
lea�in] communiti es �ithout po�er 
=or 7ays.

�icro]ri7s o@ er a resilient 
alternati �e. �y ]enerati n] an7 
storin] ener]y locally ŋ typically 
throu]h solar photo�oltaicsķ ba� eries 
an7 smallŊscale 7iesel bachup ŋ they 
re7uce 7epen7ence on �ulnerable 
in=rastructure �hile impro�in] 
reliabilityķ sa=ety an7 a@ or7ability.

“ M i c r o g r i d s c an  o p e r at e  
in7epen7ently =rom the main ]ri7 
d u r i n g  o u t ag e s c au se d  b y  st o r m s,  
bushC res or etuipment =ailuresķĿ
sai d  D r  U m m e  M u m t ah i n a,  an  
en]ineer an7 rene�able ener]y 
researcher at � &ni�ersity. ľ$his 
e n h an c e s e n e r g y  se c u r i t y  an d  
supports community resilience in the 
=ace o= =retuent 7isrupti ons.Ŀ

�umtahina is lea7in] a 
 ueenslan7Ŋbase7 profect to 
impro�e ener]y outcomes in a 
remote �n7i]enous community. 
It  c o m b i n e s d i st r i b u t e d  e n e r g y  
resourcesķ 7eman7Ŋsi7e 
mana]ementķ an7 a7�ance7 control 
systems ŋ coŊ7esi]ne7 �ith the 
community to ensure the soluti ons 
are both technically soun7 an7 
culturally appropriate.

�ut buil7in] micro]ri7s isnŝt 
strai]h� or�ar7. �n]ineers must 
coor7inate 7i�erse components in 
real ti meķ mana]e system stability 
�ithout tra7iti onal inerti a an7 plan 
=or =uture ]ro�th.

�nteroperabilityķ cybersecurity 
an7 respec� ul access to local ener]y 
7ata also retuire care=ul a� enti on.

“ M i c r o g r i d s su p p o r t  
7ecarbonisati on �hile buil7in] 
resilienceķ ensurin] that the 
transiti on to clean ener]y inclu7es 
those most impacte7 by climate 
chan]e an7 ener]y po�ertyķĿ 
�umtahina sai7.

�n remote Australiaķ micro]ri7s 
are more than bachup. $heyĽre a 
path�ay to ener]y etuityķ community 
empo�erment an7 climate fusti ce.

“Engineers will play a huge 
role in the transiti on of the 
power system,” York added. 
“Much of our focus at AEM� 
relates to power system analysis 
and operati on, and these skills 
are in high demand. nThis 
inc l udes]  assessing th e tec h nic al  
capability of new generati on to 
connect to the power system, 
developing power transfer 
capability equati ons that can be 
used in the dispatch engine that 
runs every fi ve minutes to keep 
the power system in balance, and 
many other acti viti es.”

Beyond operati onal roles, she 
said, engineers are also essenti al 

ABOVE: D r  U m m e  
M u m t ah i n a,  C Q  
&ni�ersity.

BY THE NUMBERS

$9 billion$9 billion
���������� �� ���
�˙
SCALE RENEWABLE ENERGY 
PROJECTS IN AUSTRALIA

$9 billion

500%500%
INCREASE ON 2023

Source: Clean Energy Council
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in constructi on, environmental 
assessment and infrastructure 
delivery – all criti cal to building a 
system that is secure, reliable and 
ready for the future.

Regulatory shift
The call for improved alignment 
between technical need and 
regulatory support is already 
gaining tracti on. In early �0��, 
the Australian Energy Market 
Commission introduced a 
draft  rule to formally recognise 
distributi on network resilience in 
the Nati onal Electricity Rules. 

“This framework would 
support DNSPs nDistributi on 
Network Service Providerso in 
eă  ciently planning and investi ng 
in network resilience, while 
providing clearer guidelines to 
support consumers impacted 
by power outages caused by 
extreme weather,” AEMC Chair 
Anna Collyer said in a statement.

The draft  rule complements 
the Australian Energy Regulator’s 
recent development of a Value 
of Network Resilience, providing 
a method for assessing the 
consumer benefi t of investi ng in 
resilience measures. Together, 
these changes represent a 
structural shift  in how resilience 
is considered – not just in 
emergencies, but in everyday 
decision-making.

Virtual power plants (VPP)
As the grid grows more complex, 
engineers are designing for 
uncertainty. Grid-forming 
inverters – which help stabilise 
voltage and frequency such as 
traditi onal generators – are being 
deployed to support system 
strength. Microgrids are being 
trialled to keep essenti al services 
running during outages. 

�ne example is Project 
Symphony, a collaborati ve 
pilot in Western Australia that 
involved AEM�, Western Power 
and Synergy. It tested how 
thousands of customer-owned 
devices – rooft op solar, baħ eries 
and smart appliances – could be 
orchestrated as a virtual power 
plant lVPPm. It showed that VPPs 
substanti ally reduce power 
system costs and help alleviate 

local network constraints 
improving reliability, security and 
real-ti me visibility of distributed 
energy resources. New standards 
are also emerging to ensure 
these assets respond dynamically 
to changing grid conditi ons.

�perati onal practi ces are 
changing too. Engineers at 
AEM� are updati ng forecasti ng 
models and scenario planning 
tools to beħ er anti cipate 

ABOVE: P r o j e c t  
S y m p h o n y  t e st e d
ho� roo[ op solar 
can become a
hin7 o= �irtual 
po�er plant.

BY THE NUMBERS

32% 
of Australian 
households have 
rooftop solar, 
REPRESENTING 12.4% OF AUSTRALIA'S 
����� ����������� ������ ̳:8:<̶

Source: Open Electricity Data
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Driving the grid: 
How EVs could power homes

At �ssenti al �ner]yĽs �nno�ati on
�ab in �ort �actuarieķ a �"�!�Ŋ
le7 trial is e�plorin] ho� electric 
�ehicles Ő�(ső can become part o= 
AustraliaĽs =uture ener]y systemķ 
not fust as transportķ but as mobile 
ener]y assets.

$he profect is testi n] �ehicleŊ
toŊ]ri7 Ő(Ƒ�ő technolo]y usin] �(s 
connecte7 to a simulate7 househol7 
C � e7 �ith roo[ op solarķ ba� ery 
stora]e an7 common appliances. 
�i7irecti onal char]ers allo� the 
�ehicles to store e�cess solar ener]y 
7urin] the 7ay an7 7ischar]e
it into the home or ]ri7 7urin] peah 
7eman7ķ helpin] mana]e
loa7 an7 re7uce reliance on 
centralise7 in=rastructure.

$he lab inclu7es appliances 
such as air con7iti onersķ hot 
�ater systems an7 pool pumpsķ 
all controlle7 to reY ect 7i@ erent 
usa]e pa� erns. $his enables testi n] 
un7er �arious realŊ�orl7 scenariosķ 
inclu7in] solar soah Őusin] ener]y 

7urin] peah solar hoursőķ sel=Ŋ
consumpti on an7 e�port to
]ri7. $he aim is to tailor (Ƒ� 
inte]rati on to AustraliaĽs re]ulatory 
stan7ar7sķ househol7 beha�iours 
an7 ]ri7 characteristi cs.

ľAn �( can ha�e more than 
C �e ti mes the ba� ery stora]e o= a 
stati onary stora]e systemķ an7 (Ƒ� 
technolo]y �ill allo� us to le�era]e 
that an7 use it in the homeķĿ 	r "am 
�ehrensķ �"�!�ŝs technical lea7 
=or the collaborati onķ sai7. ľ�t can 
also be use7 to support the ]ri7ķ 
enhancin] reliability an7 resilience 
by Y a� enin] peah loa7s.Ŀ

$he trial also hi]hli]hts e�isti n] 
challen]es. �( o�ners in Australia 
may =ace re]ulatory hur7les �hen 
connecti n] (Ƒ� systemsķ �ith 
e�ol�in] stan7ar7s not yet 7esi]ne7 
=or t�oŊ�ay ener]y Y o�s.

"ti llķ the potenti al is clearĹ 
�(s coul7 soon po�er not fust 
our fourneysķ but our homes an7 
communiti es too.

l argest transm ission p roj ec t –  was 
initi ated in response to the �016 
“black system event” in South 
Australia, when a severe storm 
caused a statewide blackout.
The loss of multi ple transmission 
lines and the resulti ng drop in 
system strength exposed the 
fragility of SA’s connecti on to the 
rest of the grid. 

In the wake of this event, 
EnergyConnect was fast-tracked 
as a soluti on to provide a stronger, 
more fl exible link between SA 
and the eastern states, enabling 
renewable energy to fl ow 
between NSW, SA and Victoria 
for the fi rst ti me. 

Central to AEM�’s �0�� 
Integrated System Plan, 
EnergyConnect has been 
engineered with resilience 
features including dynamic 
reacti ve support lwhich helps 
manage voltage on the gridm, 
automated systems for detecti ng 
faults, and a phased approach 
to increasing its power transfer 
capacity – beginning with 1�0 
MW and planned to scale up to 
¥00 MW as more stages of the 
project are completed.

conditi ons that could destabilise 
the grid. That includes more 
granular weather modelling, 
probabilisti c load forecasts and 
assessments of how the system 
behaves during rare but high-
impact events.

�ne of the most signifi cant 
examples of resilience-focused 
infrastructure in recent years is 
Project EnergyConnect. The 900 
km interconnector – Australia’s 

RIGHT: An �( 
connecte7 to 
a bi7irecti onal 
char]er as part o= 
the �"�!� (Ƒ� 
trial; an7 	r "am 
�ehrensķ �"�!�.

>
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I n a 2 0 1 4  Engineers Austral ia 
rep ort,  E nergy Security f or 
Australia: Crafting a comprehensive 
energy security policy,  c o- auth ors 
G reet and sec urity p ol ic y ex p ert 
Ath ol  Y ates argued th at “ al l  
Australian jurisdictions
sh oul d inc orp orate th e buil ding of  
im p rov ed resil ient energy system s 
as part of disaster risk reduction 
p rogram s and p ost– disaster ‘ buil d 
back beħer’ programs”.

H owev er,  th is h asn' t h ap p ened 
and p roj ec ts l ike EnergyC onnec t 
only highlight Australia’s too-
often reactionary approach to 
resilience investment. “We wait 
f or disasters to reac t instead of  
investing in infrastructure prior to 
a disaster,” Greet said.

underpin the system. As Greet 
p ut it:  “ T h ere is an urgent 
need to rec ognise th at energy 
resil ienc e is a way of  th inking,  and 
resp onding to c om p l ex  c h ange is 
not a f ortunate by- p roduc t of  p ast 
regulation and rules.”

This isn’t just an Australian 
challenge – it’s a global one. �n 
2 8  Ap ril  2 0 2 5 ,  S p ain ex p erienc ed 
an unprecedented nationwide 
blackout that left much of the 
I berian P eninsul a with out p ower 
for up to 10 hours. The outage 
was triggered by th e sudden 
loss of 1� GW of generation – 
around 60 per cent of Spain’s 
el ec tric ity sup p l y –  with in j ust 
five seconds, causing cascading 
failures across the grid.

While investigations are 
ongoing,  earl y c om m entary h as 
h igh l igh ted f ac tors suc h  as l ow 
system inertia, high reliance on 
inv erter- based renewabl es,  and 
limited interconnection with 
neigh bouring system s as p ossibl e 
contributors to the event.

�ther countries offer valuable 
insights, but Greet cautioned 
against assuming any one nation 
has it figured out.

