cIyIL =
ENVIHOMMENTA]
ENINEERING
HESEANCH]
FUTURES

@ 22/6/18 6:14 pm ‘



1 [ UEEEm ®

| ABOUT US

THE UNSW School of Civil & Environmental Engineering is internationally ranked
by AWRU and QS World University Rankings as the premier School of its kind in
Australia and as one of the world’s top twenty.

The School is committed to advancing a more prosperous, safe and just society.
Our courses emphasise sustainability and a consideration of engineering impacts,
with an integrated and inter-connected view of the world. We continue to forge ahead
with innovative research fields, new educational courses, and an ever expanding
network of industry connections.

Our Centres and discipline groups provide focal points for our eighty
researchers to contribute to global efforts in innovative civil, environmental
and geospatial engineering research. We have a five out of five research
ranking from the Australian Federal Government (ERA) and have won over
150 highly sought after Australian Research Council grants and fellowships.
With strong interdisciplinary and external industry collaborations - and with mentorship
provided to our great young researchers — we aim to continue our leadership in
research and teaching excellence.
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WELCOME TO this special research
futures edition from UNSW Civil &
Environmental Engineering (CVEN),
profiling just some of the amazing work
being undertaken at the School by our
globally acclaimed researchers.

Our School is at the forefront of
civil, environmental and geospatial
engineering research, working annually
with over 100 industry and government
organisations. Indeed, the importance
we place on the movement of our
research to industry practice cannot be
overstated.

This booklet is the outcome of a
recent research industry futures forum which the School
hosted in Sydney. Engineers, scientists, managers and
policy makers from forty five organisations, ranging from
small innovative start-ups to global engineering companies,
as well as local and state government, came together with
our researchers to listen, share and sometimes argue, on the
contemporary hot engineering topics of smart cities, resilient
communities, disruptive technologies, and sustainability and
social justice.

Our aim with the Forum was not just to share our capabilities
and achievements, but to listen to industry needs, and
to explore together future challenges, possible solutions,
projects and ongoing relationships. We believe that industry
and universities have extensive opportunities to work together
in the coming years, particularly as new technologies change
existing engineering and manufacturing practices.

This booklet shares some of ourresearch insights and visions
for local and global futures in construction, environmental,
geospatial, infrastructure, transport, and water engineering in
the new digital, disruptive diverse world.

Professor Stephen J Foster
Head of School
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| TRANSPORT FUTURES

SAME, SAME BUT DIFFERENT?

rCITI leaders: A/Prof Vinayak Dixit and
Prof Travis Waller — It is only when you put a number
on an issue that you can enact real change

OBILITY IS at the heart of transport engi-
neering. To get to where we want to go swiftly,
easily, efficiently and sustainably seems to
have become an inalienable right in the mod-
ern world.

Maybe it has always been so. Iron age humans no doubt
wanted to travel with speed and safety to attain food and tools,
to gather with others and to explore. The need to move freely
is fundamental to our existence on this planet and as true in
a village in rural India as it is in any modern city. But regional,
historical and wealth distinctions become apparent in acces-
sibility to modes of travel and available technologies.

So, while our basic needs may be the same across time
and space, transport in an urban centre like Sydney is go-
ing through widespread and fundamental change, the like of
which has not been seen for over a century.

Advisian Professor of Transport Innovation Travis Waller ar-
ticulates some of the challenges facing the profession in the
midst of such rapid transformation: “We currently have dis-
ruptive technologies, big data, autonomous vehicles, elec-
tric vehicles, alternative fuels, shared economies, connected
travellers, connected vehicle fleets, on demand public and
private transport, subscription cars all happening at once.”

As the transport domain changes, engineers must let go
of historical assumptions. No longer are travellers confined
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to a limited range of transport
modes. Historically it has been a
question of | own a car or | don't.
Now we move between modes
more fluidly. Maybe | subscribe to
a car, only using it for critical trips,
while at other times | cycle or take
a bus. As Waller says, “Individuals
are changing how they travel, but it
is government and engineers who
need to plan around that highly
disruptive and ever-changing reali-
ty. A daunting task, but an exciting one for researchers.”

No longer is transit design built solely around physical sta-
tions and stops. Here is the bus stop and there are only a
few of them. Now with smart phones and on demand transit,
any intersection becomes a virtual bus stop. Scheduling and
servicing design needs to accommodate a changing and
fluid on ground reality.

The contemporary reality is that everyone carries a data
generating and receiving device. This has many implica-
tions, some of which have recently emerged, some yet to be
understood. We have so much information, yet this is not a
cure-all.

“I receive, through my smart phone, transport information
that is reliable and correct, so, | become a better self-op-
timiser, better at finding a quicker, smoother, less crowded
ride,” says Waller. So far, so good. When self-optimisation
aligns with system optimisation that is indeed a wonderful
thing. But when it differs it causes confusion. So how do en-
gineers design a reality that aligns self and system optimi-
sation, where the self-optimiser still helps the system? “This
can be achieved,” says Waller, “ through effective develop-
ment of algorithms, route and city design, quantitative tools
and behavioural incentives, such as reduced pricing, that
create right behaviour for the system as a whole.”

No longer is transport modelling about average conditions:
“This is not what people care about. We did that historically
because we didn’'t have data. Now GPS means we can have
second to second data about individual trips.”

No longer can we assume that public transport is a gov-
ernment delivered service with public good and system op-
timisations as its main objectives. Vinayak Dixit, Deputy Di-
rector of UNSW’s Research Centre for Integrated Transport

Innovation (rCITI) believes this shift has huge implications.
“If service mobility is now being provided by private players,
then researchers and government need to ensure fairness
of distribution and accessibility so that more mobility deserts
do not appear. The complex relationship between transport
and the property market needs to be analysed and factored
into decision making.”

So many questions. How is technology interacting with hu-
mans? How is our behaviour as travellers changing? How are
networks altered by these changes? What do we value as a
society? Is it more important to get to work quickly or to be
energy efficient? Is traffic flow more important than trees? Is
efficiency more important than sustainability?

These are not either/or propositions, but questions that re-
side on a continuum of relative values: values that must be
incorporated into transport modelling and planning. Tricky,
delicate, time consuming.

While democracies at large must define these values,
transport engineers must put numbers to these qualitative is-
sues. As Travis Waller says “It is only when you put a number
on an issue that you can enact real change. Quantitative data
must be used to augment and improve survey information,
but we must be careful not to let sheer volume overwhelm a
balanced approach to research data.”

New operational paradigms require innovative data ex-
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| TRANSPORT FUTURES

cavation and processing. In partnership with Google Maps
Outreach Grant, rCITl is investigating emerging data sourc-
es. With access to Google data bases around the world, rCITI
can create analytical profiles which are aligned with informa-
tion from social media. “Someone sends a tweet. We can
pinpoint an exact where and when, while LinkedIn provides
socio-demographic information about that traveller, which is
vital for regional planning,” explains Waller. “Looking across
social media we can paint a much broader picture than our
historical perspectives gleaned from surveys because they
provide revealed outcomes.”

As we step fully into this new age of meta data, universities
can take a leading role in the ethical implications of change.
rCITI's Vinayak Dixit has, for years, been advocating for data
ownership and privacy rights, receiving enthusiastic support
in theory, but only limited support in reality. “Universities de-
mand a rigorous ethics approval process around research
and we could be leaders in this area.”

And not only in this area. If so many of our historical en-
gineering tools no longer apply, what do we replace them
with? No-one has that definitive ‘something’ yet. But that's the
point of engineering: solve problems today and build tools for
the future. ©

WHOSE HANDS
ARE ON THE WHEEL?
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SSOCIATE PROFESSOR Vinayak Dixit makes
relationships a priority because he believes
that it is through the inter-personal that innova-
tions are created.

In 2013 with funding from the Australia Re-
search Council (ARC), rCITI, CVEN'’s transport research hub,
created TRACSLab. Already a world leading facility, housing
multiple driving simulators networked together, with the ability
to connect to traffic microsimulation software, TRACSLab re-
cently formed a field-leading, inter-university relationship with
the University of Sydney to investigate the travel behaviour of
driverless automated vehicles (AVs).

Funded by insurance industries and transport authorities,
Vinayak and his team are asking some fundamental questions
raised by AV travel. In AVs, how do people behave? What kind
of choices do people make when under risk or uncertainty?
How is it to come in and out of autonomous driving? What
can a driver do while being in a driverless car? Seated in the
TRACSLab driving simulators, drivers in a virtual reality, reveal

DRIVERLESS CARS |

and record the answers to these questions.

There is still the battle of perception. Incidents involving AVs
receive a disproportionate amount of media coverage, which
results in a distorted perception of how dangerous they are.
“The dangers of AVs are similar to regular vehicles, but often,
traffic around an AV on-road become distracted and fearful.
AVs are often involved in accidents they have not caused.”

As a committed researcher Vinayak Dixit sees every AV ac-
cident as an opportunity for new questions and deeper dis-
covery. “This technology is based on the interaction between
the AV and an individual. Currently, an AV finds it difficult to
‘understand’ intent as a human would, because the information
exchange between humans is evolved. How could we program
this kind of evolved intersubjectivity into an AV?”

Until that time, there are precautions we can take to maxi-
mise safety. “One response is to clearly identify AVs to onlook-
ers with improved signage. Just like an L plate or a P plate
we need an AV plate. Human behaviour then starts to change
because our understanding of the risk associated with an AV
becomes part of the interactive relationship and assists in that
evolution we need for wide civic application.”

There is also the barrier of price, as AVs are still in the exper-
imental and very expensive stage. One further and very basic
challenge to the driverless car is why do we need them? Pro-
ductivity is the ‘driving’ force for industry and for us city folk
sick of wasting our time in traffic. “This technology is about re-
moving human effort, frustration and loss of time around travel,
which are all extremely unproductive.”

Then there is the potential for an increase in traffic safety.
While this runs at odds to perception, driverless cars will even-
tually reduce accidents caused by driver fatigue, speeding,
inattention and distraction because so much more data is feed-
ing into the car, like the full 360 degree view and the ability to
track multiple objects.

