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Executive smmary

Looking forward, a number of global developments are combining to shrink supply chains.
New technologies, collectively called Industry 4.0, are making production more mobile as
automation reduces the importanagf large pools otheap labour. This is fatating a shift

of production toward consumerseducing inventory costhile allowing greater

customization anadonsumer responsiveness. Some products are gestingller (or flatter,

like TVs) whilethers are becoming digitized (like books, newspapers, music). Urbanisation
andthe aging of the Australiagpopulationistendingto reduce per capita resource
consumption. The net resullf these trendds a weakening in container flows, creating
downwardpressure on freight rates-or the foreseeable future, excess capauityhe

shipping industryvill keepdownward pressure oncean shipping and port costs

Technological advances under the headings of electrification, digitalisation and automation
havethe potential to dramaticallymprove freight productivityProductivity relates to the
efficiency with which inputs are converted into outputs. In national accounting, the primary

! This paper is a contribution to thenquiry into National Freight and Supply Chain Priorities and has
been commissioned by the Department of Infrastructure and Regional Development (DHiD).
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inputs to any sector are capité), ldoour (L), energyE), materialgM) and servicegS).
Electrification, digitalization and automation will in combination raiseitipt of capital at
the expense of laboudecreasenet energy consumptiorgnd reduce the input of services
As the output othe logisticsindustryis a senae, fewmaterials (intermediate productgre
consumed.

Electricvehicles(EVs)f all kinds, including the cranes used in ports, have the ability to
regenerate electricity while braking and lowering loads, thereby reducing net energy
consumption ancemissons. Moreover, electric trucksan be tailored t@ wide range of
applicationdgn support of urban supply chainEhe move to E¥/is loweringhe barriers to
entry to vehicle manufactur¢o the extent that Teslawith no track recordn the motor
industry, has been able to establish itself as a leadimgplier of luxury EVs. It is widely
acknowledged in the motor industry that the keyftdure success lies in the batteriess
evidenced by the rapid rise of Chinese battery maker and now vehicle mangaByD,
creating a sense of panic among some established vehicle manufacidrersave so far
neglected thidechnology Australia possesses the main ingredients for batw(lghium,
nickel, copper, caéilt), socould make the production of batteriescantral feature of an
industrial strategy designed to resurrect a domestic vehicle manufacturing industry

Digitalisation igacilitating the automation of data storage and handling in supply ché&ns

shipping e-certificates for ships and seafarers ag@dually gaining acceptance. The

standards required for the secure electronic exchange of trade documents, like bills of

lading, letters of credit, invoices, guarantees, insurance certificates etc, are emeingiig. S

window andport communitysystemswhich collate documents and data in a single

database then factiate stakeholder accesy | a4 S O dzNB babig SeSspreadiy 1y 2 6 Q
to more portsworldwide but making slow progress in Austral&hile digitalisation raises

the need for new and bettecyber secuty, it will undoubtedly facilitatenajor gains in

productivity.

Automation is transforming cargo handlinfhe standard dimensns of shipping containers
facilitate the automationof intermodal freight transportAutomatedstacking cranes and

automated guided vehicles (AGW@re introduced in Rotterdam in th£990s. More
recently,Autostrads (automated straddle carriers) were pioneered in Brisbane and have
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The technial development of autonomous ships is progressitegadily although IMO
regulations are yet to catch up. Calculatidnghe author (see formula on padg® reveal
that by reducing the fixed cost of shippirthe optimal size for an autonomous ship will be
smaller than its conventional counterpart, making supply chains more continuous and
increasing the number of accessible Australian ports. By athaieg thelabour cost
component of shippingcoastal shipping maynce agairbecome price competitive with
road and railpotentially obviating the need for expensive new interstatansport
infrastructure.Given the importance of ocean shipping, and the potential benefit dastal
shipping, Australia hasianterest in actively furthering the development autonomous

shipping



Freight productivity

The first paperargued K G GKS GdeNlyye 2F RAAGIYyOSE R2S:
export chains or for import chainblowever, there are still significant inefécicies in

Australian logistics whichampereconomicgrowth.