“There is no nation or region 
th at dem onstrates strong grid 
resilience in practice,” he said. 
“ T h ere are l oc al ised nodes th at 
are resil ient –  th at is wh ere 
people, politics, production 
and consumption align – but 
all nations have vulnerabilities, 
p erh ap s l eading in one area,  but 
then lagging in others.”

Resilience isn’t a fixed 
destination but a moving target, 
shaped by evolving risks, shifting 
tec h nol ogies and th e dec isions we 
make along the way.

“ I t woul d be a m istake to
wait for Yperfect’. We must 
continue to be part of the
global transformation.” □

Driving change
Y ork,  T ing and G reet eac h  bring 
a different lens, but they 
c onv erge on a c entral  truth :  
engineers are not j ust m anaging 
the transition – they are driving 
it. From system architecture 
to community consultation, 
engineering expertise is central 
to m aking th e f uture grid work 
under real-world pressures.

But technical skill alone isn’t 
enough. It must be matched by 
p l anning f oresigh t,  p ol ic y 
sup p ort and th e c ap ac ity to 
adapt as conditions change. 
As the climate shifts and 
tec h nol ogy ev ol v es,  so too 
m ust th e f ram eworks,  
assumptions and tools that 

“There is no nation or region that demonstrates 
strong grid resilience in practice … All nations have 
vulnerabilities, perhaps leading in one area, but 
then lagging in others.”
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www.InfraBuildSENSESolutions.com

Making the sustainable switch to

Optimising high 
strength steel, 
the reimagined rib 
pattern improves 
buckling performance 
and tensile capacity 
compared to standard 
Grade 500 Mpa 
trench mesh.

SENSE 600®

TrenchMesh™ can be a 
direct substitute for 
Grade 500 Mpa trench 
mesh, o�ering up to 
44% lower embodied 
carbon versus our 
standard Grade 500 Mpa 
reinforcing steel.

SENSE 600®

TrenchMesh™ is 
CodeMark certi�ed, 
giving you the assurance 
that it conforms to AS/
NZS 4671 and AS 2870.

SENSE 600® TrenchMesh™

is now replacing our 
standard Grade 500 MPa 
trench mesh, as a new 
lower embodied carbon 
construction solution.

Improve your sustainability credentials without reinventing your processes. 
SENSE 600® TrenchMesh™ is our new innovative reinforcing solution that 
now replaces our standard Grade 500 MPa trench mesh. Delivering a lower 
embodied carbon solution, SENSE 600® TrenchMesh™ is building a brighter 
future for residential construction without compromise – a future where 
the sustainable choice is the obvious choice.

It just makes SENSE
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now replaces our standard Grade 500 MPa trench mesh. Delivering a lower 
embodied carbon solution, SENSE 600® TrenchMesh™ is building a brighter 
future for residential construction without compromise – a future where 
the sustainable choice is the obvious choice.

It just makes SENSE
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Material 
issues

Corrosion remains one of the most persistent 
and expensive engineering challenges in 

Australia. But engineers are working with new 
materials and advanced coatings to push back 

against the forces of nature.

WORDS BY JONATHAN BRADLEY

h e  f ai l u r e  of vital infrastructure often begins long before 
there are visible signs. Everything might seem in working 
order – structures stable, materials sound, surfaces intact 
– but, beneath that surface, environmental forces are at 
play. Exposure to moisture, stress and chemical agents 
gradually initiates corrosion, undermining the integrity of 

materials over time. Minor imperfections expand, connections weaken, 
and what starts as a slow, silent process can escalate into sudden, costly 
failure. It’s not a dramatic fiction but a constant, complex problem 
engineers must anticipate and manage in the real world.

“Corrosion is a bit like corruption,” Professor Srdjan Nesic, Director 
of �hio �niversity’s Institute for Corrosion and Multiphase Flow 
Technology, and an aăliated scholar at Western Australia’s Curtin 
Corrosion Centre, told create. “Itys destructive. It can lead to
complete collapse.z 

However, he said, while corruption eats away at the social fabric, 
corrosion does its work on infrastructure. 

It’s a problem that no-one, whether politicians, business or the 
broader population, likes to think about until it’s too late.

“Corrosion is the last thing on the list until it becomes the first – 
when something fails,” he said. “A lot of those things we can prevent 
and solve upfront in the design and operational phases. We donyt have 
to wait for failures.”

Land and sea
Research from the �S’s National Association of Corrosion Engineers 
estimated the global cost of corrosion to be ��.9 trillion – equivalent 
to �.� per cent of the global gross domestic product.

T
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T h at am ounts to a h igh  
of  $ 7 8  bil l ion eac h  year in 
Austral ia al one,  ac c ording to 
th e Austral asian C orrosion 
Associati on. Its impact aff ects 
sec tors ec onom y- wide,  
inc l uding oil  and gas,  water 
and wastewater,  def enc e,  
constructi on and infrastructure.

M onash  U niv ersity’ s P rof essor 
Nick Birbilis said public safety 
and cost reducti on are reasons 
to make transportati on more 
c orrosion- resistant and th eref ore 
m ore resil ient,  but h e sees 
environmental opportunity too.

“If we can make infrastructure 
that lasts a really long ti me, we 
donyt need to replace it, and then 
we start being much beħ er in 
terms of sustainability,” he said. 
“ T h ere' s an ol d saying th at eith er 
you c al l  th e c orrosion engineers 
in early, or youyll defi nitely call 
them in later.”

With the process of corrosion 
taking place at the intersecti on 
between m aterial s and th e 

ABOVE:
P r of e ssor  Sr d j a n  
Ne sic ,  I nsti tute 
f or  C or r osion  
and �ulti phase 

low Technology;  
P r of e ssor  Nic k  
�irbilisķ �onash 
&niversity.

BY THE NUMBERS

$3.9 trillion
ESTIMATED GLOBAL 
COST OF CORROSION

OF THE GLOBAL GDP

3.4%
EQUIVALENT TO

>
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env ironm ent,  wh en it c om es 
to transportation, urban 
infrastructure has different 
challenges to rural, and coastal 
locations require a different 
approach to those inland.

“In an urban setting, with a 
lot of cars, thereys more carbon 
dioxide, which increases the type 
of corrosion called carbonation. 
So buildings in the inner city are 
f ar m ore p rone to th is th an th ose 
in rural areas.

“Similarly, coastal structures 
near th e water are f ar m ore 
prone nto corrosiono because of 
the amount of chlorides that are 

ABOVE: 
P r o f e sso r  K o d  
P o j t an ab u n t o e n g ,  
C urtin �orrosion 
C e n t r e .

BELOW:
W hat remains o= 
collapse7 �oran7i 
�ri7]e connectin] 
t h e  A 1 0  m o t o r way  
in �enoaķ �taly. 
T h e  so u t h e r n  
st ay s g av e  way  
e�plosi�ely 7ue 
to corrosionķ �ith 
7ama]e causin] Ɠƒ 
casualties on ƐƓ 
A u g u st  2 0 1 8 .

in the environment and airborne 
particles that contain salt.”

That means Australia,
a country whose population is 
largely confined to cities along the 
coast, is particularly susceptible.

“A huge proportion of 
Australiays population and 
infrastructure is in what we call 
th e m arine env ironm ent,  wh ic h  
extends some tens of kilometres 
inland,” Birbilis said. “The aerosol 
spray from the ocean penetrates 
quite far inland, so most of 
Australiays critical infrastructure is 
in marine environments.”

As a result, much of the 
land-based infrastructure faces 
sim il ar c orrosion c h al l enges to 
infrastructure at sea.

“For port structures, and 
nothero structures that are 
absolutely critical, we do very 

regular early inspections to try 
and understand if corrosion is 
happening,” Birbilis said.

These inspections will often be 
matched by ongoing repairs
and maintenance.

In rare cases, costly stainless 
steel might be used as the 
reinforcement for a structure’s 
concrete foundations, said Birbilis, 
citing the Sydney �pera House as 
an example. With the much-older 
Sydney Harbour Bridge, however, 
the solution is to repeatedly 
repaint the structure to safeguard 
it from the sea air.
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The right choice
“ T h e best th ing is to c h oose 
th e righ t m aterial  f or th e 
giv en env ironm ent, ”  Assoc iate 
P rof essor K od P oj tanabuntoeng,  
of the Curtin Corrosion Centre, 
tol d create.

“ I f  we buil d ev eryth ing f rom  
gold, platinum or titanium, it 
m ay be okay f rom  a c orrosion 
perspective, but the cost and 
th e strength  of  th e m aterial  
won’ t m atc h  wh at we need f rom  
th ese m aterial s in th at giv en 
env ironm ent.  T h at' s wh en you 
h av e to c om p rom ise.

“ T h at' s wh y c arbon steel  is 
th e m ost used in al l  of  th e c ases:  
bec ause it' s th e c h eap est typ e 
of  m aterial ,  and th en you c oup l e 
it with the prevention, such as a 
nprotectiveo coating.”

Birbilis said selecting a 
c orrosion- resistant m aterial
is ideal .

“ And if  you' v e got a m aterial  
th at m igh t be c orrosion- p rone,  
but is in an inert env ironm ent,  
you' re al so okay. ”

Ev en wh en using c orrosion-
resistant alloys, you still need to 
ensure th at th ey are ap p rop riate 
to th e rel ev ant env ironm ent,  
P oj tanabuntoeng said.

“ I n a h igh - c h l oride 
env ironm ent,  wh ic h  Austral ia is 
known f or,  c orrosion c an m anif est 
in a different way. When we 
l ook at c arbon steel ,  it c orrodes 
ev erywh ere –  ev eryth ing turns 
red.  B ut stainl ess steel  woul d 
nexperienceo pitting – pinholes 
h ere and th ere. ”

In an aħempt to devise ever 
more innovative corrosion-
resistant m aterial s,  researc h ers 
h av e rec entl y turned to AI ,
B irbil is said.

“ T h ere h av e onl y been a f ew 
dev el op m ents in th e h istory of  
c orrosion- resistant m aterial s, ”  h e 
said.  “ A good ex am p l e is stainl ess 
steel ,  wh ic h  was a disc ov ery 
rather than an invention.”

Dev ising new m aterial s th at 

match the properties corrosion 
engineers seek is c om p l ic ated
by the sheer number of potential 
al l oys th at c an be c reated.

AI ,  B irbil is said,  al l ows 
researc h ers to sp eed- run a m ix -
and- m atc h  p roc ess.

“ I f  you were to ex p erim ental l y 
m ake al l oys and try th em  
with a traditional production 
of  m aterial s,  you' d need as 
l ong as th e univ erse h as been 
in ex istenc e to do al l  th e 
ex p erim ents, ”  h e said.

“ I n m ac h ine l earning and
AI ,  we h av e th e abil ity to 
ac c el erate m aterial s design 
digital l y and sc reen a l arge l ist of  
c andidates.  T h is area h as been 
em erging gl obal l y in th e l ast 
c oup l e of  years. ”  

Beyond material solutions, 
c orrosion ex p erts are 
continuing to refine 
el ec troc h em ic al  resp onses.

“Cathodic protection is a
way of protecting steel from 
c orrosion th rough  eith er 
sacrificial anodes or through an 
im p ressed c urrent m eth od,  wh ere 
you sup p l y som e el ec trons –  you 
l iteral l y p l ug your struc ture into a 
wal l  –  and you sup p l y el ec trons to 
it, ”  B irbil is ex p l ained.