Perhaps most rewarding to researchers like Dixit would be
the potential of AVs to provide mobility for those who have none
or are limited by age or disability. Technology that serves this
kind of human freedom is worth pursuing. Dixit knows that driv-
erless cars are a frontier many do not want to cross. But he is
a patient researcher. “30 years ago, we accepted auto pilot on
planes. Pilots used to make an announcement. Now it is com-
pletely accepted as the norm. 85% of flying time is in auto-pilot
mode. At our ports, in manufacturing and mining, AVs are com-
mon. Perhaps it is just a matter of time for driverless cars.” @
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| ON-DEMAND TRANSPORT

CHANGING HOW WE MOVE

E LIVE in a world of on-demand services. Hun-
gry? Order delivery through Foodora or Menu-
log. Need to go somewhere? Call an Uber. In
many ways, personalised services like these
have become part of the way we live.

But what if we could apply on-demand principles to big
— and complex — public services? Imagine using an app
to summon a bus, for example, rather than waiting at the
bus stop at a scheduled time. According to Dr David Rey,
a researcher at the Research Centre for Integrated Trans-
port Innovation (rCITI) at UNSW, it's already happening.
An expert in operations research, a field of enquiry that spans
applied mathematics, computer science and economics, Rey
has been applying his expertise to a series of on-demand pub-
lic transport projects.

“On-demand transport is a user-driven approach to public
transport that does away with traditional transport routes and
schedules,” he says.

“Instead, passengers request transport to a specific destina-
tion and are collected and dropped off at connected, easy-to-
access locations at a time that suits them.”

Recently, Rey has developed routing and scheduling algo-
rithms for leading transport organisations to demonstrate how
on-demand transport could work in a range of different sce-
narios. He says that from a public transport perspective, on-de-
mand transport initiatives are about providing better customer
service by optimising the allocation of available resources.

“If you sit on an empty, hour-long frequent bus, you're go-
ing to have a long travel time. An on-demand service could cut
down the journey and get you there much faster without neces-
sarily impacting service costs.”

Rey has also worked in the challenging area of custom-
er acceptance, investigating customer attitudes towards new
on-demand transport models. Unlike traditional modes of pub-
lic transport, where passengers play a passive role (waiting at
an assigned location at an assigned time to connect with the
transport system), on-demand models active engagement with
the transport experience, with tools like smartphone apps and
call-in services being used to book a ride.

“I've helped organise surveys
and analysis on the concept of
on-demand services. In the con-
text of on-demand transport as a
new offer that nobody has experi-
enced before, what is the propen-
sity of people to change and leave
their car at home, for instance,
and take an on-demand vehicle?”
he says.

While some projects have focused on small populations, oth-
ers deliver a rationale for on-demand transport as part of a mul-
timodal transport network in major metropolitan centres. And
it's a rationale that bears weight: as well as reducing transport
costs and enhancing the passenger experience, on-demand
transport has an important role to play in improving traffic flows
and enhancing access to, and use of, critical transport infra-
structure like roads.

“The ultimate goal of on-demand transport, whether it's pub-
lic or private, is to reduce the numbers of cars on the road
and to make better use of existing infrastructure — it's not about
building new roads or adding new vehicles,” Rey says. “The
idea is to make better use of what we have.” ©
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BIO-SECURE MOBILITY |

INTRODUCING

Dr Lauren Gardner’s work is so unique she has developed a new discipline to accommodate it.
Bio-secure Mobility is at the crossover between engineering and public health.

S THERE wasn't really a

way to describe the type of

research I'm doing, my col-

leagues and | have coined

a new phrase,” explains Dr
Lauren Gardner, whose multiple research
interests have recently been drawn togeth-
er into a fascinating new field.

“We’'re calling it Bio-secure Mobility and
it explores how people and things moving
around our globalised world spread infec-
tious disease. This includes the spread of
naturally occurring viruses or malicious
manmade biosecurity threats,” she says.

As a Senior Lecturer in the School of Civ-

il and Environmental Engineering, a mem-
ber of the Research Centre for Integrated
Transport Innovation and a Research Fel-
low with the Faculty of Medicine, Gardner
says her interests sit at the point where en-
gineering and public health merge.

“l use my background in network mod-
elling, i.e. the connectivity of transport
systems across all different modes and
scales, to try to understand its implications
in the public health space, specifically around epidemiology,”
Gardner continues and goes on to explain that Bio-secure
Mobility has three key research goals that span both under-
standing the spread of a particular outbreak and mitigating
the risks it poses.

The first goal is gaining a clear understanding of how things
spread through a network and might result in the creation of
what Gardner calls a ‘diffusion model’. “If we know how things
are connected and how people move around, we can model
how something might spread. For example, we might look at
how the flu would spread through Sydney’s population, or how
the Zika virus spread from Brazil to the rest of the Americas,”
she says.

The second goal is about gaining a clear understanding of

the different factors that contribute to the
risk of spread. “What is pushing the dis-
ease through the network?” she continues.
“Is it people moving or are there other more
significant local factors at play, such as
population density, land use characteris-
tics, climate characteristics and infrastruc-
ture characteristics?”

The third piece of the puzzle, explains
Gardner, is about control. “If we have an-
swers to the above two goals then we can
get smarter about allocating resources to
try and stop spread.”

With a focus on the practical, Gardner
says the outcomes of her research might
include a series of tailorable methodolo-
gies or models that can be broadly applied
and adapted for use in a real-time deci-
sion-making setting. “If there is a sudden
outbreak of a new virus, we want to be
able to provide public health policymakers
with a tool so they can make smarter deci-
sions about how to control and mitigate the
risks of the outbreak.”

Ambitious in its scope, the questions
raised by Bio-secure Mobility rely on multidisciplinary col-
laborations between engineers, biologists, entomologists
and public health professionals in addition to requiring huge
amounts of data. “Data is both our biggest challenge and our
biggest opportunity and we need huge datasets that capture
human mobility, real-time outbreak status, socioeconomic fac-
tors and environmental conditions,” Gardner says.

In our increasingly globalised world, where international
travel has become so necessary and so prolific, Gardner’s
research acknowledges this huge space where things like hu-
man mobility, climate change, and urban and rural land use
changes can have grave and swift implications in terms of
disease spread. Itis a timely reminder of how susceptible our
world is to these kinds of risks. ©
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| WATER FUTURES

THE MATHS BEHIND FUTURE PROOFING OUR WATER RESOURCES

'VE ALWAYS been fascinated by what we

don’t yet know about engineered or natural

systems,” says Associate Professor Lucy Mar-

shall, Deputy Director of the UNSW Water

Research Centre (WRC) “particularly in water
resources. Analysing our uncertainties means | get to come to
work every day and learn something new.”

The central interest in all of Marshall’s research is ‘uncertain-
ty quantification’. Much of her research is structured by a for-
mal probabilistic approach known as Bayesian inference. “It is
an elegant statistical technique that brings together two types
of information; data or observations from the field and expert
knowledge or ‘prior information’,” she explains. “The prior in-
formation provides a researcher with probability distributions
informed by scientific or specialist knowledge, beyond what is
explicitly observed. Informative priors can provide us with a lot
of information, while non-informative priors have higher levels
of uncertainty.”

Bayesian methods have been used across many disci-
plines, but it is the discipline of hydrology that has especially
embraced this elegant statistical approach, fostering its ex-
pansion and development for environmental modeling. Lucy
Marshall and her ARC team: Dr Hoori Ajami, Dr David Nott
and Dr Yating Tang are players in a burgeoning and lively de-
bate about modelling methodology. “The Bayesian approach,”
Marshall notes, “is particularly useful as we can attribute un-
certainty to field data errors, a lack of expert knowledge, or
model biases.”

As a newly ARC funded Discovery Project, “Advancing
uncertainty quantification in terrestrial hydrologic systems”
the work is to develop Bayesian methods specifically using
Approximate Bayesian Computation (ABC). The distinction
between ABC and a traditional Bayesian approach is that in
ABC there is no requirement to formulate a ‘likelihood’ or sta-
tistical measure of the merit of the model. Instead a series
of simulations are created and then selected on how they
correlate with data. “It is an easy, robust and mathematically
sound way to estimate error. It is particularly suited to com-
plex error structures.”

As easy as ABC: Exploring Approximate Bayesian Computation: eco-
hydrologists Dr Yating Tang and A/Prof Lucy Marshall

ABC is a relatively recent development in Bayesian model-
ling and Associate Professor Marshall is at the forefront of ABC
research. Her 2012 co-authored article “Generalized likelihood
uncertainty estimation (GLUE) and approximate Bayesian
computation: What's the connection” was the first ABC hydrol-
ogy article to be published. “These ideas have been perco-
lating for several years, so | am very excited about this ARC
project. We aim to demonstrate just how powerful ABC is, as it
has, perhaps, been underestimated until now.”

A year into the three-year project and Lucy is very pleased
with their progress and outputs. In 2017, using long term data
sets, the team has established baseline ecohydrological mod-
els and a foundational Bayesian framework for calibrating
these models. A first journal article has been published titled
‘A Bayesian alternative for multi-objective ecohydrological
model specification”. A second is being created now, deeply
influenced by the peer review process of the first article. Lucy
Marshall pays homage to this process as part of any ongoing
research project. “We received incredibly learned and helpful
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critiques, especially in the area of data quality. So, our second
paper will investigate satellite data errors, including an estab-
lished Bayesian approach to precipitation errors. Understand-
ing the extension of Bayesian methods into ecohydrology has
been exciting.”

In 2018, this ARC team will establish and complete an ap-
propriate ABC framework and will use this framework “to in-
vestigate errors associated with our assumptions about model
selection.” More publications will follow as Lucy and the other
team members move closer to fulfilling the overall ambitions of
the project. “We aim to characterise the importance of input
errors in models and to more fully understand how uncertainty
in rainfall and evapotranspiration is affecting the overall model.
A working ABC framework will make it much easier to charac-
terise what these data errors are.”

Developing Bayesian and Approximate Bayesian methods is
not the only aspect of Lucy Marshall’s research that is innova-
tive. Over the last decade Lucy’s interests have been shifting
away from purely engineering/hydrological perspectives to the
broader field of ecohydrology. This is a relatively new and ex-
panding field that, according to UNESCO, “attempts to reverse
the degradation of water resources and stop further decline in
biodiversity by utilising our growing understanding of relation-
ships between hydrological and biological processes.”

Lucy was immersed in this kind of relational thinking during
her eight years spent as professor in the environmental sci-
ence department at Montana State University. “There was
much more emphasis on natural resources in this department
and this altered and expanded my engineering focus on mod-
els as problem solving tools. | began to link my research more
deeply with the actual physical systems, working more collab-
oratively with people in the field. In a way, my time at Montana
was my second PhD.”