There has been government concern recently about slowing productivity growth, reflected
in the Shifting the Diateport published by the Productivity Commission this y&wower
productivity growth translates into slower income growtfive categories of input the
process of production, referred to dactors,aredistinguished in national accounts, namely
labour, capital, energy, materials and servid®& can look at gher individual factor
productivity ormulti-factor productivity.Multi-factor productivity in the Transport, Postal
and Warehousing sectdras slowe since2003 and declined sin&007. This has been
attributed to capital deepenindue to large capitahvestmentsin the sector rather than
declines in labour productivity.

The causes of thdownwardtrend in multi-factor productivity which is afflicting other
developed economies as well, are not entirely understdedpid technologat advance in
recentyears §martphones, the internet, cloud computingapps of & kinds, 3D printing and
other technologies associated with Industry Yasyet to significantly raisenulti-factor
productivity. This may be because we have yet to learn how to take full advantage of these
new technologies. It may also be thaw technologies havimdeedincreasedhe quantity

of services offeredyut prices have fallen becauseemandhasnot kept pace withthe

supply.¢ KS WwW3IA I SO2y2Ye Q sbme&mpldyihéntinGHe Faddpérfandl G A 2 y 2
freight industriegUber, Deliverogpetc.)is evidence ohew technology generating new but

low paid jobgrovidingcheaper servicegausing labour and muitactor productivity to

appear todeclineon the baclof falling wages and prices

Historically the ports have constituted bottlenedkssupply chaindeadingthe Australian
Productivity Commission tstudy port performance in 1998 and commence regular
Y2YAUG2NRY IS NBLR NI SR Inihg absehce of @ffaciive tompesitibid A y' S
between Australian pas, the landlord model has been successfully deployed in the capital
city ports. By sparating the landlord, who is responsible for the infrastructure (the quay,

the breakwaters, and the yard), from the operators, who are responsible for the
superstructure (the cranes, warehouses, and vehicles) as well as cargo handling, an element
of intra-port competition can be generated. In the ports of Brisbane, Botany, Melbourne

and Fremantle, three terminal operators compete with each other for the container

handling business. In Adelaide, there is only one terminal operator, who periodically
retenders forthe contract to handle containers, also generating some competitive pressure.

x
N

Waterline has reported improving containport productivity, althoughit is still below
levels achieved in larger container pomtsthe northern hemisphere, indicating thathile
intra-port competitionhas improvedefficiency, it is not as effectivia raising efficiencas
inter-port competition experienced in northern Europe, China MualaysiaSingaporeAny

2 Figure 5 in BITRE Information Sheet 55, 2014.



comparison of bulk ports is likely to show that Australia is neddy efficient, because of the
high level of investment in railway, stockyard and ship loading equipment.

Industry 4.0

The first industrial revolution was steam, the second electricity, the third computers and the
fourth a collection of new interconnecig technologies including the internet,

smartphones, cloud computing, and 3D printing. Although their impact on freight
productivity is yet to bayreat, it is expected that eventually these new technologies will
prove transformative. For freigigroductivity, the key elements of Indust#.0 arelikely to

be electrification, digitalization and automation. We look at ea€tthesein turn.

Electrification

With advances in battery technology, electric vehicles (EVs) are gaining in capBibdity.
internal combustion engineyith its emissions oBulphur oxidesx), nitrus oxides O,
carbon dioxide€CO2 and particulatesis becomingncreasingly unacceptable becausatef
impact on human galth and the urban environment. By contrast, EVs hmere emissions if
the electricity is sourced renewably. Thattery poweredgV is well suited to urban logistics
(Box1) because of its acceleratioguietness andhe limited rangerequired formanyurban
delivery operationsCurrently the range betweerharges is around 200km. Where longer
ranges are required, overhead power lines arpossibility on motorways (B&j or,
alternatively compressed hydrogen and fuel cells offer around twice the range of batteries
alone(Boxes 1 andB). Trams in central Eape are offering a new way to move good in
cities but require offnetwork loading and unloading areas so as todistupt passenger
services (Bo#). Additionally, drones (Bo%) will find a niche for jusin-time deliverieslt is
important that Australia prepares its large coastal cities for a shift tg BM&ch will

transform not only personal mobility but also urban logistics.