“ I f  you sup p l y el ec trons to a 
m etal ,  it driv es down th e driv ing 
f orc e f or c orrosion bec ause it 
h as a surp l us of  el ec trons and it 
doesn' t want to ox idise. ”

An earl y ex am p l e of  th is 
tec h niq ue,  h e said,  was p ioneered 
in Austral ia’ s transit networks.

T h e  c o st  o f  c o r r o si o n  i s 
estimate7 to account =or ƒ.Ɠ per 
cent o= ]lobal ]ross 7omestic 
pro7uctķ an7 as much ŪƕѶ billion 
each year in Australia alone.

ľ�tĽs massi�eķĿ sai7 �onash 
&ni�ersityĽs �ro=essor �ich 
�irbilis. ľ�ereŝs an in7ustry
that sits beneath the sur=ace
that costs so muchķ an7 the 
�isibility an7 a�areness o= it fust 
isnŝt there.Ŀ

)hen it comes to resilienceķ 
in=rastructure ŋ an7 particularly 
transport in=rastructure ŋ 
ma�ers ]reatly. $he Australasian 
�orrosion Association hi]hli]hts 
bri7]e collapse as the ľmost 
�isibleĿ =orm o= corrosionŊrelate7 
catastrophic in=rastructure 
=ailure. �uil7 Australia 
estimates the yearly cost o= 
corrosionŊrelate7 in=rastructure 
maintenanceķ inclu7in] bri7]esķ 
at ŪѶ billion.

ľ$ransport net�orhs are the 
pillars o= the economyķĿ �rite 
economists An]ela "te=ania 
�er]antinoķ Alessan7ro �ar7elli 
an7 �ucia !otaris in a re�ie� o= 
resilience 7ata stu7ies.

ľA resilient an7 eLcient 
transport net�orhķ inten7e7 
as the set o= linhsķ no7es an7 
transport ser�ices Őe.]. toll roa7sķ 
public transport ser�icesķ airline 
ser�icesőķ enables the mo�ement 
o= ]oo7s an7 people an7 
promotes tra7e an7 cohesion 
bet�een re]ions an7 societies.Ŀ

A ƑƏƑƒ report =rom the 
�nternational $ransport 
orum 
insists that resilience shoul7
be a ľcore obfecti�e o=
transport policyĿ.

ľ!esilient transport systems 
continue to =unction or reco�er 
tuichly in case o= 7isruptionsķ 
minimisin] the cost to society 
an7 the economyķĿ the report 
sai7. ľ�noculatin] transport 
systems a]ainst breah7o�ns 
retuires mahin] the notion o= 
resilience an inte]ral part o= 
transport policiesķ strate]ic 
plannin]ķ in=rastructure appraisalķ 
competition policies an7 
transportŊrelate7 in7icators.Ŀ

COUNTING THE COST

“Some of the earliest use of 
cathodic protection was in inner 
Melbourne, because infrastructure 
was corroding as a result of stray 
current from the tram network.”��

A�
�Ĺ

 �
e�

y.

>
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“ S om e of  th e earl iest use 
of cathodic protection was 
in inner Melbourne, because 
infrastructure was corroding as 
a result of stray current from the 
tram network.”

And it’s an area in which 
Australia has remained 
innovative. �ust this year, 
a c l osed- l oop  sm art c ath odic  
protection technology developed 
by Deakin �niversity’s Dr Mike 
Yongjun Tan was awarded the 
Materials Performance Corrosion 
Innovation of the Year Award 
at the Association for Materials 
Protection and Performance 
conference in Nashville.

The technology monitors 
materials in real time and 
automatically adjusts protection 
levels to mitigate complex and 
localised forms of corrosion.

Aerial stress
While transit by land and sea 
is subject to a broad range of 
corrosive environments, air
travel must endure all of these 
and more. In the sky, material 
f ail ure f rom  h ard- to- detec t
flaws such as stress-corrosion 
cracking can have particularly 
catastrophic effects.

Air transport has distinct 
features that shape the kinds 
of corrosion to which it is 
susceptible: planes operate in 
harsh environments and in a wide 
temperature range, move rapidly 
between high altitudes and 
ground-level, and can be exposed 
to fuel leaks and pollutants.

“Corrosion can target a small 
location, a very small micro-
structure that we cannot see,” 
explained Tan, who is Professor 
of Applied Electrochemistry and 
Corrosion Technologies 
at Deakin.

“We’ve had in the past a lot 
of aircraft incidents due to this 

But aluminium alloys are 
susceptible to corrosion, usually 
addressed through coatings and 
surface treatments. When
aircraft engineers began 
introducing stiffer and lighter 
carbon composites into aircraft 
design, they were looking to 
improve performance.

“Because of the change of 
material, we were inadvertently 
also working to reduce corrosion 
– but that was not the primary 
goal,” Bhasin said. “Composite is a 
carbon-fibre reinforced plastic.”

And while plastic doesn’t rust, 
composites are still at risk from 
galvanic corrosion, such as might 
occur where plastic meets metal 
inserts or fasteners, and stress 
corrosion that forms cracks in 
which moisture can collect.

Bhasin wants to improve 
the next generation of carbon 
composites by integrating into 
their structure the nanomaterial 
graphene, which he describes as 
having “phenomenal properties”.

“Because graphene is one 
single layer of carbon, it creates 
a barrier which is impermeable 
to any gas or liquid,” he said. “We 
are able to block the agents for 
corrosion, which can be moisture, 
oxygen or other electrolytes 
which have to come into 
contact with the metal.”

Although graphene is
usually highly conductive, it 
can be engineered to act as an 
insulator, meaning it prevents 
galvanic corrosion through 
electrical isolation.

“Galvanic corrosion requires 
two different elements or two 
metals to contact with electron 
flow between them,” Bhasin said. 
“If we put a layer of graphene in 
between them, that can prevent 
the electron flow and hence
stop corrosion.”

There is also potential for 
graphene to be adapted as a smart 
material that stops cracks from 
growing after they appear, and 
even self-heal. Some experimental 
forms are even being adapted 

“Galvanic corrosion requires two 
!ifferent ele*ents or t4o *etals 
to  onta t 4ith ele tron Ťo4
�et4een the*T �f 4e -ut a layer of 
$ra-hene in �et4een the*U that 
 an -revent the ele tron Ťo4 an! 
hen e sto-  orrosionTQ

ABOVE: D r  M i k e  
Y o n g j u n  T an ,  
D e ak i n  U n i v e r si t y ;  
D r  M u k e sh  B h asi n ,  
R M IT  U n i v e r si t y .

stress-corrosion cracking, so in 
the corrosion engineering area, 
we have spent a lot of time and 
a big effort has been made to 
investigate it – how to stop it and 
how to change the material.”

�ne engineer working to 
strengthen the material we use 
to keep our planes in the sky is Dr 
Mukesh Bhasin, who conducted 
his doctoral research into 
graphene-reinforced aerospace 
polymers at RMIT �niversity.

He told create he keeps three 
aims in mind when it comes to 
aircraft materials.

“Number one is safety,
number two is maintenance cost, 
and number three is weight
and performance.”

Traditionally, planes have been 
constructed from aluminium 
to address the weight and 
performance metric. It’s a light 
metal and, when used in alloyed 
form, a strong one.

RIGHT: G al v an i c  
c o r r o si o n  d u e  t o  
7i@erin] ano7ic 
i n d e x  b e t we e n  t h e  
b o l t s an d  t h e  p l at e .  
Im ag e :  D 3 j 4 v u  
at  W i k i m e d i a 
C o m m o n s.
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P�e are  onstantly ţ$htin$ to
un!erstan! an! resear h 4hat 
 orrosion !oes TTT �y $oal is to
un!erstan! the ene*y in or!er
to �e a�le to ţ$ht itTQ

to ac t as indic ators of  oth er 
problems, letting engineers and 
m aintenanc e c rews know to 
investigate a material before a 
problem gets out of hand.

“If we put nanoparticles 
with in th e m atrix ,  we c an m ake it 
generally conductive,” Bhasin said. 
“Any separation of material can be 
sensed through the reduction in 
the electrical conductivity.”

Return to form
When talking about their life’s 
work, corrosion engineers can 
sometimes sound fatalisticU 
their outlook almost turns 
philosophical.

“Corrosion is unavoidable. It is 

a process that returns the metals 
to the original mineral state in 
which they came from,” Nesic said. 
“Itys just progression. You canyt 
stop it, but you can slow it down 
so that things can last for as long 
as we need them to last.”

We might live in a
corroded world, but that’s
what inspires Nesic and others
to continue innovating.

“It’s that thermodynamic 
driving force that wants metals 
to go back to basically being 
ores,” Birbilis said. “But we do 
know enough now for designing 
how to stop that. Thatys where 
we need to do really well, so our 
infrastructure can last.”

Nesic said he wants to equip 
engineers with the best possible 
knowledge to help them produce 
infrastructure that lasts longer.

“We are constantly fighting to 
understand and research what 
c orrosion does and h ow it does 
it,” Nesic said. “My goal is to 
understand the enemy in order to 
be able to fight it.” □IM

AG
E:

 �
e�

y.

ABOVE: 
S t r e ss- c o r r o si o n  
crachin] in aircra[ 
h as l e d  t o  i n c r e ase d  
maintenance e@orts.
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Precision 
at every 

wavelength
Amid ever-growing demand for

high-speed internet and data services, 
a global manufacturing company with 
a vitally important Australian facility is 

well-placed to capitalise.

WORDS BY JEN WALKER
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h e  wav el ength  
m anagem ent 
c om p any F inisar 
h as ac h iev ed no 
f ewer th an 1 5  worl d 
firsts. They include 

the first liquid-crystal on silicon 
wavelength selective switch
lLCoS WSSm in �006, the first 
flexible-grid WSS in �010, the first 
quad WSS in �0�0 and, earlier this 
year, the first low-cost edge WSS 
–  with  p l enty of  oth ers in th e years 
in between.

I t’ s f air to say th e c om p any 
is commiħed to innovation and 
is benefiting from its relatively 
h igh  researc h  and dev el op m ent 
spend lmore than 1� per centm. It 
is estimated that half the world’s 
internet traăc passes through 
switches based on Finisar’s 
original invention.

A WSS is an optical device used 
in fibre-optic communication 
networks to route individual 
wav el ength s (c h annel s) f rom  an 
input fibre to one or more output 
fibres without converting the 
signal to electrical form.

F inisar sp ec ial ises in 
wav el ength  m anagem ent 
components and subsystems, 
which it supplies to networking 
equipment manufacturers to allow 
end-users to adjust the capacity of 
their internet data streams to suit 
different needs.

“The markets we are 
in constantly require new 
products,” said Senior Director of 
Engineering at Finisar �on Bulman. 
“Weyre on a never-ending path of 
evolution and it’s very much part 
of our business.”

Bespoke products
To maintain this momentum, 
the company’s Sydney base 
blends engineering, research and 

T
ABOVE: 
J o n  B u l m an ,  F i n i sar .

F i n i sar  sai d  i t s F l e x g r i d  
t e c h n o l o g y  al l o ws u se r s t o  
c u st o m i se  c h an n e l  sp e c t r al  
sh ap e s.  A s t h e  d at a r at e  o f  
t r an sc e i v e r s i n c r e ase d  o v e r  
timeķ the spectrum o= the 
transmiমn] lasers became 
too �i7e =or stan7ar7ķ C�e7 
c h an n e l  wi d t h  swi t c h i n g  
t o  wo r k .