Yet don't expect to see Lucy wading through rivers anytime
soon. “I know where my strengths lie, and my great love, from
a very early age, has always been mathematics.” Marshall be-
lieves that the creative potential of higher level mathematics is
largely misunderstood, underestimated or ignored. “We need
creativity in mathematics for it to be relevant in a range of fields

Ecohydrology combines water
and streamflow data with
vegetation dynamics data

and disciplines.” She attributes her
early academic success in the USA
to her awareness that mathematical
research, handled with artistry, could
be widely applicable. She also be-
lieves that this adaptability was con-
sciously fostered in the broad-based
training she received from CVEN.
This flexibility is also reflected in
the make-up of her ARC team which
includes a mathematician, a statisti-
cian, an early career eco-hydrologist
and an engineering hydrologist. This type of cross fertilisation
not only increases the complexity of the input and the subse-
quent models, but allows these researchers access to knowl-
edge bases, networks and possibilities which would have
been unavailable previously.

Ecohydrology creates a natural bridge between engineering
and climate change science, increasing its relevance and its
capacity to heal the planet. “Ecohydrology combines, in an or-
ganic way, water and streamflow data with vegetation dynam-
ics data. In the past the vegetation in a catchment system has
often been ignored. But now we are equally concerned with
issues such as leaf area indices, evapotranspiration rates, in-
terception and soil moisture dynamics. And if we have a mod-
el that incorporates more processes, that has ecohydrological
components, then it has the potential to be more robust and
more accurate in the face of climatic change.”

So the ARC project “Advancing uncertainty quantification in
terrestrial hydrologic systems” marries uncertainty quantifica-
tion, engineering models as problem solving tools and an actu-
al connection to the complex processes of natural ecosystems
to achieve a better estimation of just how important rainfall and
evapotranspiration are for any workable hydrological model.

“We can no longer study water in isolation from its environ-
ment” says Marshall. “To address climate change effectively,
any model representing any water catchment system must in-
clude possibilities for massive environmental change. It is the
only way a model can work now.” ©
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TRANSFORMING URBAN WATER
CYCLE MANAGEMENT

PONGE CITIES is an urban water management

approach that captures stormwater for re-use

through detention, infiltration, evapotranspira-

tion, treatment, harvesting and recycling. The

beneficial effects are many. It combats flood-
ing, reduces water run-off, reduces urban heat, improves water
quality, increases water storage, vegetates the urban environ-
ment, increases property values and enhances the quality of
urban living. Similar concepts have been employed all around
the world over the past 30 years, e.g. in Australia Water Sensi-
tive Urban Design (WSUD), in the USA Low Impact Develop-
ment (LID), and in the UK Sustainable Urban Drainage System
(SUDS). Two things make Sponge City unique. One is the name
that describes in simple poetics what it is hoping to achieve: to
absorb the water we have previously let escape. Second is the
determined and widespread implementation in China, driven by
government support. Sponge City is the most holistic plan to
date as it includes a whole range of urban water cycle man-
agement, not only stormwater, and is supported by strong con-
cepts, broad principles and latest technologies.

The Chinese government sees Sponge City as an alternative
to expensive and disruptive retro-fitting of drainage systems.
Rapid urbanisation in China has demanded a rapid response.
By 2016 Sponge City programs were active in thirty cities, main-
ly attempting to reduce flooding. Great successes have been
achieved, and the country is targeting to achieve 70% of runoff
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Dr Veljko Prodanovic and Dr Kefeng
Zhang (Research Manager), Sino-
Australian Centre on Sponge City,

Water Research Centre (WRC)

to be adsorbed and reused in 20% of urban areas by 2020, and
80% of urban areas by 2030.

As research manager of the Sino-Australian Centre on Sponge
City (SACSC), Dr Kefeng Zhang is responsible for overseeing
the direction of one of the leading consulting bodies on Sponge
City research and practice. Dr Zhang is an emerging but already
highly awarded engineering academic. He has developed the
first framework for validating WSUD treatment systems, and has
also been involved in development of the Water Sensitive Cities
Toolkit (developed through the Cooperative Research Centre for
Water Sensitive Cities) that quantifies the benefits to community
and environment of a Water Sensitive Cities approach.

SACSC at the School's Water Research Centre is an inter-
national partnership between UNSW, Monash University and
EastHigh Environmental Holdings, a Chinese company act-
ing as the implementation arm of this partnership. SACSC is
growing at a fast rate, with new research and engineering staff
facilitating a constant flow of information between Australian
researchers and China. The centre has three main research
areas: Green technologies, urban water modelling and novel
technologies. Green technologies are visible in any city with a
restorative urban water plan and can include green walls and
roofs, stormwater biofilters (also called raingardens and bioret-
entions), tree pits, wetlands and other bio filtration and retention
systems. They are composed of two main components: plants
and media. Professor Ana Deletic, UNSW Pro Vice-Chancel-
lor (Research) and director of SACSC has recently developed
clear and simple adoption guidelines for practitioners and has
improved the applicability of bio-filtration systems by adapting
media and plants to local environmental conditions.

This immediate and conscious connection between research
and implementation makes SACSC an attractive funding prop-
osition and they have leveraged this financial capital into cul-
tural capital as their reputation grows and they are increasingly
sought after as a hub of expertise on the research and imple-
mentation of green technologies.

Currently Dr Zhang is heading a two-year project on the de-
velopment of Biofiltration Technology (raingardens, living walls)
for Stormwater Management in Jiangsu, China, supported bi-
laterally by Australian and Chinese government bodies. This
research is timely for Sydney as well, as the 2030 Vision of the
City of Sydney is to reduce stormwater pollutants by 50%, part
of the 2011 City’s Raingarden Policy. As of 2015, 140 Sydney
street scaping projects had included raingardens. It has almost
doubled since then and is expected to keep growing exponen-
tially. Integrating raingardens into capital works reduces cost

WATER FUTURES |

and disruption and this is a key interest to SACSC and Dr Zhang.

Raingarden efficiency and analysis is at the heart of his re-
search. Stormwater has been wasted in the past. Gathering it
and filtering it of pollutants provides a community with two re-
sources. Nutrients filtered out become a good source of food
for plants, either within the bio-filtration system itself or to local
plantings. The purified water can be either redirected to infiltrate
local soils or it can be used as water for irrigation or other urban
necessities. Even if the water does eventually become run-off it
will be purified and will cause less damage to the environments
through which it travels.

Independent studies on landscape amenities values have
been carried out on small raingardens at 41 Sydney intersec-
tions, involving 4000 properties. Within 50 metres properties be-
came 6% more valuable, within 100 metres 4% more valuable.
This translated to an average increase in property value at any
given intersection of $1.5 million. If raingardens can be made
attractive to developers and profitable in nature, then the expan-
sion and development of this system, this way of thinking, has
endless possibilities.

During this 2-year project Kefeng will be tailoring Australian
biofiltration technologies to Chinese conditions. Using a variety
of media to suit local ecologies, these raingardens can vary in
size from a single tree pit, to the 4.5 square metre systems being
piloted in Jiangsu Province, to huge 200 square metre systems
that will be developed in the future. WRC is hoping to support
this expansion by developing more green technology laboratory
testing facilities.

The Sino-Australian Centre on Sponge City is about a global-
ised approach to environmental problems. It is about the shar-
ing and flow of information. It is about discussion and co-oper-
ation. It is about hope. ©
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RESTORATIVE ENGINEERING AND

IVIL ENGINEERING

has traditionally been

about the built environ-

ment, the human made

infrastructure of roads,
buildings, bridges, cities, water & waste
systems — all the skills, knowledge and
materials that have enabled the growth
of our contemporary civilisation. The
‘unbuilt’ environment — Nature — has
been seen for long decades as either
bountiful resource or unwilling victim to
the march of the hard hatted army.

But perhaps true innovation is to be found in the reconciliation
of these traditional antagonists. There is a new generation of en-
gineers, ones who have grown up in a culture of heightened en-
vironmental awareness, who are beginning a new great work - of
restoration. Instead of always ‘moving forward’, they ask, can we
enact a kind of return, a return to the genius of natural systems,

to heal our ailing planet?

Associate Professor William Glamore of the UNSW Water Re-
search Laboratory is one of these new engineers. “What if, “he
asks, “engineers sought linkages with ecologists to recreate na-
ture? What if we sought to rebuild the environment?”

At its core, this is still engineering, even though it is about go-
ing back to what went before it: natural systems. It is a move-
ment away from what humankind wants to what our whole world
needs. This new eco-engineering is still focused on problem
solving and project building. The innovation lies in understanding
natural systems so intrinsically that we can reconstruct them bio-
mimetically. We learn from nature instead of building atop it. We
recognise and reconstruct the organising forces, understanding
the layers of interrelationship between structural, behavioural
and functional elements.

Professor Glamore hopes we could, in this way, avoid catastro-
phe. Too often today, catastrophe happens and we try to play
catch up or patch up. This is especially true of localised, repet-
itive environmental disasters that often go unnoticed. Across
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Australia, all around the world, every single hour of every single
day, these small catastrophes happen. They are often less-than-
sexy and do not provide click-worthy media content. Fish kills are
such events. They are ubiquitous, avoidable and indicators of a
much greater environmental imbalance.

According to the NSW Department of Primary Industries ‘fish
kills’ are “any sudden and unexpected mass mortality of wild or
cultured fish". Professor Glamore recently wrote that “fish kills are
currently being reported in our estuaries across NSW. Following
the recent rains, acidic runoff is discharging into our coastal riv-
ers and wetlands. This insidious problem is killing fish, polluting
waterways and acidifying our estuaries. While we know it hap-
pens every day, the magnitude of the event is always worse fol-
lowing big rainfall.”

Fish kills reveal an imbalance. Estuaries are important; they
function as the kidneys of a river and are indicators of the health
of entire catchments. Estuaries in NSW are sick and the fish kills
indicate this in a particularly visible and overt way. And we know
why this is happening: the acidification of estuaries because of
poor land use planning.

As he points out: "As with many wicked problems, no single
group is responsible for creating these environmental problems
and, hence, no single group is responsible for fixing them. In-
deed, all levels of government were involved in creating the acid
problem, but existing programs lack a prioritised or coordinated
approach that can match the magnitude of the problem.”