Box 1: StreetScooter ramps up production as demand grows for
e-vehicles

- Deutsche Post-DHL is ramping up
production of its StreetScooter
subsidiary as it looks to roll out

more than 20,000 of the “e-

vehicles” a year.

- StreetScooter’s latest model has a
range of 200 km, and a top
speed of 120 kph, with DHL
noting that a number of customers
are looking for increased range.

- The company has also begun a 2-
year project to test a fuel cell
model, with a range of 500 km.

Source: www.theloadstar.co.uk, 3/10/17




Box 2: Siemens to bring e-highway demonstration to California

— The e-highway has started a 2-year trial near
Gavle in central Sweden.
— Hailed as innovative, economical, and

environmentally friendly, the e-highway concept
is being tested in California near the Los
Angeles and Long Beach container ports, where
truck traffic is intense.

— The new technology permits the trucks to
operate as electric vehicles when on the e-
highway, and as hybrid vehicles elsewhere.

- Source: www.Lloydsloadinglist.com, 15/8/16

Box 3: Toyota Motor North America tests hydrogen fuel cell
trucks on drayage routes

- Local, frequent trips (around 320
km per day) will test the drayage
capabilities of the fuel cell system.

- So far, the truck has successfully
completed 6,400 km (320 km per
fill).

- Toyota will introduce longer routes
as the study progresses.

- The truck generates more than
670hp from two fuel cell stacks

and a 12kWh battery, a
relatively small battery to support

US class 8 load operations. Source: www.porttechnology.org,

15/10/17




Box 4: Electric trams shuttling groceries and car parts around

European cities

In Saint-Etienne, France, older trams
are used to move produce from a

warehouse on the outskirts to Casino
stores in the city centre once a day.

In Dresden, Germany, two blue
freight trams, operated by city
transport company DVB, run up to 3
times per day and take around 25
mins to cover the 5.5 km route
between a VW logistics centre and
the e-Golf assembly plant. The route
is shared with passenger services.

Source: www.theguardian.com, 5/11/17

Box 5: Zurich drone delivery test the first in a major European

city

Mercedes-Benz, Swiss e-commerce
platform Siroop and US drone
developer Matternet embarked
on a 3-week trial of a same-day
delivery service in Zurich,
Switzerland.

Drones will deliver goods
weighing up to 2 kg to a landing
platform on courier van roofs, and
the vehicles then make the final
delivery to consumers.

Source: www.theloadstar.co.uk,

3/10/17




Digitaliation

An important manifestation of digitalizatidior Australian supply chains theSingle
Window, which is the core of Rort Community System (PCHB)e UN Centre for Trade
Facilitation and Electronic Business (UN/CEEAY RS TAY S&a | afadilyy:h&tS 2 Ay R
allows parties involved in trade and transport to lodge standardisextnmétion and
documents with a single entry point to fulfil all import, export and tramslated regulatory
NE |j dzA NBMhigyha Sirigle Window Inited to the regulatory requirement®f
international trade a PCS served supply chairstakeholdes. However, the concept is the
same:Data should only be submitted onedectronically reducing erros, increasing
transparency, improving security, reducing delayports,and cutting trade costs (BoxX%).

A national PCS for Australia has been reseatehensively by NICTAdw Data61) on

behalf of the Western Australian Governmemid by the National Transport Commission
(NTC)In 2016, the Department of Immigration and Border Protection, Australian Business
Register Program and the Department of Foreign Affairs and Trade formed a partnership to
undertake two research studies, ti@omestic Single Window Stualygd thelnternationd

Single Window Studyo assst the Australian Governmerketermine the next steps for
Australian tradeTo date, there are some services suci-&top(https://www.1-stop.biz/)

but no fully integratechational PCS.

The introduction of ecertificates for ships and seafarers by ship registries and ship
classification societies has the potential for reduce fraud and cut the cost of port state
control inspections by the Australian Maritime Safety Agency (AM3&)wse, the move to
electronic bills of lading, guarantees, letters of credit and other trade documents will
eventuallycut the cost of trading.