&tilisin] the inherent 
Ye�ibility o= the ��o"ķ 
F l e x g r i d  al l o ws d y n am i c  
r e assi g n m e n t  o f  p i x e l s 
t o  g e n e r at e  n e w p h ase  
pa�ernsķ enablin] �i7er 
spectral channels suitable 
t o  h i g h e r  d at a r at e s.

$his Ye�ible channel 
spacin] can be increase7 
a[er 7eployment o= 
the )""ķ allo�in] the 
n e t wo r k  t o  ad ap t  t o  n e w 
t r an sm i ssi o n  f o r m at s an d  
d at a r at e s.

F l e x g r i d  f u t u r e - p r o o f s 
c u st o m e r s’  n e t wo r k s 
because they can 
se am l e ssl y  i n c r e ase  d at a 
r at e s wi t h o u t  h av i n g  t o  
replace the )"" in the 
n e t wo r k .  It  al l o ws f o r  ag i l i t y ,  
eLciency an7 scalability in 
optical net�orhs.

What is Flexgrid?
development and manufacturing, 
wh ic h  th is c aters f or th e 
complexity of the design of its 
products as well as the precise 
specifications required for its 
machines. In the one place,
th e team s designs its own 
automated machines, writes 
the software and develops test 
instruments alongside the product 
design process.

For example, for its WSS 
switc h es,  th e team  sends l aser 
light through the optical circuit 
as it is being assembled, and 
manoeuvres the position of each 
component based on the optical 
properties being measured.

“In most manufacturing, you 
put something in place using 
an x-and-y coordinate, but we 
make machines that actually send 
laser light through the product, 
analyse the outcome and then 
drive the motion control feedback 
on the outcome of the light,” 
Bulman said. “We make our own 
instruments to both send the laser 
signal and detect it.

“The other interesting thing 
is, if you have a series of optical 
components and you move one
of them, the beams of light will 
then hit the next part in a different 
way. So we have to move all the 
components simultaneously and 
find a solution for that set of parts.”

S om e of  th ose c om p onents 
are measured in nanometres, so 
precision is key.

A new product then goes 
through a testing stage which
also fine-tunes the machine that 
made it. �nce a prototype is 
ready, it is sent with its customised 
machine and software to the 
company’s site in either South 
K orea or C h ina,  wh ere it is 
replicated to scale up production 
of key subassemblies.

The assembly work in China is 
only for the optical components, 
which is quite a labour-intensive 
activity. The hermetically sealed 
optical subassembly is sent to 
S ydney wh ere it is integrated into 

BELOW: F i n i sar ' s 
wav e l e n g t h  
selecti�e s�itch.

>
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a m odul e with  el ec tronic s
and software.

F rom  h ere,  th e p roduc t is 
c al ibrated to m eet th e c ustom er’ s 
requirements. 

“ B y sending l igh t into it and 
c h arac terising th at indiv idual  
product’s optical performance, we 
c an determ ine im ages th at need to 
be p ut on th e LC oS  th at wil l  giv e us 
the output we need.

“ W e l earn th e al gorith m s to 
create the images by interrogating 
the unit. �sing AI, the systems 
ac tual l y l earn h ow to p rogram  
p roduc ts,  and th e m ore p roduc ts 
of that type we make, the more 
eăcient the software systems.”

Consistency and control
Retaining this level of control 
within the organisation is a 
key strategy for the company’s 
resilience. The final assembly 
operation and integration in 
Sydney keeps the technology in-
house, while the people who work 
on im p rov em ents h av e im m ediate 
hands-on access to the product.

The factories in �orea and 
C h ina are c onnec ted to a c entral  

database,  rec ording test data 
p aram eters,  wh ic h  al l ows th e team  
in Sydney real-time visibility of 
every step of every product being 
assembled. If there is an issue, 
they can turn off the machines. 
All materials used are barcoded 
to ensure onl y th e c orrec t 
c om p onents are being used
and allowing full traceability back 
to suppliers.

Finisar has cemented itself 
in a future-proof industry. Its 
initial customers were telecom 
companies such as Nokia and 
Huawei, though their markets 
h av e now ev ol v ed to inc l ude 
internet service providers.

“The evolution of our products 
are really for the increase 
in data traăc driven by the 
expansion of AI, which creates 

An incomin] optical Cbre carries 
many channels o= 7ataķ each at 
7i@erent �a�elen]ths ŋ this is 
calle7 7ense �a�elen]th 7i�ision 
multiple�in]. $hrou]h the )""ķ 
net�orh operators can 7eci7e 
�hich �a�elen]th is 7irecte7 
to �hich o= the many output 
optical Cbresķ 7irectin] 7ata to 
7i@erent parts o= the net�orh 
in the process. An a77itional 
=unctionality allo�s the output 
po�er le�els o= the 7i@erent 
�a�elen]ths to be controlle7.

$he core s�itchin] technolo]y 

relies on a litui7 crystal on silicon 
Ő��o"ő 7e�ice. $he ��o" silicon 
bachplane consists o= thousan7s 
o= in7i�i7ually a77ressable pi�els. 
�y applyin] a �olta]e to each 
pi�elķ a perio7ic phase pa�ern 
can be ]enerate7 in an o�erlyin] 
litui7 crystal layer. $his alters the 
phase =ront o= the reYecte7 li]htķ 
e@ecti�ely steerin] the 7irection 
o= li]ht inci7ent on the ��o" to a 
7esire7 7irection. 

A prism an7 7i@raction ]ratin] 
are use7 to 7isperse the multiple 
�a�elen]ths o= li]ht in the 
incomin] beam o�er the sur=ace 
o= the ��o". �ssentiallyķ the ��o" 
acts lihe a pro]rammable mirror. 
�y alterin] the phase proCle o= 
the litui7 crystal layer o�er the 
pi�elsķ each �a�elen]th can be 
steere7 in7epen7ently 

to an output Cbre Őor portő o= 
the )"".

�ncorporatin] )""es into 
mo7ern CbreŊoptic net�orhs 
allo�s net�orh operators to 
locally a77 or 7rop net�orh 
traLc or support mesh net�orhs 
an7 traLc reconC]uration.

How wavelength 
selection 
switches work

AT A GLANCE

50%
OF THE WORLD’S INTERNET TRAFFIC 
PASSES THROUGH SWITCHES BASED 
ON FINISAR’S ORIGINAL INVENTION

300 nm
FINISAR IS THE ONLY WSS 
MANUFACTURER GLOBALLY WHICH 
DOESNLT S�IP FROM A LOW-COST 
ASIAN COUNTRY
S ou rce:  F inis a r

OPTICAL COMPONENTS ARE 
INDIVIDUALLY ALIGNED WITH 
SUB-MICRON PRECISION

AN OPTICAL COMPONENT 
MADE BY FINISAR HAS A 
FEATURE SIZE OF

“Using AI, the systems actually 
learn how to program products, 
and the more products of that 
type 4e *a(eU t%e *o/e efficient 
the software systems.”

ABOVE: 
(isualisin] the 
interior o= a 
�a�elen]th 
selecti�e s�itch.
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“Considering where parts 
should be made [is] becoming 
an equally important part 
of resilience.”

�utput Cbres

fewer components in the finished 
box .  T h e oth er is th at it' s m ore 
am enabl e to th e p roc ess of  
automating the assembly. These 
things go together and enable us 
to make products for sectors of 
th e m arket th at are m ore p ric e-
sensitive. We can see ways to 
autom ate th e m anuf ac ture of  
products that will provide very 
good performance.”

Hunger for innovation 
Bulman believes one of the main 
challenges facing the company is 
that, currently, the opportunity to 
increase sales is largely dependent 
on a customer designing a new 
system that needs more capacity. 

“To expand our reach into 
different customers and their 
applications, our engineering 
team is constantly being pushed 
to develop new technologies 

and new approaches, and, in 
a way, thatys what makes it 
fun,” Bulman said. “But it also 
means that our engineering 
activity has to be very carefully 
focused on understanding what 
the customers want and how 
to deliver that in the shortest 
possible time.

“And some of these 
changes are quite radical – the 
evolutionary steps can be big.”

Another resilience challenge 
is the potential for trade 
friction, especially relevant to an 
organisation that exports 100 
per cent of its products.

“We are very much considering 
where parts should be made. 
Where is a reliable source 
of materials? Where can we 
assemble things which wonyt 
be impacted by trade issues? 
How do we make sure we are 
fully compliant with any trade 
restrictions? It’s obviously a 
different type of work from 
traditional technology and 
design development, but itys 
becoming an equally important 
part of resilience.” □

�ptics separate the 
�a�elen]ths o= li]ht.

�utput Cbres carry the 
selecte7 channels o= 7ata 

to the ne�t location.

�nput Cbre

A litui7 crystal on silicon 7e�ice 
selects an7 steers the li]ht.

An input Cbre �ith up to ƐƏƏ 
channels o= 7ataķ each at a 
7i@erent �a�elen]th.

a need for higher bandwidth 
communications between data 
centres,” Bulman said. “That 
will drive a future need for 
our products beyond whatys 
traditionally telecom.

“Ninety-five per cent of data 
travels through optical fibres – 
wh eth er it' s our internet,  m obil e 
phones, watching Netflix, at some 
point it all converges to go across 
multiple fibre networks.”

Finisar is looking beyond 
these core networks, and has just 
released a new low-cost edge
WSS platform designed to 
optimise network eăciency while 
reducing costs. 

“Sometimes our customers, 
when we show them our products, 
are astounded by how few 
components are inside. If 
you look at our competitors, 
theyyre full of liħle glass 
components, all doing separate 
functions. Weyve taken a different 
approach of having fewer physical 
p arts,  but eac h  p art h as a m ore 
complex function.

“This has two positive aspects 
to it. �ne is that thereys simply 
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HAlpha 
performance

i g h - p u r i t y  al um inia 
(H P A) is a m aterial  
of  th e f uture th at 
is in h uge dem and 
today.  T h is v al ue-
added m ineral  is a 

critical ingredient in breakthrough 
tec h nol ogies –  f rom  im p rov ing 
lithium-ion baħery safety to 
making AI chips cooler and 
faster, to enabling more eăcient 
lithium extraction.

In the industrial hub of 
G l adstone,  Q ueensl and,  Al p h a 
H P A is at th e f oref ront of  th e 
material’s refinement into ever-
h igh er grades of  c om m erc ial  
p urity.  T h e sp ec ial ty al um inium  
m aterial s and tec h nol ogy AS X -
l isted c om p any h as dev el op ed a 
world-first process for purification 
and refining. A technology that not 
onl y generates f ewer em issions,  
but also results in near-zero waste. 

“ T h e idea of  p roduc ing h igh -
purity alumina isn’t new – but 
the way we do it is,” said Rob 
W il l iam son,  M anaging Direc tor 
of  Al p h a H P A.  “ W e’ v e re-
engineered th e p roc ess f rom  th e 
ground up  to del iv er unm atc h ed 
p urity at c om m erc ial  sc al e,  with  
near-zero waste and drastically 
lower emissions. It’s not just an 
evolution – it’s a step-change that 
positions Australia at the forefront 
of a critical global supply chain.”

Outstanding hardness
An odourl ess c rystal l ine m aterial ,  
aluminium oxide is notable for 
its high thermal conductivity, 
low electrical conductivity, 
and outstanding h ardness and 
strength that make it a material 
of  c h oic e f or v arious industrial  
applications.

A refined form of the non-
m etal l urgic al  m aterial ,  H P A 
m ust c onsist of  m ore th an 
9 9 . 9 9  p er c ent al um inium  ox ide.  