Itis in precisely these kinds of contexts that a return to nature
is required. But nature is astoundingly complex and endangered
ecological communities require peculiarly complex solutions.
They need to exist in a fine balance, influenced by numerous fac-
tors including topography, geology and hydrology. Restoring this
balance, to foster the genesis of an endangered ecological com-
munity, is a multi-disciplinary challenge, but one that has been
successfully accomplished in projects led by Glamore such as
the WRL sponsored Tomago Wetland Restoration Project.

This project employed the very latest engineering methods
and technology, including automated gates that respond to wa-
ter pressure and adaptive management processes that can alter
a project according to the information provided by cutting edge

RESTORATIVE ENGINEERING |

SOLVING THE WICKED PROBLEMS:
A/Prof William Glamore and team at
the successfully restored Big Swamp
floodplains, Taree, NSW

data collection. These approaches avoid the expensive and, at
times, ineffective hit and miss methods of the past. The project
won awards and recognition for the engineering team including
the 2013 National Trust of Australia’s Award for Conservation, a
2014 Engineers Australia Excellence Award, and the 2015 NSW
Green Globe Award.

This grand environmental mission of restorative engineering
requires  respectful  collaboration
between academics, industry, land-
holders and governments to foster a
holistic multi-disciplinary approach.
Environmental engineers need to
exercise not just their drive but their
success, their power and their capital
to communicate the desperate envi-
ronmental need that supersedes the
profit motive, not just to colleagues
and sympathisers within their field but
to other stakeholders and to a wider
community.

No longer can Australians be com-

placent about our surfeit of natural

beauty. Over the past 200 years we have transformed our rivers,

floodplains and wetlands using the ungentle methods of drag-

lines, dozers and dynamite. We have decreased fish and bird

habitats, endangered ecosystems and severely impacted natu-

ral water quality processes. Environmental awareness has grown

since the mid twentieth century, but we need more awareness
and discussion about restorative engineering.

Glamore points to some signs of hope. Three pieces of new
legislation in NSW are converging to promote a restoration indus-
try: the Marine Estate Management Act (2014) and Regulation
(2017); the Coastal Management Act (2016) and the Biodiversity
Conservation Act (2016). A commercial restoration industry is
developing — supported by evidence-based policies, planning
efficiencies (DAs), triple bottom line accounting - driven in part
by the need for sustainable fisheries production, and further sup-
ported by shifting community paradigms.

“Wetlands provide an important service to humans in reduc-
ing flood impacts, cushioning the influence of coastal tsuna-
mis, filtering pollutants and helping communities during severe
droughts, “ says Glamore. “Recent research suggests that wet-
lands will be even more important in reducing disaster risks un-
der increased sea levels and storms due to climate change. For
our endangered and polluted estuaries and wetlands we have
shown, through research and successful projects, that our land-
scape can be restored and that large-scale restoration is the
best solution.” ©
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| GLOBAL CONNECTIONS — A TORCH LIT IN CHINA

The Centre for Transformational Environmental
Technology is UNSW’s first research base outside
of Australia and will be a hub for the large-scale
translation of UNSW environmental research into
industrial application in China.

HE CENTRE for Transformational Environmen-
tal Technology is a huge opportunity for UNSW
researchers and Australian industry,” says Sci-
entia Professor David Waite on UNSW’s most
recent venture.

“We are actively looking for researchers and companies with
expertise in environmental technologies who want to explore the
vast array of opportunities in China.”

CTET, as the new centre is known, is UNSW'’s first research
base outside of Australia and will act as a conduit for two-way in-
formation and opportunity exchange between UNSW research-
ers and their collaborators in China.

“The Centre is a strategic alliance with the largest high-tech
zone on environmental protection in China and will showcase
UNSW's environmental research credentials,” says Dr Yuan
Wang, Head of the Torch Precinct at UNSW.

“Specifically, CTET will provide access to local environmental
problems (including wastewater and contaminated soil), which
is critical when applying technologies developed in the lab to
practice. It will also provide access to local industries, not only in
Yixing where the Centre is located, but also in the Yangtze River
Economic Belt, and across China. Importantly, the Centre will
open up a stream of new funding opportunities to researchers
and industry in both China and Australia,” she continues.

Waite, who is the Centre’s inaugural Director says the focus
is firmly on fast-tracking the commercialisation of environmental
technology, but there will also be a myriad of opportunities for
UNSW undergraduate and postgraduate students, as well as
postdocs looking for industrial experience and internships.

Professor Brian Boyle is the Deputy Vice-Chancellor, Enter-
prise and provides strategic leadership on all aspects of the Uni-
versity's enterprise and innovation agenda. He says CTET is a
place where UNSW researchers will be able to connect with oth-
er experts in their field and deliver not only outstanding research
but also real impact on a global scale. “Our vision for the centre
is that it becomes a hub for the large-scale translation of UNSW
environmental research into industries across China,” he says.
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Opposite:UNSW CTET research base in China —
artists impression

Dr Yuan Wang, Head, UNSW Torch Innovation Precinct, with Scientia
Professor David Waite, Director of the Centre for Transformational
Environmental Technology

As Wang mentioned, CTET is located in the largest high-tech
zone on environmental protection in China in the Yixing Environ-
mental Science and Technology Park, about 30 minutes by high-
speed train from Nanjing and/or Hangzhou. The park covers 212
square kilometres and is home to over 100 companies from more
than 20 countries and regions, all of which are exclusively fo-
cused on environmental technologies. It is part of the Chinese
Torch Program that was established by the Chinese Ministry of
Science and Technology about 25 years ago. The Torch Program
is arguably the most successful entrepreneurial program in the
world having spawned over 150 high tech zones across China.

“The Torch Program was conceived as a way of bringing
like-minded industries together to undertake R&D in theme areas
such as energy and environment, materials and medicine,” ex-
plains Waite. “In 2016, the first Torch Precinct outside of China was
established at UNSW to promote collaboration between the two
countries. Not long after, our team was approached by the Torch
Precinct in Yixing asking if we'd like to partner on this new Centre.”

Waite says they jumped at the chance. “We have a relatively
weak manufacturing base in Australia which limits the funding
our researchers can access for applied R&D. Our exposure to
the Chinese environmental technology industry, through the Cen-
tre, will be a huge boost for UNSW researchers in this respect.”

It was clear from the start that the CTET team would need to
have a permanent presence in the Yixing Torch Precinct, so they
custom-designed and built the Centre which officially opened in
January 2018. “Now, our focus is on promoting the Centre, gen-
erating interest among researchers at UNSW and forging part-
nerships in China,” continues Waite.

“We have developed a framework for involvement and invited

our researchers to develop a ‘Capability Statement’ to articulate
their key research strengths. These Statements together with
intensive networking will be used to develop opportunities and
projects and seek funding,” he says.

Wang is excited about being able to use CTET as a successful
model to generate interest among UNSW alumni and existing in-
dustry partners. “We invite our alumni to find out more and come
to work with our researchers. We are also happy to use our con-
nections at the Centre to link them to Chinese industries with the
aim of developing technologies that benefit the communities of
both countries.”

“Indeed,” continues Boyle. “The success of UNSW's Torch
Precinct (which has already secured over $70 million of con-
tracts) already owes a significant debt to our alumni in China,
who, as business leaders, have supported the program through

their pro-active engagement with
our researchers. As UNSW con-
tinues to broaden its innovation
footprint in China, our alumni are
crucial for its success.”

Waite says the types of Austra-
lian organisation they are hoping
to partner with ranges from small
startups, who are looking to devel-
op a single technology, through to
government enterprises. “l recent-
ly visited the Beijing Waterworks
Group. It's a huge operation, and
they have much to learn from or-
ganisations like Sydney Water and
Melbourne Water. There’s a very

real opportunity to transfer knowledge from Australia to China
with regard to issues such as ageing infrastructure and in apply-
ing innovations in water treatment technology,” he says.

‘As a country whose manufacturing base developed very
fast, China has a number of pressing environmental concerns.
There’s a clear will to manage and control them and an increas-
ing emphasis by the Chinese government to make sure com-
panies adhere to the environmental policies and regulations in
place,” Waite continues.

Because of this willingness and because of the sheer size of
the market, Wang is ambitious in what she believes CTET can
achieve. “I want to see UNSW labelled technologies everywhere
in China in the next 5 to 10 years,” she says.

Her ambition is shared by Boyle who sees CTET as just the
beginning. “UNSW’s Torch strategic research priorities comprise
materials, health and energy as well as environment, and | would
like to see all four research areas represented across China with
similar centres in the very near future,” he says. @
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How can the digital and adaptable revolution help build a sustainable future
for the construction industry?

HE CONSTRUCTION industry is responsible

for 18% of global greenhouse gas emissions,

and is one of the biggest consumers of plane-

tary materials. In Australia our large construc-

tion industry (in 2016 the industry accounted
for 7.64% of GDP) is struggling to deal with an ever-increas-
ing number of constraints, affecting costs and performance.
There are some good reasons for this: secure safety require-
ments, rigorous environmental legislation and regulated wag-
es are just three of a raft of contributing factors. We can be
proud of these laws and would not want to see them weak-
ened. But a widespread industry view is that Australia is an
expensive place to deliver infrastructure.

So what are the solutions? How can we improve industry
productivity while extending real benefits to society? If sus-
tainability is truly important, what does it actually mean and
how can it be achieved while improving construction produc-
tivity? How can we reduce inefficiency and waste? How can

we adopt new technologies without losing sight of relation-
ships and people?

The widely quoted Brundtland Report tells us that sustain-
able construction is: “development that meets the needs of
the present without compromising the ability of future gener-
ations to meet their own needs.” CVEN Professor, David Car-
michael, believes sustainable infrastructure is based on the
three pillars of economic, social and environmental consider-
ations. In the past, economic considerations have dominated
and, in some areas, continue to do so, but the balance is im-
proving and environmental concerns, especially, are having
an increased importance.

One of the great challenges for the future of the Australian
construction industry is how to align productivity and sustain-
ability as complementary concepts and ambitions. How do
we make genuine environmental and social statements rather
than just window dressing?

Off-site manufacturing is one solution that can help change
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construction. Modular building components, created in con-
trolled workshop conditions, can reduce building costs while
also reducing in-situ problems such as noise, pollution and
traffic disruption. These components can be made safely, re-
ducing the everyday dangers of construction work, while si-
multaneously increasing control over price, quality and timing
without sacrificing creativity, individuality or design flexibility.

