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T he main aim of taking an inte-
grated approach to processes 
and systems involving material 

movement from pit to port is finding 
solutions to minimise cycle times and 
operational variation. 

If thought of in terms of the theory of 
constraints, the aim is to increase 
throughput across the whole mining 
value chain, while at the same time 
reducing product inventory and reducing 
operating expenses – making the 
company more profitable overall.

An integrated approach provides a 
much better understanding of the 
complex systems and processes at work 
between the mine site, logistics 
operations and the port. It also means 
that the roots of the problems become 
easier to identify and correct.

A focus on reducing cycle times and 
operational variation means that assets, 
such as rolling stock, cycle more 
efficiently and fewer assets are needed 
to perform delivery tasks. This lowers 
the capital and operating costs per 
tonne of product, and helps mining 
companies to become more competi-
tive in the global marketplace.

Proper integration planning upfront 
will ensure that the wastage of time, 
resources and capital in the whole 
process is eliminated and the cost of 
improvements/redesigns later on will 
also be eliminated. High-cost items such 
as demurrage for shipping can be 
reduced.

In addition, activities such as 
maintenance can be better co-ordi-
nated across the supply chain to 

minimise the capacity loss for the total 
logistics system.

Technology is an important 
component of resource-integration 
efforts. In the past, it was difficult to 
gather data, and visualise and optimise 
material movement across a mining 
value chain that might encompass many 
mines, plants, refineries, smelters and 
logistics.

The traditional silo structure of 
designing and modelling pit-to-port 
operations creates a risk of misaligning 
the subsystems – including material 
transport to the port via rail/road/
conveyor/barging and within the port 
itself – which will cause the planners to 
over- or under-estimate the perfor-
mance of the system, and therefore 
under-design or over-capitalise the 
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system and its capabilities. With the 
better networks, data collection, 
storage and processing available today, 
a more integrated approach is easier to 
achieve. 

There is currently a range of 
computer simulation software, for 
example, that can model how the 
product moves from pit to port, to help 
better understand the potential 
capacity of the supply chain and how it 
can be improved, and minimising the 
risk faced in such a complex system.

Johan Fischer, senior consultant at 
Fischer Consulting, says: “With the use 
of simulation modelling, mining 
companies can plan for factors such as 
tides affecting rivers and shallow berths, 
rail, road, river and port traffic, 
maintenance, breakdowns and the 
butterfly effect – delays in one part of 
the system and the effects thereof on 
the opposite end.”

This more realistic picture of the 
system’s capacity makes it easier for the 
merits of alternative infrastructure 
configurations to be assessed, as it 
includes a greater range of system 
elements to interact in its calculations.

The downside of such integration is 
related to the relatively high spend on 
studies, interpretation of the results and 
the implementation of solutions. In 
addition, the degree of informational 
flexibility offered by the integration of 
the processes and systems is paramount 
as the dynamic of the market could 
make the integration of processes 
redundant in the short to medium term.

Best Practice
By definition, the optimisation of the 
mining supply chain is related to a 
maximisation of output (revenue) and 
minimisation of effort (costs), while 
maintaining a robust operational plan.

The system processes and capacity 
should be evaluated as a whole, using 
net present value (NPV) versus capital 
expenditure (CAPEX) trade-offs and 
simulation modelling. Fischer recom-
mends: “Avoid using rules of thumb 
such as ‘10% of production needs to be 
in the port stockyard’, as there are 
better ways to determine the optimal 
storage capacity.”

Best practice includes the implemen-
tation of a solution to optimise 
schedules across the chain, then 
implementation of performance-man-
agement solutions to execute and 
improve. Greg Johnson, senior 
manager, operations optimization at 
Schneider Electric’s mining & metals 
center of excellence, says: “We call this 
the integrated planning and optimisa-
tion solution. This solution works on the 
core business of increasing throughput, 
while reducing operational expense.”

Designing the overall supply chain as 
a ‘pull system’ can help to make the 
port more efficient and optimise the 
overall supply chain at one of its most 
critical points. Pull systems, which are 
also known as ‘cargo assembly’, avoid 
the kind of large stockpiles of product 
common at traditional ports. Trains, or 
road trains, run on a fixed schedule to 
feed either smaller stockpiles or ideally 
load the products directly to the ship.

Pull systems involve a higher level of 
operating precision and synchronised 
co-ordination, but if achieved 
successfully then the savings for port 
operations costs can be substantial. As 
they reduce the port’s requirement to 
store stockpiles, pull systems help to 
shrink its land footprint. 