A breakthrough Australian process is increasing 
the purity of aluminium materials while boosting 
the global decarbonisation project.

WORDS BY LARISSA FOSTER
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“Silica will still have a place in 
lower-performing chips, but when 
it comes to high-performance 
applications – like GPUs and 
power semiconductors – high
-purity alumina is becoming 
the material of choice.”

ABOVE:
R o b  W i l i am so n ,  
A l p h a H P A .
BELOW:
A l p h a H P A ' s F i r st  
P r o j e c t  f ac i l i t y  i n  
G l ad st o n e .

and rare earth s.  W il l iam son is 
understandabl y c oy on Al p h a 
H P A’ s p rop rietary p roc ess f or 
aluminium extraction, which is 
based on establ ish ed sol v ent 
extraction lS�m technology.

“Solvent extraction is 
essentially a way to selectively 
purify metals, almost like a 
molecular-level filter that isolates 
the element you’re targeting,” 
Williamson said. “What we’ve 
done is take this proven 
hydrometallurgical technology and 
refine it specifically for aluminium. 
To the best of my knowledge, 
we’re the first to successfully 
ac h iev e th is l ev el  of  p rec ision and 
purity for high-purity alumina.”

The traditional production 
m eth ods f or H P A rel y on 

outdated, emissions-intensive 
technology, typically synthesising 
it f rom  al um inium  m etal  
feedstock. This is energy-intensive 
and produces high carbon and 
chemical emissions, along with a 
significant amount of waste. 

Al p h a H P A uses a c h em ic al  
aluminium hydrate feedstock 
sourced from Rio Tinto. It looks 
like bricklayers’ sand, Williamson 
said, and it would notionally go on 
to become smelter-grade alumina. 
I t is dissol v ed in ac id and p ol ish ed 
bef ore Al p h a H P A’ s p rop rietary 
Smart S� Technology process 
performs the highly selective 
extraction of Al�� cations from 
al um inium - l oaded l iq uor.

The aluminium-loaded organic 
sol v ent is th en transf orm ed 

Classifications of HPA are 
indic ated by th e num ber of  nines in 
its purity level. A �N l“four nines”m 
HPA signifies at least 99.99 per 
cent purity, �N is at least 99.999 
p er c ent p urity and 6 N is at l east 
99.9999 per cent purity.

T h ese l ev el s are ac h iev ed 
through processes that minimise 
trace impurities, such as 
electrolysis or zone refining. 

T h e rap id dev el op m ent of
high-tech fields has seen 
al um inium ’ s p urity req uirem ents 
increase. As the evolution of 
AI unfolds, demand for power-
hungry data centres is seeing the 
exponential growth of HPA’s use
in thermal management.

HPA provides multiple 
performance benefits when it is 
used as a cooling agent in the 
adv anc ed sem ic onduc tor c h ip s 
needed to power AI data centres, 
which as a by-product produces 
enorm ous am ounts of  h eat.

Traditionally, high-purity silica 
has dominated the market as a 
semiconductor heat sink. But 
with thermal conductivity �� 
times higher than silica, HPA is 
becoming the most in-demand 
sem ic onduc tor m aterial .

“Silica will still have a place in 
lower-performing chips, but when 
it comes to high-performance 
applications – like GP�s and 
power semiconductors – high-
purity alumina is becoming the 
material of choice,” Williamson 
said. “HPA delivers the cooling 
performance needed to keep 
next-gen chips running eăciently 
and reliably.”

Enter Alpha HPA
Alpha HPA’s innovative 
manufacturing process is capable 
of selectively extracting alumina 
from a proprietary solution using 
a solvent extraction process 
with “scalpel-like precision”, 
W il l iam son said.

The hydrometallurgical 
technology was first commercially 
used in the 1970s and is 
commonly used for copper, zinc 

through two crystallisation steps 
into an interm ediary p roduc t th at 
c an be c al c ined to H P A.  T h e l oaded 
organic stream can be directed 
to any acid stream to generate 
�N� purity aluminium precursors 
lsaltsm, or �N� boehmite or 
alumina. Byproducts are sent to 
mining explosives company �rica, 
a � per cent shareholder in Alpha >
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H P A,  and returned as reagents in 
an al m ost waste- f ree p roc ess.

T h e c om p any’ s p rop rietary 
tec h nol ogy c reates a growing 
range of  h igh - p urity al um inium  
m aterial s –  al um inium  ox ides,  
al um inium  h ydrox ides and 
al um inium  nitrates –  of  an ul tra-
h igh  p urity th at is c onsidered a 
best- in- c l ass l ow- al p h a f eedstoc k.

“ I t’ s so p ure th at we el im inate 
uranium  and th orium , ”  W il l iam son 
said. “That’s critical because 
th ese el em ents em it al p h a 
radiation which can ionise the 
m aterial s with in th e nanol ayers 
of  a sem ic onduc tor.  W h en th at 
h ap p ens,  el ec trons are disp l ac ed,  
wh ic h  l eads to data errors or,  
worse,  p rem ature f ail ure of  th e 
c h ip  itsel f .

“ W e’ re ac h iev ing uranium  
and th orium  l ev el s bel ow one 
part per billion – essentially at 
non- detec tabl e l ev el s.  W e c an’ t 
tec h nic al l y c l aim  z ero,  but it’ s 
significantly lower than the five 
p arts p er bil l ion typ ic al l y seen in 
competitor products.”

Energy transition
Another standout application for 
Al p h a H P A’ s p rop rietary al um inia 
relates to baħeries. HPA is 
widel y used to c oat th e sep arator 
between th e anode and c ath ode 
to provide multiple baħery-
performance benefits, including an 
im p rov em ent in th erm al  c ap ac ity 
and reducing the rare risk of fires 
in m obil e p h ones and EVs.

“We are particularly focused on 
baħery safety, using our aluminium 
nitrate as a p rec ursor to c oat th e 
grap h ite anode with in th e l ith ium -

“We didn’t need to invent any 
mechanical apparatus. It’s 
tan(sU *i5e/sU ţlte/ p/essesU 
dryers, rotary calciners … 
oʛ_t%e_s%el# e.2ip*entT 
The innovation lies entirely 
in chemistry, not machinery.”

ABOVE:
$estin] at the 
companyŝs p r o7uct 
7e�elopment 
centre in �risbane.

ion c el l s, ”  W il l iam son said.  “ T h at 
aluminium oxide coating plays
a critical role in halting the chain 
reaction that can occur when 
the baħery experiences trauma. 
I n essenc e,  it p rev ents th erm al  
runaway,  wh il e al so al l owing th e 
baħery to operate at slightly 
h igh er tem p eratures,  wh ic h
c an im p rov e c h arging and 
disc h arging p erf orm anc e. ”

Al p h a H P A’ s m aterial s are al so 
proving essential in the global 

energy transition through their 
rol e in c h em ic al  m ec h anic al  
planarisation slurries, used 
to p ol ish  h igh - p erf orm anc e 
sem ic onduc tors,  esp ec ial l y 
sil ic on c arbide (S iC ) substrates.

“ O ur m aterial  is used in th e 
p ol ish ing step  f or th ree typ es 
of  sem ic onduc tors –  sil ic on 
c arbide,  gal l ium  nitride and 
sap p h ire, ”  W il l iam son said.  
“ T h ese are f undam ental  to 
p ower- switc h ing dev ic es in 
EV baħery systems, solar 
P V system s,  wind turbines 
– essentially any application 
req uiring h igh - p ower switc h ing. ”

Recent testing has shown 
th at Al p h a H P A’ s m aterial s 
del iv er m ore th an 5 0  p er c ent 
h igh er rem ov al  rates on S iC  
wafers compared to conventional 
abrasiv es,  undersc oring th eir 
p erf orm anc e adv antage in nex t-
gen sem ic onduc tor m anuf ac turing.
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Brand new facility
Austral ia is th e worl d’ s l argest 
ex p orter of  al um ina,  but does not 
c urrentl y p roduc e c om m erc ial  
quantities of high-purity alumina.

Alpha HPA’s new purpose-built, 
renewabl y p owered f ac il ity wil l  
change that. Currently under 
construction, the full-scale facility 
is ex p ec ted to begin p roduc ing 
HPA in �0�7. An estimated annual 
outp ut of  1 0 , 0 0 0  t p er year wil l  
make it the world’s largest single-
site manufacturing facility for high-
purity aluminium materials.

T h e c om m erc ial  p l ant wil l  al so 
del iv er 4 N p urity H P A at a c ost 
significantly lower than any other 
c om m erc ial  p roc ess c urrentl y on 
the market.

“ T h e underl ying c onc ep t of  
p roduc ing H P A h asn’ t c h anged, ”  
Williamson said. “What weyve 
done is p erf ec ted it to m ake sure 
itys commercially viable at scale. 

A h ydrom etal l urgic al  p l ant l ike 
this has to have a tight mass 
bal anc e,  ensuring al l  el em ents are 
ac c ounted f or in ev ery stream ,  
and th at im p urity l ev el s don’ t 
ac c um ul ate to a p oint wh ere th ey 
compromise the economics. Many 
tec h nol ogies work wel l  in a l ab 
beaker,  but th eir waste stream s 
are too c ostl y to m anage at 
industrial scale.”

R ath er th an rel ying on 
ex p erim ental  eq uip m ent,  Al p h a 
H P A h as designed th e f ac il ity 
around p rov en,  standardised 
hydrometallurgical systems.

“There’s nothing exotic about 
the hardware,” Williamson said. 
“ W e didn’ t need to inv ent any 
mechanical apparatus. It’s tanks, 
mixers, filter presses, dryers, 
rotary calciners X off-the-shelf 
equipment. The innovation
lies entirely in chemistry,
not machinery.”

ABOVE:
T h e  n e w f ac i l i t y ' s 
o u t p u t  wi l l  r e ac h  an  
estimate7 ƐƏķƏƏƏ t 
p e r  y e ar .

B y sol v ing th e ac c essibil ity 
of large-volume, high-purity 
al um inium  nitrate,  Al p h a H P A says 
it has unlocked the potential of 
fast and affordable application of 
aluminium-oxide coatings
onto both  c ath ode and anode 
active materials.

“It’s a disruptive technology 
with  th e l owest c arbon em issions,  
giving us a significant commercial 
advantage. It’s very exciting times 
and great to be m ov ing way 
f urth er down th at v al ue c h ain 
in Australia.”

T h e Austral ian G ov ernm ent’ s 
sup p ort of  $ 4 0 0  m il l ion f or 
Al p h a H P A’ s G l adstone 
facility is part of the Critical 
Minerals Strategy ambition to 
“ inc rease Austral ia’ s f ootp rint in 
downstream  p roc essing”  of
critical minerals. □

LOWER TOTAL CARBON 
EMISSIONS THAN 
CONVENTIONAL PROCESSES 

70%
BY THE NUMBERS

10,000 t
OF HPA BEING 
MANUFACTURED PER 
YEAR AS OF 2027

100%
PROCESS RECYCLES 
CLOSE TO

OF PROCESS REAGENTS 
AND STREAMS

120
ADDITIONAL FULL-TIME 
JOBS CREATED ONCE FULLY 
FUNCTIONAL IN 2027

78-83_EAAUG25_AlphaHPA.indd   81 23/7/2025   1:31 PM



Our HPL culverts are setting new 
standards and proving a very cost-effective 
alternative to pre-cast concrete.

Roundel’s HPL PE-coated steel 
culverts offer significantly improved 
durability performance compared 
to traditional Z600 galvanised steel.