Some believe this is the future of construction. Innovative
financiers across the globe are supporting this business
model. Recently the New York Times reported about the
astoundingly rapid growth of Katerra which “over just three
years, has grown from a start-up with an unusual approach
to the construction industry into a company with $1.3 billion
in bookings.” In Australia, companies such as Strongbuild
are promoting sustainable offsite manufacture of hybrid tim-
ber structures.

CVEN Associate Professor Hamid Vali Pour is working in
partnership with industry to research these new composites
and develop the expertise that will drive this business forward.
CVEN introduced, in 2017, a new fourth year course: Sus-
tainable Timber Engineering. With direct industry input from
CVEN alumnus Lisa Thom, this course has stimulated interest
among students who can see the benefits of building with
timber. As Professor Vali Pour says “Timber is the only truly
sustainable construction material because it can sequester
carbon during its service life. No other construction material
will do that.”

In a streamlined construction cycle, manufacturing sites
are integrated with work sites through digital solutions. Build-
ings are becoming data gathering devices with in-built smart
sensors, robotics are becoming more and more common for

CONSTRUCTION FUTURES |

CVEN Construction Innovators:
Prof David Carmichael and
Dr Johnson Shen

jobsite applications and devel-
opments in artificial intelligence
(Al) make ‘robots’ more and more
‘thoughtful’. Every onsite worker
can be positioned with geospa-
tial technologies and can be con-
nected to every other worker. The
Internet of Things (loT) makes
every device with an on/off but-
ton connected into a grand web
of data.
These digital technologies are
a trend or maybe even a revo-
lution. Dr Johnson Shen, from
CVEN, believes that these innovations are a great driver for
efficiency and sustainability. “Maybe construction has been
lagging behind other industries in productivity but it is these
digital innovations that will solve this problem.”

Building Information Modelling (BIM) is a ‘hot topic’. Itis the
process through which all data, for the whole life of an asset,
is managed to provide detailed information and visualisation.
It often involves 3D digital modelling that was not possible be-
fore the introduction of laser scanning (Lidar). Now Lidar has
been linked with un-manned aerial vehicles (UAVs) to create a
new horizon that slashes surveying time and removes humans
from dangerous surveying tasks. It also helps ameliorate the
shortage of registered surveyors, who can now spend their
time and use their expertise analysing and interpreting data
instead of gathering it.

With all these changes in technology and materials, con-
struction needs to look at the bigger picture of how these
innovations create real benefit. How can the service life of the
built environment be increased, thereby reducing obsoles-
cence and the need for demolition in the future? Sometimes
engineers need to speak up and make some noise in a world
driven by profit.

Professor Carmichael believes that to ensure a more sus-
tainable construction future, the industry must adopt built-in
adaptability. “With ingenuity we can inject adaptability into
houses, apartment blocks, factories, offices, roads, seawalls,
bridges ..... Adaptability may incur an extra initial cost and
while this might be a barrier, it is a sustainability necessity.
The added social and environmental benefits increase whole
value, and how engineers negotiate this is a skill which needs
to be taught at the undergraduate level.”©

UNSW CIVIL & ENVIRONMENTAL ENGINEERING RESEARCH FUTURES 19

®

22/6/18 6:14 pm ‘



| SUPER DRONES

SMALL PARTNERSHIP BRINGS

OUR YEARS ago, Dr Johnson Shen had a ca-
sual conversation with a UNSW alumnus. This
little chat blossomed into a research and in-
dustry practice project that is helping to revo-
lutionise the construction industry in Australia.

Construction productivity is about cost, time, sustainabili-
ty and safety. Some of the main challenges in construction
surveying are: producing end-of-month volumetric measure-
ments for project management, the extremely narrow time-
frame for conducting site surveying, hazardous working envi-
ronments and the dire shortage of skilled surveyors.

Dr Johnson Shen has partnered with local surveying firm
Linke & Linke Surveys to develop Remotely Piloted Aircraft
System (RPAS) using spinning Light Detection and Ranging
(LIDAR) technology that delivers fast, accurate, real time 3D
maps of targeted areas. As Director of Linke & Linke, James
Linke notes, “Engineering is moving towards real-time report-
ing. Information that's two days or two weeks old is not as
valuable anymore.” Weighing just twelve kilograms, the small
RPAS can travel for up to thirty minutes above any terrain,
gathering data at millions of points per second and intensi-
fying accuracy with every subsequent sweep. Cost savings
are enormous and can be in the region of three thousand per
cent when compared with one surveyor gathering the same
amount of data.

While the “super drone” is not a cure-all or magic panacea
— there will always be some construction or land surveying
tasks which require higher fidelity techniques and methodol-
ogies — it does meet an extraordinary amount of construction
and surveying challenges. It reduces cost and time enor-
mously. It reduces the risks a surveyor might face in the
field or onsite. It allows surveyors to meet deadlines whilst
maintaining quality and accuracy. It fills a gap in an industry
in need of more surveyors.

But perhaps more than anything it propels surveying and
construction practices forward into a future with unlimited ap-
plications and possibilities. As Dr Shen says: “Drone technol-
ogy is quite generic so it can be useful in many industries. For
instance, it can be used on farms, assessing bio mass.” It can

be used to assess natural disasters. It can help predict bush-
fire likelihood by generating heat maps of bushlands.

This is a state-of-the-art technological development and
Dr Shen and his Linke & Linke partners are at the forefront
despite the company being an SME enterprise which has re-
ceived only relatively small amounts of funding. It is an amaz-
ing achievement of collaboration and planning.

Dr Johnson Shen believes that ‘hard’ technological de-
velopments start with the ‘soft’ issue of relationship, mutual
respect and shared understanding. “Industry engagement
can start small, we build the relationship and the trust while
we refine the scope of collaboration and customise our re-
search to make the knowledge applicable. That is the beauty
of industry and academic collaboration: universities bring an
ever-developing body of expertise while industry puts it into
practice.”

The mutual benefits of such collaborations have not always
been recognised by the construction industry in Australia.
Academics need to get the message out with constant and
broadening forums of communication. Johnson believes lis-
tening is the most important part.

Dr Johnson Shen is an up and coming force in technology
for engineering. His research interests include automation,
robotics, RPAS and hybrid variations for longer endurance,
Artificial Intelligence (Al), Internet of Things (loT), virtual real-
ity, mixed reality, remotely piloted ground vehicles to assist in
indoor mapping... the list goes on.

As he notes, universities can provide industry with cut-
ting edge research equipment and expertise. Our people
are knowledgeable and committed to engendering new
ideas that can solve industry problems. With technology like
the “super drone”, productivity can increase exponentially.
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TIMBER FUTURES |

THE NEW MATERIALS REVOLUTIONISING CONSTRUCTION

EE ANY city build-

ing site and see also

parked cement trucks

churning, taking up

space, making noise,
slowing traffic, increasing frustration.
Now imagine a building site where
customised, lightweight materials are
delivered and easily stored, ready to
use. Off-site modular manufacture is
regarded by some experts as the fu-
ture of construction and it is materials
like cross-laminated timber (CLT) and
steel-timber composites (STC) that are
making that future possible.

Over the last few years CVEN Asso-
ciate Professor Hamid Vali Pour has
been investigating the possibilities of
engineered STC wood products. “Trans-
forming wood into an engineered wood
product (EWP) reduces the dimensional
instability of natural wood. EWP is less
vulnerable to environmental conditions
and changes like temperature and moisture. It moves less and
experiences less shrinkage. Through engineering processes,
we can remove the traditional defects of wood, making it more
homogenous and predictable.”

In 2016 Hamid was awarded one of the highly competitive
Australian Research Council Discovery Grants, for nearly half
a million dollars, to lead Australian research into alternative
construction materials. With Professor Mark Bradford, Hamid
works within the Centre for Infrastructure Engineering and
Safety (CIES) to help refine these construction innovations that
can build smart and sustainable cities of the future.

Use of EWP has been growing in Europe since its incep-
tion in the early 1990s. The industry has also found a healthy
home in New Zealand. But the Australian timber industry is
very small and is scattered over the continent, increasing
transport cost and our carbon footprint. So the growth rate of

timber based construction here has been
small and slow.

Hamid Vali Pour believes that what is
needed now is a vision and a plan for
the timber industry in Australia. “First, we
need to plant the trees, if we wish to have
a timber industry that is producing cost
efficient and sustainable product. Current-
ly we import most of our EWP and even
though the price is dropping significantly
it is still too expensive to be attractive on
a wide scale. We also need an expanding
and skilled workforce.”

Currently, buildings consist of reinforced
concrete or steel-concrete composites,
cast in situ. Cement is poured into form-
work and propping is then required for
at least a week. This is a wait of at least
10 days between storeys. Building with
steel-timber composites means there is no
waiting and upward construction can be
seamlessly ongoing.

Alongside no wait is less weight. STC
density is only 20% of concrete density. This reduces cran-
age and injury risk. STC increases efficiency of moving,
lifting and placing panels. Hybrid construction becomes
realistic: building atop older structures diminishing the
social disruption of demolition, reducing waste and increas-
ing construction adaptability.

Hamid knows this is where CVEN can be an industry lead-
er in research and teaching. While there is much expertise
in steel and concrete technologies in the Go8 group of Aus-
tralia’s leading universities, there are less than 5 timber con-
struction researchers. But the School’s recently introduced
undergraduate unit CVEN 4309 Sustainable Timber Engineer-
ing is an indicator of coming change. The course is attracting
large cohorts of enthusiastic students as well as interest and
input from industry — all evidence of a coming regeneration of
timber based engineering. ©
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| CONCRETE FUTURES

REDUCING THE CARBON
EMISSIONS OF CONCRETE

A research project led by Associate Professor
Arnaud Castel aims at transforming the
concrete industry by implementing a new low
carbon concrete technology.

ONCRETE IS the second most consumed ma-

terial in the world after water, used most widely

in the construction industry. The materials re-

quired for concrete - sand, gravel & water are

often locally available and are relatively inex-
pensive. Cement is the glue that binds these aggregates to-
gether to form concrete — a relatively small amount of cement
(about 14%) and Reinforcing steel (about 2-4%) are required
for production of reinforced concrete.

Clinker is the primary component of cement, a dark grey nod-
ular material made by heating ground limestone and clay at a
temperature of about 1400 °C - 1500 °C. The nodules are ground
up to a fine powder to produce cement, with a small amount of
gypsum added to control the setting properties. Carbon emis-
sions from the manufacture of clinker are second only to that of
emissions from fossil fuels, and clinker is responsible for a signif-
icant proportion of Australia’s total greenhouse gas emissions.