The first and last leg of supply chains is both a difficult challenge and an opportunity for
creative thirking amang app developers (Bag. Although the result may be that freight
moves more efficiently, the impact on freight productivig measuredby BITRE df

example in Information Sheé&,2014) may ironically be small or negative as it may reduce
prices fordelivery services and generate casual, low paid jobs.


https://www.1-stop.biz/)

Box 6: Marseille upgrades its Port Community System (PCS)

- The previous PCS could not avoid the
need for paper documents, but the
vpgraded system links all port
activities together in one place
electronically.

- The software communicates directly
with external systems, such as the Port
Authority Vessel Traffic System (VTS)
and the Cargo Community System
(AP+).

- At its core is a Single Window
complying with EU Directive
2010/65, simplifying formalities
between EU ports.

Source: www.portstrategy.com, 5/11/17

Box 7: The car boot as a lock box for delivery or pickup

- DHL is working with Volkswagen
on a new method of delivery —
leaving parcels in the boot (trunk)
of cars.

- An app from the car manufacturer
tells DHL delivery drivers where
the car is, and gives them a code
with which to open the boot.

- Once the boot has been closed,

the access code no longer works.

- Couriers can pick up parcels, or
drop them off. Source: www.theloadstar.co.uk, 3/10/17

Automation

Perhaps the biggest improvement in freight productivity will be achieved by automation.
One area of particular interest and relevance to Australia is the automation of shipping.
Automation is proceeding as a number of steps leading tqtiogressiveeduction of crew
sizes. The first steps are already underway. Largeshlaie autopilotsywhich will become
smarter with the addition ofihtelligent awareness systerf¥80x8). Navigation and cargo
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supply chain integration.

Landside control is likglto be an early feature on the road shipautonomy, with a shore
based operator taking the role of the pilot, thereby obviating the need to send out a pilot to
the ship by boat or by helicopter. The responsibilities that currently reside with the master
of the ship (the captain) could pass to the shbased operator.

As ship autonomylevelops, there will be aeed forgreaterequipment reliabilityas

onboard engineers argraduallyremoved In aircraft safety and reliabilitys achieved
throughduplication For example, when one engine fails, the other(s) are sufficient for the
aircraft to proceedsafely Similarlyautonomous shipwill needduplication for exampleat
least two engines, so thaif one fails, it is possible for the ship to peed safelyo the next
port of call

The removal of the crew, crew quarters and crew safety equiprfiia a lifeboatsaves a
significant amount of spaaen board It also reduces the optimal size of the shgrause of
the reduction in the fixed cogthe cost of operating the ship irrespective of the amount of
cargo carried)Let0’ be the optimal size of the ship measured in deadweight tonnes (dwt),
"Ybe the total quantity to be shipped (in tonnes per day)be the fixed cost per trip (for
exanple, the trip charter costj(be the inventory cost per tonne per day aadbe the

storage cost per tonne per day, then

Hence, everything else being equal, a halving of the fixed cost per trip would lead to a 30%
reduction in the optinal size of the shim terms ofits carrying capacity

A reductionm the size ofan autonomous ship in comparison to its conventional counterpart
would increase the number of ports that can decessedasnarrower and shallower
channels could be used and smaller cranes could be deployed. This in turn raises the
interesting question as to whether this would be sufficient to revive the Australian coastal
shipping industry for containerized cardn.Scandinam, autonomy is perceived as a huge
opportunity for coastal shipping (BdxX). A consortium led by Wartsila, a Finnish idegr

and builder of marinengines, is aiming to introduce a fully autonomous cargo system to
the Balticby 2025 (Box 11

While greaer ship autonomy raises new cyber security threats, it also provides interesting
security applications. Roll Royce has proposed an autonomous patrol ship equipped with
drones for enhanced visibility, electric propulsion for greater reliability and steatti

solar panels to keep the ship at sea for long peri(Bisx12). Given the extent of the
Australian coastline, this could laa attractive optiorfor the Royal Australian Navy

Perhaps the largest impediment to ship autonomy on the high seas willdopassing of
the necessary conventions and convention changes through the International Maritime
Organisation (IMO) ahthenthe ratification of thesefor national jurisdictiongBox13). In



the meartime, interest is focusing on trialing autonomous shipsoastal waters where
national jurisdictions apply, such as the Norwegian coast and the BdigcAustralian
Maritime Safety Agency (AMSi&)reported to be open to the prospect of unmanned ships
under certain conditions angdermitted an unmannechydrographic vesseéb operate this
yearoff the coast olWA by granting exemptions to a number of regulatory requirements
([ f 2 & R®AXugutZOE)i

Box 8: Rolls-Royce and Google Cloud team up to make
autonomous ships a reality

- Rolls-Royce and Google are
developing ‘intelligent awareness
systems’, which are essential to
making autonomous ships a reality.