HPL is fully compliant with AS / NZS 2041.4, ASTM A742, 
and has been extensively tested locally to demonstrate a 
100-year life, with exceptional abrasion performance. It is 
available for internal and / or external surfaces depending 
on your requirements.

The coating’s superior performance has been widely 
recognised by the major mining companies, nation-wide State 
Departments such as MRWA, TMR, DELWP and ARTC.

Roundel welcomes your inquiries for HPL-coated culverts, 
traditional Z600 galvanised culverts and our wide range of 
B200 and B381 bolted, corrugated steel structures.

WA 08 9404 5391   QLD 07 4789 6700   
General 1800 194 746   roundel.com.au
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General 1800 194 746   roundel.com.au

INQUIRIES  
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o r al ’ s B errim a C em ent W orks sup p l ies 
ap p rox im atel y 4 0  p er c ent of  th e 
c em ent used in NS W  and th e AC T ,  
making it a critical asset in Australiays 
construction industry.

T h e tec h nol ogy beh ind a c h l orine 
bypass, commissioned in �0��, will enable the firm 
to meet its decarbonisation targets and reduce its 
rel ianc e on em issions- intensiv e f uel s suc h  as c oal ,  
driving smarter, cleaner cement manufacturing.

The integration of the chlorine bypass will allow 
the cement works to increase its use of alternative 
fuels to 60 per cent by �0�6. Additionally, the system 
contributes to a reduction in the emissions intensity 
of clinker production by up to 11 per cent due to 
decreased calcination emissions and some improved 
thermal eăciency.

Managing the transition
Boral made a strategic decision in �01¥ to pivot away 
f rom  c oal  in f av our of  biom ass and oth er z ero- c arbon 
f uel s,  a c ourse wh ic h  a num ber of  c em ent p l ants 
around the world had already adopted.

“ W e dec ided on th e byp ass bec ause we h av e one 
kiln which produces about 1.� million t of clinker 

B
P�%eyO/e ţne at %i$% 
temperatures, but when 
operating at cooler 
temperatures, potassium 
and sodium chlorides 
become solid – which 
builds up deposits in 
the system.”

A new chlorine bypass system at Berrima 
Cement Works will double the use of 
alternative fuels at the plant over the next 
three years, reducing its carbon emissions 
by up to 150,000 t annually.

WORDS BY ELLE HARDY

Cementing
resilience
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ABOVE:
B o r al ' s B e r r i m a 
C e m e n t  W o r k s.

diox ide,  th e f ac il ity was al ready 
ahead, but it wanted to continue to 
reduc e its c arbon f ootp rint.

Ramankuħy said Boral began 
its transition to using waste-
derived fuels conservatively. “We 
used wood from construction 
demolition waste, which is quite 
a benign fuel to burn as it doesnyt 
have many nasties in it – but the 
av ail abil ity of  th is f uel  is l im ited. ”

Tasked with reaching 60 per >

cent coal substitution by �0�6, the 
engineers had to consider waste-
deriv ed sourc es of  f uel ,  suc h  as 
PVC plastics, which presented 
a tec h nic al  h urdl e due to th e 
substantial amounts of chlorides 
and sulfides they contain.

“When burning different fuels 
in the kiln, there is a lot of volatility, 
particularly related to chloride, 
sulfide and the alkali cycles,” 
Ramankuħy said. “They’re fine 

annual l y,  wh ic h  th en m akes th e 
cement,” Rajeev Ramankuħy, 
Boral’s Executive General 
Manager of Cement, told create.

“Every tonne of cement 
produced at Berrima generates 
around 6¥� kg of carbon dioxide, 
with 6� per cent coming from the 
decomposition of limestone and 
the other �� per cent from fuel.”

With the industry standard for 
clinker usually at ¥00 kg of carbon 
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at h igh  tem p eratures,  but wh en 
operating at cooler temperatures, 
potassium and sodium chlorides 
become solid – which builds up 
dep osits in th e system . ”

Such build-ups are extremely 
diăcult to manage, causing 
blockages that can interrupt 
operations or even force a full kiln 
shutdown. They also present a 
safety risk because the materials 
are so hot they flow like water, and 
have been responsible for severe 
burn incidents at other facilities 
around the world.

�%e ni͵y $/i͵y
Managing and mitigating chloride 
content in gas streams is crucial 
for both operational eăciency 
and environmental compliance in 
cement manufacturing. 

“The chlorine bypass process 
begins by extracting the gas 
stream, which contains chlorides 
among other compounds. This gas 
exits the kiln system at extremely 
high temperatures, typically 
around 1 , 2 0 0 ° C .

“ I t th en goes th rough  an air 
quenching system housed in 
a mixing chamber, where it is 
mixed with atmospheric air, and 
th e tem p erature drop s to about 
�00�C. A vertical heat exchanger 

“The pace at which we have 
*o3e! is /eally i*p/essi3e 
co*pa/e! to Bot%e/C *o/e *at2/e 
co2nt/ies 4%ic% %a3e $one 
!o4n t%is pat%T �o*e �2/opean 
co2nt/ies a/e �2/nin$ @8_A8 pe/ 
cent 4aste #2elU an! t%atOs 
4%e/e 4e 4ant to �eTQ

then further reduces the 
temperature to less than �00�C.”

This staged cooling is essential 
because chlorides, which are 
initially present in gaseous 
form, begin to solidify once the 
temperature drops below their 
melting point of around 700�C.

�nce solidified, the chloride 
particles can be eăciently 
captured using a bag filter system. 
The resulting dust can then be 
recovered by shaking the filter to 
release the dust. 

“ T h e reason wh y you need 
to cool down is that bag filters 
donyt like very high temperatures,” 
Ramankuħy said. The recovered 
dust, rich in chlorides, is then 
reintegrated into the cement 
grinding process, further reducing 
plant waste. “While there are 
regulatory limits on chloride 
content in cement, this system 
allows us to remain well within 
th ose standards. ”

	2elin$ t%e ţ/e
Moving from coal to alternative 
fuels in cement production has 
three key environmental benefits: 
the straight reduction in carbon 
emissions from tripling the use
of waste-derived fuels, 
transforming waste liabilities into 
energy assets,  and easing th e 
burden on landfill systems. 

Presently, the Berima plant
uses a mixture of products, 
including wood chips, used 
automobile tyres, and refuse-
derived fuel, the laħer of
which is responsible for most
of the chlorides. 

With emissions reduction 
on track, the engineers are now 
turning to a broader range of 
materials that would otherwise 
be destined for disposal. “We’ll be 
looking at things like recovered 
industrial waste oil, and shredding 
plastic wrappers and other light 
packaging materials into very 
fine particles for combustion,” 
Ramankuħy said.

The diversity of alternative 
fuels helps in securing their 

THE CEMENT INDUSTRY’S 
COMMITMENT TO 
REDUCING ITS EMISSIONS

4.9% p/a
BY THE NUMBERS

30%
ALTERNATIVE FUEL 
SUBSTITUTION USING OF

73,000 t
OF WASTE-DERIVED PRODUCTS

75,000 t
REDUCTION IN 
SCOPE 1 EMISSIONS

47,000 t 
OF COAL EACH YEAR 
WILL BE DISPLACED 

683 kg
OF CARBON DIOXIDE IS 
PRODUCED FOR EVERY TONNE 
OF CEMENT AT BERRIMA

ABOVE:
R afee� !amanhu�yķ 
B o r al .
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ABOVE:
�peratin] the hiln 
at the �errima 
=acility.

l ong- term  sup p l y.  T h e byp ass' s 
flexibility in being able to use any 
type of fuel also avoids build-up 
in the process, which is key to 
alternative fuel program success.

“The way to look at the 
bypass is that it is the key enabler 
in unlocking the potential of 
burning fuels,” Ramankuħy said.

By allowing the kiln to tolerate 
fuels with high chlorides, sulfides 
or other volatile contents, it 
ensures the safe processing of 
more diăcult-to-handle waste, 
which it often considered 
undesirable due to the operational 
risks it poses.

This expands sourcing options 
and adds economic value.

“In some cases, we receive gate 
fees for accepting and processing 

specific waste fuels – otherwise it 
can cost between ��00 and ��00 
per tonne just to put it in landfill.”

Burning ambitions
The benefits of the bypass 
system show it is more than 
just a technical upgrade – it’s an 
investment in long-term resilience. 
It allows the Berima plant to burn 
a broader range of alternative 
fuels safely and eăciently, 
while cutting carbon emissions, 
reducing landfill pressure and 
creating new income streams. 

After a feasibility study 
highlighted the benefits of the 
bypass system for the cement 
works, it required a substantial 
capital investment of around 
��0 million, with the NSW 

Government supporting the 
project with a grant amounting to 
almost a quarter of the cost.

Since the bypass came online, 
it has tripled the plant’s alternative 
fuel use to around �� per cent, 
with a clear pathway to the 60 
per cent target. In the process, 
it will help Boral to reach its �0�0 
decarbonisation targets. 

However, Ramankuħy said 
the engineers don’t intend to 
stop  th ere.

“The pace at which we have 
moved is really impressive 
compared to nothero more mature 
countries which have gone 
down this path. Some European 
countries are burning ¥0-90 per 
cent waste fuel, and that’s where 
we want to be.” □
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Join us as we recognise the brilliant 
changemakers turning bold ideas into 
reality. The gala dinner is the premier 
celebration of engineering excellence. 
Indulge in premium hospitality, inspiring 
company and a night like no other. 
This is the room you want to be in.

Thursday 13 November
Doltone House, 
Jones Bay Wharf, Sydney

Engineering’s night of nights
Excellence Awards gala dinner 2025

Learn more

Pictured - Engineering Project of the Year 2024 Winner
The New Fitzroy Bridge River Project
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C r y p t o sp o r i d i o si s,  a waterborne disease c aused by th e 
p arasite C ryp tosp oridium ,  is sp read by inf ec ted f aec es,  and 
c auses watery diarrh oea and stom ac h  c ram p s.

A widesp read outbreak of  c ryp tosp oridiosis inf ec ted 
at l east 4 0 0 , 0 0 0  p eop l e in M il waukee,  W isc onsin,  in Ap ril  

199� after being transmiħed through the public water supply. Residents 
reported a range of symptoms including watery diarrhoea, abdominal 
cramps, fever and vomiting.

An estimated 69 people, predominantly people living with AIDS, died 
as a result of the cryptosporidiosis outbreak. It had a substantial health 
care and social impact, costing an estimated ��1.7 million in total medical 
costs and �6�.6 million in lost productivity.

Turbidity trouble
Initially, the reasons for the 
outbreak rem ained unc l ear.  
Theories abounded, including 
contaminated melting water from 
nearby Lake Michigan entering the 
water sup p l y.

In an article published in T h e 
New England �ournal of Medicine, 
Mac �enzie et al. identify the cause 
as c ryp tosp oridium  ooc ysts,  wh ic h  
carries the infection between 

Outbreak
Words by Lachlan Haycock

After more than 400,000 people were infected 
with a waterborne disease in Milwaukee in 

1993, a new federal regulation was introduced 
to improve water treatment standards.

DISASTER
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“Water-quality 
standards and the 
testing of patients 
for cryptosporidium 
were not adequate to 
detect this outbreak.”

unl ike th e p l ants inv ol v ed in 
th e p rev ious outbreaks [ of  
c ryp tosp oridiosis in th e U S ] ,  
th e M W W  p l ant h ad no ev ident 
m ec h anic al  breakdown of  its 
flocculators or filters.