In order to reduce the environmental impact of the concrete
industry, Supplementary Cementitious Materials (SCMs) such
as fly ash and Ground Granulated Blast-Furnace Slag (GGBFS)
have been intensively used to partially replace clinker in con-
crete. Currently, fly ash, a widely available by-product from coal
fired power stations, is the most common SCM used in Australia.

However, to address the effects of climate change, Australia
has also opted to transition from fossil fuels to renewables. The
shift away from coal burning to renewable energy is expected
to lead to a drastic reduction in local fly ash production. The
importation of millions of tonnes of fly ash every year could put
the financial sustainability of the Australian concrete industry
at risk. There is an urgent need, therefore, to develop an alter-
native SCM available locally in suitable quantities to replace fly
ash in the future. Calcined clay is a potential alternative SCM

and large quantities of these clays are available in Australia.
The UNSW research project led by A/Professor Arnaud Castel
aims at investigating the viability of this new low carbon con-
crete technology.

There is some sense of urgency about the project. To pre-
serve the sustainable performance of the entire construction in-
dustry, this new concrete technology must be ready and adopt-
ed by the industry before Australia runs out of fly ash. Castel’s
project will investigate the reactivity of calcined clay as a SCM
in Australia. In collaboration with Dr Rackel San Nicolas at the
University of Melbourne and Dr Taehwan Kim (UNSW Sydney),
clays across Australia are being collected, characterised and
calcined with the aim of identifying calcined clays suitable for
concrete applications.

In UNSW laboratories, traditional characterisation techniques
are used including Environmental Scanning Electron Microsco-
py (ESEM), X-Ray Diffraction (XRD) with quantitative Rietveld
analysis, Fourier Transform Infrared spectroscopy (FTIR) with At-
tenuated Total Reflectance (ATR) attachment, thermogravimet-
ric analysis including TGA as well as DSC, Inductively Coupled
Plasma (ICP-OES) and 29Si and 27Al solid state Nuclear Mag-
netic Resonance spectroscopy (NMR). In addition, Automated
Scanning Electron Microscopy (ASEM) combined with Data
Mining Technique will allow the characterisation of the chemical
and physical properties of individual calcined clay particles.

These Australian calcined clays will be used to develop Lime-
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stone Calcined Clay cement (LC3). LC3 is composed of 50%
clinker, 35% calcined clay, 15 % limestone and 5% gypsum, po-
tentially reducing the carbon footprint of cement by about 50%.

Performance-based specification of innovative construction
materials is critically dependent on the ability to apply realistic
and meaningful test methods. Beyond mechanical properties,
the durability performance and time-dependent behaviour of
Australian LC3 concretes will be assessed by Castel and his re-
search team. The question of durability is of prime importance
and is one of the main barriers to widespread adoption of new
materials by the industry. Another critical aspect of reinforced
concrete design is serviceability. Indeed, the control of both
concrete cracking and structural member deflection is crucial.
Restraint to early-age shrinkage of concrete is arguably the
most common cause of unsightly cracking in concrete struc-
tures and the repair of such cracks results in high annual costs
to the construction industry.

Ultimately Castel hopes to develop a new gen-

eration of performance-based standards to de-
sign durable and sustainable concrete structures.
This will come in the form of a performance based
handbook that will be published through Stan-
dards Australia to assist engineers and end-users
in specifying and using low carbon concrete with
greater confidence and less risk.

In 2018 in recognition of his expertise and
leadership in the field, Associate Professor Castel
has been appointed Chair of a new international
Technical Committee(TC) convened by the global
body, the International Union of Laboratories and
Experts in Construction Materials, Systems and
Structures (RILEM).

RILEM’s TC will address key questions related
to the rate and mechanisms of chloride transport in alkali-ac-
tivated binders and concretes, with a view toward drafting
recommendations for the appropriate selection and applica-
tion of testing methods. The TC will bring together the world’s
leading research laboratories and practitioners in this area to
ensure that decisions in the design, drafting and use of spec-
ifications, and future standards, can be built from this sound
scientific basis.

The establishment of the RILEM Technical Committee is a
significant milestone in the global cause of low carbon con-
crete. Castel's work within the UNSW Cooperative Research
Centre (CRC) for Low-Carbon Living and his research project
‘Performance based criteria for concretes: Creating pathways
for low carbon concrete manufacture with existing standards’
with colleagues Professor Stephen Foster (UNSW - CVEN) and
Professor Jay Sanchayan of Swinburne University, has laid the
foundations for such global knowledge and sharing.

Head of School Professor Stephen Foster says that Arnaud’s
leadership of the new technical committee ‘is an important lega-
cy of the CRC project and demonstrates the impact of our UNSW
research, and the respect in which it is held, internationally.” ©

SETTING THE STANDARDS

PROFESSOR STEPHEN FOSTER has a longstanding pas-
sion for bringing new and advanced materials technologies to
the engineering of structures. His particular research interests
are in the use of high and ultra-high performance concretes,
fibre-reinforced concretes and geopolymer concretes, as well
as in the capacity of carbon fibre technologies for strengthening
and repair of structures and structural systems.

Foster is active in his professional community nationally and
globally, serving on several Australian Standards committees,
and is currently Deputy Chair of the Technical Council, Interna-
tional Federation for Structural Concrete (fib).

In January 2014, the draft Australian Standard for the design
of concrete bridges was released. It was the first Standard in

Australia, and one of the first in the world, to include compre-
hensive design procedures for steel fibre reinforced concrete
(SFRC). Rules allow conventional, strain softening SFRC, but ex-
clude the use of strain hardening ultra-high performance fibre
reinforced concrete UHPFRC because of insufficient research
on core aspects of the materials when conventionally reinforced.

One of Professor Foster's most recently awarded Australia
Research Council Discovery Projects (DP170104618) aims to
fill that gap. By investigating the shear-tension interaction per-
formance of UHPFRC, his study, working with University of To-
ronto colleague Professor Frank Vecchio, expects to provide the
vital data that engineers and Standards bodies need to adopt
UHPFRC.

Foster has always been focused on optimisation and de-
sign, using materials as efficiently as possible to develop ef-
ficient and safe structures. Other government and industry
funded research involves modelling for climate change: look-
ing at the behaviour of structures under extreme load states,
whether fire, earthquake, or significant wind (e.g. hurricane /
storm loading events), because, as he says, “that’'s where our
future challenges lie.” O
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PEOPLE-CENTRIC ENGINEERING

SUSTAINABLE, RESILIENT AND CULTURALLY
APPROPRIATE ENGINEERING

Humanitarian engineering is experiencing a period of unprecedented global growth.
With increasingly complex challenges threatening vulnerable and marginalised communities
around the world, academics, researchers and students from UNSW are part of the push to grow
this vital ‘people-centric’ engineering philosophy.
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NGINEERS ARE increasingly questioning

what the profession means to them. It has

always been viewed as a noble calling, a

chance to enrich people’s lives, but far from

this utopian ideal, many technological ad-
vancements have increased inequity across the world, en-
riching some, often at the expense of others, and leading ed-
ucators are now questioning both the process and objectives
behind engineering education.

Humanitarian engineering is a specialisation that has
emerged as a response to this unfulfilled desire to increase
the quality of life for all humanity and according to Dr Fio-
na Johnson, the specialisation is fast gaining traction. She
points to the establishment of the Humanitarian Engineering
Education Network of Australasia (HEENA) as a prime ex-
ample.

“With HEENA, we’ve suddenly got a critical mass of pro-
grams and courses in universities across Australasia, and a
community of educators who are passionate about working
together to make sure we are meeting the dual needs of stu-
dents and the vulnerable communities they’ll be working for
in the future,” says Johnson, who is a Senior Lecturer in the
School of Civil and Environmental Engineering.

Dr Robert Care, Professor of Practice at the School, says
humanitarian engineering is such a unique way to view a
project or problem, it has yet to be slotted neatly into the
“professional circumstance”, as designated by Engineers
Australia. It doesn’t easily fit, because it is not an engineer-
ing discipline per se, crossing many if not all disciplines.
It is more a ‘people-centric’ engineering philosophy where
the focus is to improve the lives of people in disadvantaged
or marginalised communities by viewing any technological
solution through the deep context of the situation.

This context is essential explains Dr Hanna Grzybowska,
Senior Research Associate at the Research Centre for Inte-
grated Transport Innovation. "The biggest existing challenge
humanitarian engineers face, and also the challenge which
will be very important into the future, is cultivating an ability
to understand the context of the cultural background and

problem before weighing in with
a solution,” she says.

“Some engineers like to think
that cutting-edge, robust and in-
telligent technological solutions
will solve any problem, but that’s
not true. Humanitarian engineers
must be very creative. There’s no
one-size-fits-all solution, and we
need to be open-minded and re-
spectful when it comes to work-
ing alongside other cultures to
ensure we design sustainable,
resilient and appropriate solu-
tions.”

Johnson, alongside multidisci-
plinary colleagues across the Faculty, is involved in coordinat-
ing the teaching of humanitarian engineering and developing
the discipline as a whole within UNSW. She explains that the
University’s strategic focus on having a positive global im-
pact and social engagement dovetails perfectly with their ad-
vances in humanitarian engineering research and teaching.

“UNSW Engineering is particularly strong in water and
energy research but there is other research based around
humanitarian engineering, for example the work that Dr Grzy-
bowska is doing in humanitarian logistics,” says Johnson,
who explains that the teaching they have developed draws
strongly on the University’s research strengths.

The new courses developed so far include a third-year
course called Fundamentals of Humanitarian Engineering,
that will be taught from the end of July 2018, and a fourth-
year course called Humanitarian Engineering Project which
is already underway, and from which Johnson and Care have
recently returned from Nepal.

“The humanitarian project we are working on in Nepal is
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| PEOPLE-CENTRIC ENGINEERING

Professor of Practice Robert Care, and Dr Fiona Johnson (back row, second and third left) with students and colleagues on site in Nepal in 2018

exploring the feasibility of pro-
ducing biochar which can be
made locally and either used to
improve the health of the soil, or
further processed into charcoal
briquettes for heating or cooking,”
says Johnson, who explains that
the eight UNSW students were
joined in Nepal by students and
researchers from Arizona State
University (as part of a PLuS Al-
liance collaboration) and one stu-
dent from Tribuhavan University in
Kathmandu.