- Rolls-Royce will use Google’s
Cloud Machine Learning Engine to
train artificial intelligence (Al) to
detect, identify, classify and track

objects at sea.

- Intelligent awareness systems will

also benefit shipping now by Source: www.seatrade-maritime.com,
making vessels and their crews 4/10/17

safer and more efficient.
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Box 9: Rolls-Royce and TCOMS develop smart ships

- UK-based engineering company
Rolls-Royce and the Technology
Centre for Offshore and Marine
Singapore (TCOMS) have formed
a strategic partnership for
developing smart ship
technologies.

- By developing demonstrator
technology around sensors, data
analytics and the Marine Internet
of Things (MloT), ships will become
more reliable, efficient and

integrated into global supply Source: www.worldmaritimenews.com,

chains. 18/04/17

Box 10: Autonomous vessels a 'huge opportunity’ for shortsea
shipping

- Yara Birkeland will be the first
fully electric and autonomous
container ship due for delivery in

second half 2018.

- There is a huge opportunity for
shortsea shipping, but it will take
rather longer before fully
autonomous ships are crossing the
oceans.

— Source: www.sedatrade-

maritime.com, ]/6/] 7

- Image courtesy of YARA Birkeland
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Box 11: Wartsild takes part in autonomous shipping project

- Wartsila Corporation (engine
designer and builder) and marine
information and communication
technology (MICT) companies are
part of a project to create the first
autonomous marine transport
system.

- The initial focus will be on a fully

autonomous cargo system for the

Baltic Sea by 2025.

- Wartsila believes that artificial
intelligence, robotics, and remote
connections will play an important ~ Source: www.worldmaritfimenews.com,

role in the future shipping industry. 18/04/17

Box 12: Rolls-Royce unveils plans for an autonomous patrol
ship

- The ship will use a combination of e
artificial intelligence and sensors
instead of a crew allowing it to
perform a range of roles (for
example, a drone launching pad).

- Electric power will assist stealth,
reliability and the environment.

- Rolls-Royce plans to equip the

boat with solar panels and
3,000kWh of energy storage to
keep the ship loitering for as long
as possible at sea.

Source: www.engadget.com, 14/9/17
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Shrinking supply chains

One consequence of automation is a greater ntigbfor production, whictbecomesless

dependent on abundant supplies of cheap labds.a consequence, production will tend to

move toward the main marketss being close to the consumer minimizes inventory and

facilitates greater customization. ThispgessNEF SNNBR (2 & Wy SF NJ aK2 N
has been observed in a number ofwe@doped countries. Industry 4t@chnologies are also

facilitating smaller batch sizes, enabling production to be more distributed. Taken together,

these developmentare causing supply chains to shorten.

In addition to shorter supply chains, demand for manufactured products is facing a number
of headwindsAs the populations of developed and developing countries agewtdadthier
retiring generation is consuming lesssources whilethe youngermillennialgeneration,
saddled with student debts, high rents and competitive employment marketsnot
compensate for the falling consumption of thetiring generation. Develpments

associated with Industr$.0, suchasth#3A 3 SO2y 2Ye QX relatFelyloNB | Ay 3
paid jobs leading to low unemployment with low wage growtid low productivityAs a
consequencesupply chains are exhibiting a tendency to shrink both in terms of length and
width (or volume).Since theGFC, the rate of growth of container floweasured in TEUs
through Australian port$l.6%per annumin 2016, according to Waterlirg) has fallen

below the rate of growth of GDR.8%per annumin 2016 according tahe World Bank

Anindustrialopportunity for Australia

The growing significance of EVs around the world, together with the growing need for
batteries to smooth out fluctuations in electricity generated by intermittent sosigéand
and solar), is driving the growth demand forlithium. As Table 1 showAustralia was the
top lithium exporter in 2014in 2016Australia accounted for 41.5% share of world output
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