“Inspection of the southern 
p l ant rev eal ed th at a stream ing-
c urrent m onitor,  wh ic h  c an aid 
plant operators in adjusting
th e dose of  c oagul ant,  h ad 
been inc orrec tl y instal l ed and 
thus was not in use. In addition, 
monitors designed for continuous 
m easurem ent of  th e turbidity
of filtered water were not
in operation.”

W ater at both  M W W  p l ants was 
treated with a range of methods. 
T h is inc l uded p ol yal um inum  
c h l oride,  a c oagul ant designed 
to enhance the formation of 
larger particulatesU mechanical 
flocculation, which encourages 
the particulate maħer to clump 

hosts, entering the filtration 
system  of  H oward Av enue W ater 
Purification Plant, a large plant in 
the city’s south.

W ater f rom  Lake M ic h igan was 
obtained by M il waukee W ater 
W orks (M W W ) and sup p l ied to 
businesses and h om es around th e 
city. Treated water, later supplied 
to customers, was investigated 
by Mac �enzie et al., and found to 
h av e an inc reased l ev el  of  turbidity 
(wh ic h  desc ribes th e h az iness of  
waterm. Turbidity levels became 
“unprecedented” for the period of 
�� March to � April.

As sh own in F igure 1 ,  turbidity 
l ev el s rose in th e sec ond h al f  
of  M arc h  bef ore p eaking 
multiple times at or above 1.� 
nephelometric turbidity units.

 “ W ater- q ual ity m easurem ents 
at th e M W W  south ern p l ant were 
within the required limits,” Mac 
�enzie et al. wrote. “However, 

Figure 1: Maximum turbidity levels in March-April 1993
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togetherU sedimentation and rapid 
sand filtration. The filters were 
cleaned by backwashing them 
with water that was later recycled 
through the treatment process.

Turbidity peaks of 1.7 NT� 
on �¥ and �0 March 199� were 
in spite of an adjustment of the 
polyaluminum chloride dose 
at the Howard Avenue Water 
Purification Plant.

Mac �enzie et al. concluded 
that “water-quality standards 
and the testing of patients for 
cryptosporidium were not 
adequate to detect this outbreak”.

“The number of both laboratory-
confirmed and clinically defined 
cases of cryptosporidium infection 
with an onset of illness before 
n�� Marcho, when the turbidity 
of treated water increased, was 
higher than expected, suggesting 
that cryptosporidium oocysts
had entered the water supply 
before the increase in turbidity
was apparent.

“This occurrence would 
not be without precedent. In 
England, a waterborne outbreak 
of cryptosporidium infection 
associated with a filtered water 
supply occurred while the turbidity 
of treated water remained less 
than 0.� NT�.”

shutdown if the filtered water’s 
turbidity exceeded 0.� NT�. 
More frequency monitoring of the 
particulars in both untreated and 
treated water was also instituted.

Mac �enzie et al. suggested 
improved monitoring processes are, 
unsurprisingly, critical to ensuring 
higher standards of water quality.

“�ntil an inexpensive, rapid 
and sensitive means of detecting 
and quantifying cryptosporidium 
in treated water is available, we 
believe that water-treatment 
plants should consider instituting 
continuous monitoring of treated 
water for turbidity, particularly of 
filter eĐuent, and particle size.

“Plant design and water-
treatment procedures should be 

Changed regulations
�ne of the contributing factors in 
the failure to prevent high turbidity, 
Mac �enzie et al. wrote, was the 
diăculty in identifying the right 
amount of polyaluminum chloride 
in the water. To address this, the 
MWW reinstalled the streaming 
current monitor after it became 
clear contamination had occurred.

“The recycling of filter
backwash water may increase
the concentration of oocysts in 
water passing through filters. 
Therefore, this practice has
been discontinued.”

Further, the MWW installed 
continuous turbidity monitors on 
each filter bed, complete with an 
alarm system and an automatic 

“Plant design and water-
treatment procedures should 
be improved to maintain the 
quality of treated water at a level 
that will make the presence 
of oocysts unlikely.” IM
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A cces s  ref erences  
f or th is  s tory .

  m ents taken eac h  m onth ,  
  wh il e not ex c eeding 1 . 0  
  NT� at any time.

ִ  Existing requirements for
  the removal of Giardia
  lamblia and viruses should
  be continued. This included
  a �-log removal or   
  inactivation of Giardia and a
  �-log removal or
  inactivation of viruses.

ִ  All surface water systems
  serving 10,000 people or
  more must achieve at
  least a �-log removal of
  Cryptosporidium.

ִ  New microbial profiling
  and benchmarking
  requirements should
  be followed. □

improved to maintain the
quality of treated water at a level
that will make the presence of
oocysts unlikely.”

The crisis precipitated a new
federal regulation that led to
extensive water testing. The
Interim Enhanced Surface Water
Treatment Rule lIESWTRm was
introduced to enhance the removal
of particulate maħer from drinking
water treatment systems.

Critically, expanded reporting
requirements were instituted.
The rule mandated that:

ִ  The combined filtered
  water eĐuent turbidity
  must be less than or equal

 to 0.� NT� in 9� per cent
 or more of the measure- 

 LOCAL PARALLEL

C r y p t o sp o r i d i u m  an d  G i ar d i a 
p at h o g e n s we r e  i n ad v e r t e n t l y  
r e l e ase d  i n t o  t h e  wat e r  su p p l y  i n  
S y d n e y  i n  J u l y - S e p t e m b e r  1 9 9 8 ,  
c au si n g  a wat e r  c r i si s.  R e si d e n t s 
ac r o ss t h e  c i t y  we r e  t o l d  t o  b o i l  
t h e i r  wat e r  t o  m i n i m i se  t h e  c h an c e  
o= in=ection. 

A n  i n q u i r y  c o m m i ssi o n e d  b y  
t h e  N S W  G o v e r n m e n t  m an d at e d  
a clearer 7elineation o= 7uties =or 
S y d n e y  W at e r  an d  t h e  S y d n e y  
C at c h m e n t  A u t h o r i t y ,  an d  
i m p r o v e d  m o n i t o r i n g  o f  wat e r  
treatment =acilities.
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ABOVE: A drawing 
of New York’s 
Pneumatic
Passenger Railway 
in 1867.

THE LOOK BACK

Pneumatic tube transport may seem 
to have gone the way of steam 
engines, but its unique characteristics 
mean not only does it live on, but so 
does the dream of pneumatic transit.

i c t u r e  th e sc ene:  a 
wealthy, high-profile 
inv entor m akes 
headlines in cities 

ac ross th e U S ,  p rom ising to 
revolutionise transit by using air 
p ressure to c onv ey p assenger 
carriages down a tightly fitting 
tube at unheard-of speeds.

We’re not talking about a 
�01�-era Elon Musk touting
the hyperloop, but the 1¥70 
creation of New York’s first 
subway – Alfred Ely Beach’s 
Pneumatic Transit.

Built in secret, the short 
demonstration line ran beneath 
Broadway for just 90 m. A single, 
ric h l y up h ol stered c arriage seated 

P

Pneumatic 
conveying

to p rop el  c yl indric al  c arriers 
through networks of tubes. 
Their speed and low operating 
c osts m ade th em  im m ensel y 
popular for moving small items 
– mail, documents, cash, even 
merchandise – within and 
between businesses. In Scotland’s 
Aberdeen, a pneumatic line 
connected the fish market to the 
post oăce to speed the sale of the 
perishable commodity.

Some at the time were thinking 
bigger than a few leħers. In 
1¥60s London, for example, a 
few kilometres of tunnels 1�0 cm 
wide carried carriages bearing 
up to 6 t of parcels land even the 
occasional passengerm at �0kmch.

The fullest expression of the 
potential of pneumatic dispatch 
systems might have been the 
Poste Pneumatique of Paris.

Construction began in 1¥66. 
By 19��, it had expanded to ��7 
km of route, connecting 1�0 post 
and telegraph oăces. In 19��, 
it was handling an estimated 
�0 million shipments annually. 

Words by James Chalmers
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�� and fit snugly inside the �.� m 
wide tunnel ,  p rop el l ed al ong at 
16 kmch by a �� t steam-powered 
Roots blower. When it reached 
the end of the line, it tripped a 
switch, reversing the blower’s 
baĐes and pulling the carriage 
back. In its first year, it carried 
more than �00,000 people.

While this pneumatic transit 
line never took off, it came at the 
beginning of a golden age for 
pneumatic transport.

Quick dispatch
The first known pneumatic tube 
transport system, built in 1¥��, 
connected the London Stock 
Exchange to a telegraph company 
�00 m away, allowing for timely 
financial news to be shared 
and rep l ac ing runners wh o h ad 
carried messages between
the buildings.

Within decades, pneumatic 
systems had been installed 
ac ross th e U K ,  Europ e and 
North America. They used 
c om p ressed air or v ac uum s 
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It finally closed to the public 
in 19¥�, while a government 
system stayed in use until �00�.

Route blockers
These systems posed numerous 
engineering challenges beyond 
planning and building the system. 
They included maintaining the 
system’s airtightness, preventing 
and locating the leaks that 
could sap the eăciency and 
performance of the system.

The most critical challenge, 
however, was dealing with 
the blockages that could halt 
operation entirely. When carriers 
got stuck, operators would first 
try reversing airflow to dislodge 
them. If that failed, many deployed 
specialised, markedly heavier 
carriers to shunt them free.

For more stubborn 
obstructions, one solution was 
to fire a pistol near the tube 
opening. A recording cylinder 
and chronograph were used to 
precisely time the returning echo, 
allowing operators to pinpoint 
the obstruction’s location before 
physically accessing the tube.

Hospital efficiency
While pneumatic transport 
systems have fallen from public 
view, overtaken by newer 
technologies, they remain popular 
in a surprising number of niches. 
The most widespread is probably 
health care. Most major hospitals 
still use pneumatic transport 
systems, facilitating rapid and 
hygienic movement of pathology 
samples, medication, documents 
and blood products.

In �016, the newly built Royal 
Adelaide Hospital unveiled 
the southern hemisphere’s 
largest pneumatic tube hospital 
system. The network serviced 
by its 7� stations, features many 
advancements missing from 
pneumatic transport’s golden 
age, including real-time carrier 
tracking, powered by radio-
frequency identification.

Pneumatic tube systems are 

high-speed passenger and freight 
transportation system, composed 
of capsules in low-pressure tunnels, 
kept at 1 hectopascal – less than 
1c1000th of sea-level air pressure. 
Friction would be minimised 
by using air bearings. Later 
iterations of the concept proposed 
electromagnetic propulsion.

In the following decade, 
proposals to plan and build 
hyperloop routes emerged 
everywhere from the �S to South 
�orea to India to Norway. Backers 
argued the technology offered 
numerous advantages over 
high-speed rail, including speeds 
potentially near-sonic, reduced 
energy demands and simpler 
construction. However, despite 
countless press releases and 
promotional mock-ups, not even
a full-scale prototype has yet
been demonstrated.

The challenges that have 
dogged these projects range 
from regulatory – getting 
approval to build dead-straight 
tunnels between major 
population centres is no small 
task – to technical.

“A steel tube on pylons,” wrote 
Canadian Professor Emeritus 
Vaclav Smil, “would have to be 
engineered to maintain the 
thousandfold pressure difference 
between its inside and outside 
walls that threatens to crush it, 
and it would have to do so reliably 
along hundreds of kilometres of 
the track while also supporting 
the pressure generated by the 
rapidly moving pods and coping 
not just with overall thermal 
expansion along its course, but 
with the differential thermal 
expansion between the tube’s top 
and boħom.” □

also still often found in banks and 
casinos, where the technology 
allows for highly secure movement 
of cash and other valuables.