“The exciting part of this proj-
ect is that the starting product for
the charcoal process are the nox-
ious weeds mikania and lantana
that are threatening to smother
the ecosystems of nearby Chit-
wan National Park, which provide
important habitat for rhinoceros,
elephants and the Bengal tiger,”

continues Johnson.

Care has 45 years’ experience working as a consult-
ing engineer in both the private and government sectors
and was involved with RedR Australia (Registered Engi-
neers for Disaster Relief) for almost five years. His role on
the trip was to provide students with contacts and advice
and help them troubleshoot things that will never appear in
any textbooks.

“What | can do is introduce them to industry experts, help
shed light on how to handle certain situations in the field and
how you recover from things going wrong. Unforeseen chal-
lenges arise in all projects and | want to help equip students
to successfully navigate their way through,” he continues.

This groundswell of interest from researchers and aca-
demics at UNSW is also shared by students who, Johnson
explains, have led the way in some respects. “Student-led
chapters of Engineering World Health and Engineers Without
Borders have had a longstanding presence on campus and
new groups like Enactus and Impact Engineers are joining
them every year,” she says.

“With increasingly complex global challenges facing hu-
manity, it is very satisfying to be part of this field of engineer-
ing and using my skills in such a positive way.” ©
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HUMANITARIAN LOGISTICS |

HUMANITARIAN ENGINEERING IN ACTION

T ALL starts with hunger,” says Dr Hanna

Grzybowska, who has spent the last few

years working on a complex humanitarian lo-

gistical challenge as part of a team from the

Research Centre for Integrated Transport In-
novation (rCITI).

“Over 10% of the 7.3 billion people in the world suffer from
hunger and the problem is not just in developing countries,”
she continues. “Despite Australia being a great food produc-
ing country (capable of feeding around double the current
population), not everyone in Australia is fortunate enough to
have a secure food situation.”

In fact it is estimated that 3.4 million Australians suffer from
low food security. Vulnerable groups include the aged, sin-
gle or low income families, the un-
employed, refugees, homeless,
and people suffering from mental
illness. One of the biggest ironies of
a developed country like Australia is
that so much food is sent to landfill
— food from restaurants and super-
markets that could be used to help
those in need.

This is the problem that food res-
cue and delivery charity OzHarvest
has been working on since its es-
tablishmentin 2004, namely: how do
you get this food to the point where
it can be consumed by those who need it in the smartest and
most efficient way?

Grzybowska explains the aim of the rCITI/ OzHarvest proj-
ect (which was funded by an Australian Research Council
Linkage grant) was to develop a multi-objective dynamic vehi-
cle routing algorithm that would help OzHarvest pick up and
deliver the largest amount of food, to the most appropriate
location, with minimal wastage, in the most timely, equitable
and cost-effective manner.

With so many variables to consider it was a complex chal-
lenge for the rCITI team led by A/Prof Vinayak Dixit, with col-

Dr Hanna Grzybowska with two of her rCITI research colleagues,
Dr David Rey and Dr Taha Hossein Rashidi.
Left: Divya Jayakumar Nair

leagues Dr Taha Hossein Rashidi, Dr David Rey and Divya
Jayakumar Nair. “We needed to consider routing, the short
shelf life of the food, fairness and equity in distribution, and
the fact that new pickup requests arrive randomly,” says Grzy-
bowska.

Their multi-objective model aimed to combine fairness in
allocation and cost-effective routing without imposing restric-
tions on donor and welfare agencies. The team’s final route
update approach was computationally efficient and provided
a lower route cost, a minimum wastage of perishable prod-
ucts and a reasonable fairness in allocation.

The result was an algorithm that can be used to not
just support decision making at OzHarvest but is flex-
ible enough to be adapted for use by organisations facing
similar challenges anywhere in the world. “There is a lot of
scope for the algorithm to help address a variety of global
humanitarian logistical challenges which is very exciting,”
Grzybowska says. O
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| STRUCTURAL ANALYSIS FUTURES

FOR ENGINEERING APPLICATIONS

AY YOU'RE a city planner

and are deciding how to

zone an area for develop-

ment. Or perhaps you're

a transport planner and
need to know the impact of a potential new
tunnel on the buildings above. Or maybe
you're a civil engineer and need accurate
information about the impact a hurricane or
earthquake will have on the building you're
designing.

In any of these situations, can you imag-
ine how useful a complete and up-to-the-
minute virtual picture of your city would be?
And not just for visualisation purposes, this
virtual city also includes all the numerical
analysis needed for engineering design.

For Professor Chongming Song, Depu-
ty Director of the Centre for Infrastructure
Engineering and Safety, this is not just a
nice idea, this is the mission he has set

. i ) Professor Chongmin Song, Deputy
himself and the possibility his research has  pjrector. centre for Infrastructure

opened up.

“My vision is to provide the underpinning
computational structural analysis needed
to build a fully integrated virtual reality model of a city that
includes all the physical and functional data,” he explains.

“This means it will include the structural information of all
the buildings in the city as well as all the technical information
from the ground below, such as the properties of the soil and
rock.”

Song likens the potential impact of the virtual city to the
impact of Google Maps. “Before Google Maps, if | wanted to
go somewhere | needed a hard copy map and it might take a
few minutes to work out the best route. Now, you can simply
plug in point A and point B on your smartphone and it creates
an instantaneous real-time, virtual, responsive route for you to
follow,” he says.

“You've probably experienced how this has saved time and

Engineering and Safety

made your own life easier, but for indus-
tries like transportation, the cost savings
run into millions of dollars in improved
routing and fuel economies. With the virtu-
al city, | am imagining similar time and cost
savings for a wide variety of industries and
government agencies.”

Virtual reality is increasingly being used
in applications including entertainment,
personnel training, architecture, design in-
tegration and construction to name a few
and Song says it is so popular because itis
visual and instructive. “You can see colour,
layout and geometry etc, which is great,
but current virtual reality methods all have
a gap: they are not particularly useful for
engineering design. You might have the
geometry of a building, for example, but
you're unable to dimension the columns
and floors. That is where my technology
comes in.”

Although the virtual city Song has de-
veloped is just a proof-of-concept model
at this stage he says he has already de-
signed the technology needed to create it.
If he can successfully apply it then everything required for
analysis in the future would become automatic.

“Once we have a virtual analysis model we will be able to
start doing things like inserting and taking away buildings and
tunnels in a fully automated manner. That's what really differ-
entiates this — it's incredibly practical and you will no longer
need to create that physical model of the work you're plan-
ning to do.”

Song explains that applications for this technology include
structural analysis, building information modelling, sustain-
ability assessment and life-cycle maintenance but, really, the
only limit is the imagination and he believes there are multiple
as yet unforeseen advantages to it.

“You can regard this virtual city like the virtual route | was
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talking about in Google Maps. If
we can give industry the data,
they will work out an amazing
range of things to do with it,” he
says.

“It's difficult to predict which
people might benefit from a new
technology but | think the list
would include civil engineering
firms, government agencies and
city planners. Looking to the dis-
tant future, | think it could also be
applied in other disciplines of en-
gineering such as biomedical engineering or mining.”

Song says the virtual city is a passion project that has de-
veloped organically in the wake of much of his research into
computational mechanics (i.e. using computers to simulate
the behaviour of anything to do with mechanics, including
structural engineering, mechanical engineering, biomedical
engineering and other areas). But he says it has been made
particularly possible by his creation of a novel numerical
method called the scaled boundary finite element method.

“Many years of research has gradually led me to a realisa-
tion that the concept of the virtual city might work and now

I’'m very driven to achieving it,” he continues. “What fascinates
me most at the moment is the potential of virtual engineering
to improve the safety of structures while also saving time and
money.”

Song’s research has attracted considerable acclaim. Since
2009, he has led seven Australian Research Council Discov-
ery Projects and been involved in or led three Linkage Proj-
ects with an accumulated research budget of over $4.8M. He
explains that a large part of this interest is because his work
has demonstrable real-world applications. “We have collabo-
rators all over the world, and many people are already using
the methods we’ve developed,” he says.

Song says that, ultimately, the tool he is thinking of is a
big-picture future-thinking asset that he wants to help provide
for the benefit of generations to come, but he is under no il-
lusions as to the amount of collaboration required. “This will
require a huge amount of data and cooperation but building
that momentum is my next area of focus. | am now working
hard to establish partnerships with government and industry
to ensure virtual engineering becomes a reality.” @

Professor Chongmin Song is actively seeking partners to explore
the potential of virtual cities. If you are interested in finding out more
please contact him: c.song@unsw.edu.au
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THE GEOSPATIAL REVOLUTION.
CHALLENGING AND CHANGING
OUR MINDS

INCE THE 1990s digital technologies have
been revolutionising engineering practices,
and perhaps nowhere more so than in geo-
spatial engineering, where new and develop-
ing technologies such as GPS, satellite imag-
ery, laser mapping and advanced computing systems are
all assisting surveyors and geospatial engineers to create
complex layers of interconnected geographic information.

CVEN Emeritus Professor Chris Rizos believes there is a
geospatial revolution happening in positioning, mapping and
remote sensing. Geography, geometry and cartography are
being altered and so is our own analogue sense of space.
These far reaching developments are challenging our minds
and our very way of being: just as railroads did when, during
the industrial revolution, they opened up our horizons and
changed our sense of time.

If a map is a compressed form of data, then it is the earliest
form of geospatial technology. First revolutionised by photog-
raphy it is now being transformed by laser scanners that allow
us to see through what used to be opaque. These scanners
have given ‘sight’ to remotely piloted aircraft (RPAs) that can
cover vast areas of land in bite sized amounts of time. Jobs
that could have taken months in the past can be completed in
days. Difficult surveying tasks which used to involve survey-
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ors climbing and clambering over
precarious structures can now be
completed by RPAs.
The mobility of laser scanners
in Lidar technology has produced
higher density mapping with bil-
lions of points in space, capturing
up to millions of points per second
and providing extraordinary levels
of accuracy and density. Autono-
mous, real-time 3D mapping is a new and developing field of
interest with implications for the more trivial events like road
traffic to the profound destructions of natural disasters.
Professor Rizos describes how maps, as geospatial data,
have become mobile, malleable, alive and responsive. “Now
maps can be drawn on devices “on-the-fly” as we need them,”
he says, “ they can pan and zoom. We can filter information or
add layers, such as superimposing socioeconomic data onto
geographic detail. We can insert imaginary information like a
future building or road onto the current landscape. We can
add dynamic data like traffic flow on roads. We can change
perspectives in an instant. We can drape imagery onto the
“wire-frame” models of buildings.” The list goes on.
Australia is embracing geospatial technology with gusto, re-

GEOSPATIAL REVOLUTIONS |

Prof Chris Rizos ‘going from analogue to digital is having huge impacts’

sulting in a raft of home grown innovations. Global Positioning
System (GPS) has been under development and refinement
since the 1980s and has had a revolutionary impact on the
geospatial community. It is a low-cost, easy to use, accurate,
global tool for determining the coordinates of anything static
or moving, on or above the earth’s surface, from dekametre to
sub-cm accuracy. Without GPS all images and scans would
just be “pretty pictures”, not geospatial information. But....
GPS does not work indoors.

Now an Australian company has developed a new tech-
nology called Locata to provide coverage where GPS fails
to do so. Locata utilises a network of small, ground-based
transmitters that blanket a chosen area with strong radio-po-
sitioning signals. Technologies such as Locata can revolutio-
nise safety conditions in underground and interior workplac-
es such as mines and building sites as accurate positioning
helps to ensure the safety of workers in an emergency.

Safety has always been a primary concern in engineering
and these new technologies can create safer, healthier work
environments. Automation on building sites means robots
can do the heavy lifting and this is proving productive and
protective in countries with ageing populations like Japan
and Australia. In the future, we can look forward to more re-
fined and complex human-robot collaborations.

Despite our analogous predisposition, we humans have
swiftly become enthusiastic about and accustomed to digital
realities, expecting the transfer of information to be speedy,
on devices that are becoming smaller, sleeker, more efficient
and cheaper.

But there is some resistance to the huge influx of digital
technologies. CVEN’s Dr Johnson Shen, an expert in con-
struction innovation, puts this down to a range of factors.
There is conservativism inherent in any established field that
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creates a wariness of the untried
and untested. New technologies
can be expensive and risky and
sectors of industry are hesitant to
invest. Then there are some who
believe we are losing sight of fun-
damental knowledge amidst the
furor of a revolution.

Recently developed geospatial
technology, such as GPS, digital
cameras and Lidar, are widely
available and are so much easier
to use than surveying equipment of the past. More and more
“non-geospatially-trained” people are using the equipment
without foundational instruction. This has the potential to cre-
ate geo-databases with coordinates that have errors. Imag-
ine putting up a building in the wrong place or an automated
tractor running through a fence or internal walls incorrectly
located during a Building Information Modelling (BIM) pro-
cess? While these technologies have the potential to im-
prove safety standards, there is also a potential for harm if
used without sound knowledge.

While he believes in fully embracing innovation, CVEN
Surveying and Geodesy lecturer Dr Craig Roberts is ask-
ing some necessary, pertinent and cautionary questions to

Below: Dr Craig Roberts

those that gather and use geo-spatial data. Do those collect-
ing geospatial data know which datum they are using? Are
they equipped to recognise errors and account for them? Do
they know, as surveyors do, the difference between ‘ground’
and ‘grid’? As grid flattens the curved surface of the earth
can they include scale factors?

After geospatial data is collected how is it understood and
analysed? It is time consuming digesting and processing
data and point clouds can have so much detail. So how are
we to select data to create a model? On which criteria do

we base selection? Where are we
to find the expertise to reconcile
data from many sources? How can
engineering clients understand the
relationship between accuracy and
cost, between technology type and
project type?
Once geospatial data is pro-
cessed where is it to be stored?
How much will this cost? Are there
multiple sets of the same data?
What are the impediments to shar-
ing data? Is commercial confidenti-
ality causing costly replication? For
users of data, do they know where it has come from and how
reliable that source is or shall we all just trust Google? What
about ambiguous or redundant data? Who will decipher it?

These questions raise more questions about how to train
students in a rapidly evolving discipline. How can geo-spa-
tial engineering and surveying students be prepared to deal
with the technological advances whilst maintaining founda-
tional knowledges?

As Craig Roberts notes “New tools do not change the fun-
damental principles of surveying.” But perhaps these ad-
vances may change surveying practices. Chris Rizos can
see a new future emerging. “Now, because it is so easy to
“make maps”, surveyors are moving towards becoming spa-
tial data managers. As Geospatial Surveyors, they are also
becoming geo-IT specialists.”

As the work life of a geospatial engineer is changing in
very particular ways, Professor Rizos also notes that this dig-
ital revolution is changing all our lives in a very broad and
abstract manner.

“Going from ‘analogue’ to ‘digital’ is having huge impacts
across a wide spectrum, from merely converting paper re-
cords to images or numbers, to truly unlocking the poten-
tial for new services, new capabilities, new insights, and
ultimately a new way of interacting with the physical or
digital world.” ©
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THE LEGACY OF PFAS

UST HOW big a problem we face in Australia

regarding the proliferation of per- and poly-flu-

oroalkyl substances (PFAS) and perfluoroocta-

noic acid (PFOA) in our water supplies remains

to be seen. But with contaminated sites being
increasingly identified across our nation, and across the globe,
the race is on among researchers to figure out how to break
down and neutralise these incredibly resistant and potentially
harmful compounds.

“PFAS and PFOA are very stable chemical compounds which
have been used in the manufacture of a wide range of commer-
cial and industrial applications since the 1950s,” says Associate
Professor Denis O’Carroll, Director of UNSW’s Water Research
Centre, and an expert in engineered nanoparticles in the envi-
ronment, particularly in groundwater systems. “They are effective
for stain, oil and water-resistant consumer products but also ap-
pear in cleaning products, paints and firefighting foams.”

O’Carroll explains that PFAS and PFOA in firefighting foams
are a particular problem because they have been used exten-
sively across the world for nearly 50 years. They work by spread-
ing foam on the fire (which smothers the oxygen and puts out the
fire) and in some repeatedly used fire training areas they appear
in scarily concentrated levels. “There is a pressing need to de-
velop clean up technologies because currently there is no way
to remediate sites like this,” he says.

In one well-publicised Australian
incident in 2016, toxic chemicals
used in firefighting foam leaked from
the Williamtown RAAF Base in NSW
and were subsequently found in the
local water and food supplies. The
Department of Defence continues
to investigate other sites for contam-
ination, and chemicals have already
been detected in other areas of
Queensland and Victoria.

“The big problem is that the sta-

ENVIRONMENTAL FUTURES |

bility of these chemical compounds makes them incredibly per-
sistent in the environment. They are being found in many natural
sources of water and in fish, animals and humans too. In the US,
for example, 97% of the population has measurable quantities of
these manmade compounds in their blood,” he continues.

In addition to not degrading in the environment they have been
found to easily move from soil to groundwater and can also travel
long distances. Some studies suggest that almost every person
on Earth has these compounds in their blood which gives some
indication of the scale of the problem.

O'Carroll says that although alarm bells have been ringing
since the 1990s only recently has there been a monumental shift
in our thinking about the health impacts and risks. There is still
a lot of uncertainty and much debate around the health implica-
tions, but they have been linked to cancer and immune suppres-
sion in infants.

Currently O’Carroll has teamed up with UNSW colleagues Pro-
fessors Mike Manefield, Stuart Khan and Dr Matthew Lee on an
ARC research project which will specifically address the PFAS
problem. “Although currently, we have way more questions than
we do answers,” O’Carroll says, “my hope is that our work will go
some way to help accelerate the eventual solutions.” ©
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| CONSUMER CITIES

An internationally acclaimed expert in the fields

of integrated sustainability and carbon footprint

analysis, Associate Professor Tommy Wiedmann
has a sobering message for our cities.

SSOCIATE PROFESSOR Tommy Wiedmann

is a passionate defender of this finite planet

and his research revolves around the ques-

tion - how do we achieve concurrent human

and planetary well-being? One of the world’s
most widely cited academics, Tommy has recently been
contributing to the international report ‘Consumption-based
Green House Gas Emissions of C40 Cities’. The C40 Alli-
ance functions as a global facilitator of conversations, as a
research hub and a generator of bespoke climate change
solutions for modern cities.

Cities emit 70% of the world’s carbon dioxide. Or so we
thought. In actuality, it could be much higher than this. Car-
bon footprint accounting has traditionally been focused on
sector-based production. The innovation of this report, and
part of Tommy Wiedmann’'s core research mission, is the in-
clusion of consumption-based emissions in its account and
analysis of individual cities. His team at UNSW has part-
nered with the University of Leeds, UK, to develop the model
and calculations for the C40 report.

Interestingly, the report revealed that much of a city’s foot-
print lies outside its boundaries. “We have done this con-
sumption-based analysis for 79 cities around the world, in-
cluding for the cities of Sydney and Melbourne. We found
that about half of Sydney’s and Melbourne’s carbon footprint
comes from outside of the city boundary.”

The broadened equation of consumption based analysis:
consumption = production + imports - exports, creates a tru-
er and more alarming picture but it does allow city planners
to develop inventories and strategies that can target the real
problem. And seeing the true picture is vital.

“We're still going in the wrong direction on climate change,”
said Mark Watts, executive director of C40 Cities. Global car-
bon emissions have increased 60 percent since the inter-
national 1997 Kyoto agreement to reduce emissions. Using

more renewable energy and mass transit won’t be enough to
reverse this. We have to reduce our consumption.”

Tommy Wiedmann adds “All the efforts to reduce emis-
sions from buildings and traffic are good, but they are, by
far, not the only emissions we need to look at. We need to
make equal efforts to reduce emissions in building materials
and from food production and we need to address emissions
from consumption.”

Wealthy, service-based ‘consumer’ cities like Sydney and
Melbourne are in fact outsourcers of pollution. Many cities in
developing nations, who are producing obvious GHGs, are
often doing so in the process of producing our consumer
goods. When the emissions associated with our consump-
tion of goods and services are included, our cities’ emissions
have grown substantially and, according to the C40 Report
are among the highest in the world on a per person basis.

Much of the responsibility and the power, then, falls to us,
the citizens. And we can act now, as communities and as in-
dividuals. Shopping consciously with ethical, environmental
and sustainable local and global production in mind, and in
daily practice. As Wiedmann says, “Smart and sustainable
cities of the future will have to be zero carbon ‘inside’ and
low carbon ‘outside’. They will have to be regenerative, ab-
sorbing CO2 emissions from the atmosphere through green
infrastructure, and making the most of reusing, repurposing
and recycling goods, materials and waste.” ©
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