The broadest application of 
pneumatic transport systems do 
away with canisters altogether. 
Pneumatic conveying systems are 
found throughout the materials 
handling world, popular for 
moving dry-bulk materials and 
powders, from sugar to mineral 
ore to cement. Some of these 
systems can easily transport 
upwards of 60 t an hour while 
minimising dust and spillages. 

There are even a few 
examples of pneumatic garbage 
collection, including on New 
York’s Roosevelt Island.

Pipe dreams
Almost exactly 1�0 years after 
New York’s Pneumatic Transit 
line carried its last passenger, 
the concept got a high-pressure 
boost when Elon Musk published 
a white paper proposing a so-
called hyperloop. 

The paper described an ultra 

BELOW:
A pneumatic tube 
transporter in a 
hospital; the
hyperloop concept.
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Events AUGUST to NOVEMBER 2025

Location: Adelaide
Website: wc2025.org
Don’ t m iss th e worl d’ s l eading f orum  
f or biom edic al  engineering and m edic al  
physics. �oin more than 1000 scientists, 
engineers, researchers and health 
innov ators to ex p l ore th e f uture of  
sustainabl e and eq uitabl e h eal th  c are.
Last chance to register.

IUPESM World Congress 
on Medical Physics 
and Biomedical 
Engineering 2025 

29 Sep–4 Oct 2025
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BE

R

Location: Adelaide 
Website: engineersaustralia.org.au/cse
Designed by engineers, for engineers, 
this is your final opportunity to join the 
conversation shaping solutions for our 
climate reality. Seats are limited, so act fast to 
sec ure your p l ac e.
Last chance to register.

27-28
AUG 2025
Climate Smart 
Engineering 
(CSE) Conference 
2025 

NO
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M
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R

11-19
SEP 2025
Engineers 
Australia 
Excellence 
Awards local 
events 

Location: Various 
Website: engaus.org/excellenceawards
Recognise local impact and join us across the 
country as we announce our national finalists 
for each division in the project and people 
c ategories and unv eil  th e winners of  th e 
Ac h iev em ent Awards.
Register now.

10-14
NOV 2025
Australasian 
Tunneling 
Conference 2025

25-28
NOV 2025
Hydrology and 
Water Resources 
Symposium 2025  

Location: Perth
Website: atc2025.com.au
�oin leading professionals, engineers 
and innovators for five days of keynotes, 
cutting-edge technical sessions and in-depth 
disc ussions on th e l atest adv anc em ents and 
c h al l enges in th e underground industry.
Register now.

Location: Canberra
Website: hwrs2025.com.au
Experts and policymakers from Australia and 
the Asia-Pacific will explore resilient water 
solutions amid climate challenges. Gain 
insigh ts f rom  ex p erts sh ap ing th e f uture of  
hydrology, policy and water management.
Register now.

Location: Adelaide 
Website: coastsandports2025.com.au
Take a deep dive into multidisciplinary 
c h al l enges in c oastal  and p ort engineering 
at th is year’ s Austral asian C oasts and 
Ports Conference.
Last chance to register.

AU
GU

ST

18-21 
AUG 2025
Australasian 
Coasts and 
Ports Conference 
2025

Location: Sydney
Website: engaus.org/excellenceawards
�oin us for a prestigious black-tie gala 
dinner as we c el ebrate th e p eop l e and 
projects redefining what’s possible in 
Austral ian engineering.
Registrations open in September.

Engineers Australia 
Excellence Awards 
gala dinner 

13 Nov 2025
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EXPERIENCE

Find your niche
M ore th an j ust an onl ine f orum ,  
R eddit c an be a sourc e of  h el p f ul  
information. Catch up on the latest 
engineering news,  network with  
peers and ask questions about 
others’ work.
reddit.com/r/engineering

World at your fingertips
F rom  deep  div es into th e 
latest innovative construction 
tec h niq ues to m ust- v iew p ersonal  
dev el op m ent webinars,  th ere’ s 
a liħle bit of everything on EA 
�nDemand.
https://bit.ly/4h6v5wv

RESOURCE 
RECOMMENDATIONS

CIVIL
B asi c  an d  d r y i n g  c r e e p  o f  
u l t r a- h i g h  p e r f o r m an c e  c o n c r e t e

This study demonstrated that there 
is liħle difference in magnitude 
between basic and drying creep, 
indicating that basic creep is the 
governing mechanism.
https://bit.ly/44SRyLd

ELECTRICAL
M u l t i m o d al  k n o wl e d g e  g r ap h  
c o n st r u c t i o n  f o r  i n t e l l i g e n t  
q u e st i o n  an swe r i n g  sy st e m s:  
i n t e g r at i n g  t e x t ,  i m ag e ,  an d
au d i o  d at a

This study proposes a multimodal 
knowledge graph construction 
f ram ework th at c om bines adv anc ed 
m ac h ine- l earning tec h niq ues with  
h um an guidanc e to address th is 
challenge.
https://bit.ly/3SQvA43

WATER
In si g h t s f r o m  e x p e r i e n c e  an d  
av e n u e s f o r  c h an g e :  a c o n c e p t u al  
f r am e wo r k  f o r  l e ar n i n g  an d  
ap p l y i n g  f u t u r e s t h i n k i n g  i n  t h e  
wat e r  se c t o r

This paper proposes a theoretical 
framework for the iterative learning 
and application of futures thinking 
in water gov ernanc e,  and h ow 
that learning and application can 
be expanded through reflexivity 
towards transformation.
https://bit.ly/43AFKuF

MECHANICAL
E x p e r i m e n t al  st u d y  an d  m u l t i -
o b j e c t i v e  o p t i m i sat i o n  o f  C N C  
t u r n i n g  p ar am e t e r s o f  A L 6 0 6 1  
m at e r i al s

This paper investigates the 
effectiveness of feed rate, depth
of cut and cutting speed on
m aterial  rem ov al  rate and surf ac e 
roughness of CNC lathe machines 
on AL6061 materials.
https://bit.ly/4jCZh3P

Engineers Australia 
members have access to 
a plethora of technical 
journals free of charge.

Mapping the industry
The New Atlas website captures 
dev el op m ents in areas as div erse 
as robotics, quantum computing, 
transport, AI and medical devices.
newatlas.com

Resources
JOURNALS
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THE LESSON LEARNED

Dr Helen Edmonds was a newly minted 
graduate when she found herself 
in unfamiliar territory performing 
quantitative risk analysis for off shore 
oil and gas platforms in the North Sea.

I was working in Aberdeen about 
10 years aft er the Piper Alpha 
disaster that killed 167 workers. 
The regulati ons for off shore 
rigs had shift ed dramati cally. 
Every platf orm operator had to 
submit a safety case proving 
that individual risk was below 
the risk of fatality of a deep-sea 
fi sherman. I landed a job with 
DNV (Det Norske Veritas) doing 
quanti tati ve risk analysis on some 
of the biggest off shore projects.

My job was to model all 
the hazards: from helicopter 
travel to dropped objects to the 
consequences of a gas leak igniti ng.

I fi rst trained as a civil engineer 
back in the 90s. During my degree 
I did some work experience in 
water engineering and hydraulic 
modelling, so when I found it 
hard to get work on graduati on, I 
decided to go back to study for a 
PhD in fl uid mechanics. This made 
me desirable to DNV who liked to 
hire “smart, numerate people” and 
skill them up on the job.

Dr Helen Edmonds 
FIEAust CPEng EngExec

I had confi dence in my 
abiliti es and assumed that this 
would neatly translate into any 
engineering fi eld. But suddenly 
I was assessing fatality risk to 
the people working on these 
rigs. The stakes were high and I 
found that the translati on of skills 
wasn’t as smooth as I expected.

While I could grasp the 
physical principles behind things 
like gas dispersion and igniti on, I 
didn’t know enough to tell if my 
modelling outputs were sensible. 

It all came to a head when I was 
working on a risk assessment for 
the expansion of a Conoco gas 
complex. I made some basic but 
criti cal mistakes, such as inputti  ng 
data in the wrong data units. 

The models ran, but the 
outputs were clearly way off . 

The numbers didn’t make 
sense, deadlines slipped and 
tempers frayed. With these 
projects, every day delayed came 
at a huge fi nancial cost. I doubled 
down, looking to myself to try to 
solve the problem, but eventually 
it became obvious I needed help 
– so I approached the project 
manager. He was understandably 
frustrated at fi rst, but he then 
helped me trace the problem back 
to incorrect inputs. 

That experience taught me 
a foundati onal lesson: start by 
questi oning your inputs, not your 
outputs. Rubbish in, rubbish out. 
You can’t just trust a number. 
You need to understand where 
it came from and what it means. 
And making sure you use the 
correct units might help too. 

It’s a lesson I sti ll carry with 
me. Now, leading a wastewater 
uti lity in local government, I 
oft en ask my team: “What is that 
assumpti on based on? Where 
does the underlying data come 
from?” And if they can’t tell me, we 
dig deeper.

I’ve also learned the value of 
building a network. I’m naturally 
introverted, but over ti me I’ve 
developed a circle of peers I can 

call on when I need a second 
opinion. We’re part of a 

profession. But more than 
that, it’s a community 
of knowledge. As an 
engineer, you’re never 
as alone as you think. □

KEY LESSONS

01
Always check 
your inputs. 
Get them right 
before you model 
anything.

02
Interrogate 
assumpti ons. 
Don’t rely on 
insti nct alone.

03
Lean on your 
network. 
Engineering is a 
team sport.

As told to Joe Ennis

Dr Helen Edmonds 
FIEAust CPEng EngExec 

is Head of Wastewater 
at Mount Barker 
District Council in South 
Australia, and a member 
of the Engineers Australia 
College of Leadership and 
Management.
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Austube Mills 
Australian 
sites receive 
SSA certification

AUSTUBE MILLS PTY LTD
Acacia Ridge, Qld
146 Ingram Rd, Acacia Ridge, QLD 4110, Australia

Certification L1 (V1.4)

Valid: 21 January 2025 to 21 January 2026

Steel Sustainability Australia, operating under the Australian Steel Institute hereby
certifies that this Company, at the nominated Site Location, is compliant to the
requirements of the Steel Sustainability Australia Certification Program according to
the SSA Certification Level and the Exclusions as stated above.

SSA6986-197-219-2025

AUSTUBE MILLS PTY LTD
Newcastle, NSW
51 Industrial Drive, Mayfield, NSW 2304, Australia

Certification L1 (V1.4)

Valid: 21 January 2025 to 21 January 2026

Steel Sustainability Australia, operating under the Australian Steel Institute hereby
certifies that this Company, at the nominated Site Location, is compliant to the
requirements of the Steel Sustainability Australia Certification Program according to
the SSA Certification Level and the Exclusions as stated above.

SSA6986-196-218-2025

1st
Austube Mills 
are the first 
SSA L1 certified 
tube mills in 
Australia

Our two sites in Australia 
are now certified in 
their capacity to supply 
sustainable steel to our 
customers

SSA
certifiedtube mills 

in Australia
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• Reinforced backfill applications
• Soil-structure interaction
• Precast concrete solutions
• Geosynthetics
• Environmental hazard protection

www.geoquest-group.com.au

becomesREINFORCED EARTH
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