Rob McAlpine, global freight rail 
director (Brisbane) at AECOM, explains: 
“Pull systems are about aligning the 
right type of product, with the right 
transport method at the right time for 
the right ship.”

The alternative approach is a ‘push 
system’, where the product is trans-
ported by rail to the relevant product 
stockpile at the port. This enables the 
efficient cycling of rolling-stock assets, 
but requires a greater land footprint at 
the port. The best operating model for 
a given supply chain depends on the 
specific circumstances.

The mining supply chain also needs 
to be flexible enough to allow for the 
maximisation of market opportunities 
during times of increased demand, and 
supple enough to allow for profitability 
during periods of market contraction.

Mirel Rusu, managing director at URB 
Mining Logistics Consulting, says: 
“Operationally, identification and relief 
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of bottlenecks should lead to capacity 
optimisation. This is harder to achieve 
when the supply-chain infrastructure has 
multiple stakeholders with diverging 
interests, and easier when the supply 
chain is controlled by one entity only.”

Due to their interconnected nature, 
supply chains are only as strong as their 
weakest link. It is important that the 
system operator has an effective 
root-cause method of performance 
reporting, so that management focus 
can be directed to the most value-add-
ing activities.

For instance, a poor locomotive 
performance with several breakdowns 
in service during a working day can 
impact other parts of the system, 
manifesting itself in a situation where 
train paths are ‘lost’ and leading to 
queuing of trains and a loss of system 
momentum. In some cases, this can 
result in a train cancellation due to 
crewing availability.

McAlpine notes: “At the port end, 
ships can be delayed at great cost as a 
result of demurrage charges. So a 
simple event like a locomotive failure 
can greatly affect the performance of 
other parts of the supply chain.”

On the other hand, Paul Robson, 
director at SmartWorker, gives an 
example of a client – a major port 
authority responsible for the cargo 
handling of coal to overseas shipping 
routes. The ship arrived and docked  
at its nominated port, and was loaded  
with coal.

He explains: “However, the ship 
missed the ocean tide and was unable to 
leave on schedule. It had to stay docked 
for an extra six hours until the tide 
turned, so the entire supply chain 
endured a monetary hit.

“How was this anything to do with the 
mine site? Simply put, the cause was a 
domino effect from the start. The coal 
loading and train transport was delayed 
by 1.5 hours. The coal train then had a 
half-hour wait to unload at the port. The 
conveyor belt at the port had a one-hour 
shutdown to adjust a roller.”

streamliNiNg advice
A good starting point for mining 
companies that are planning to 
streamline and integrate their operations 
is understanding how the operational 
goals align with the company’s 
statement and mission. Long-term goals 

are achieved through decisions affecting 
short- and medium-term activities.

Some mining companies would 
benefit from streamlining and integration 
in the short term, some would benefit in 
the long term, and there may also be 
some operations where due to certain 
parameters the costs would outweigh 
the perceived benefits. The specifics are 
essential in this line of work. 

Rusu says: “My advice always relates 
to specifics of the customer. The trick is 
to balance the risks, current capabilities 
and goals in order to achieve the best 
commercial outcome.”

Planning the streamlining well, and 
not rushing, is crucial for the system to 
work. Robson suggests: “Focus on the 
big-ticket items while trading off the 
benefit. Hundreds of vendors will 
promise the Earth in operational savings 
in streamlining operation time and costs, 
and the majority will and can do this, but 
these systems and implementations are 
only as good as the staff driving them. 
Experienced and well-trained staff can 
drag every last drop out of perfor-
mance.”

Fischer says: “Start with the process 
today. Cost wasted on inefficient systems 
will be lost forever. Use the correct tools 
and people to evaluate the process and 
do not underestimate the value such a 
project will bring; with such complex 
systems, savings that you have not 
thought of could arise.”

While the range of methodologies 
and technologies for optimising the mine 
supply chain is growing increasingly 
broader and more sophisticated, it is 
important for miners that their 
optimising efforts remain focused on 
minimising cycle times and operational 
variation.

A vision should be created, and 
support built for the changes that need 
to be made. There is a lot of help 
available for this from vendors and 
consultants. A consultant can work 
closely with a mine operator to identify 
the sources of operational variation in 
supply chains and to jointly develop 
strategies to lower cycle times and 
operational variation. Consultants can 
support this strategy work with 
measurement systems and change-man-
agement processes that are fundamental 
for effective execution. 

McAlpine explains: “For instance, a 
simulation team typically works closely 
with operations managers of client 
organisations to ensure that the 
modelling is realistic and reflects the 
real-world factors affecting perfor-
mance.”

People, processes and technology 
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need to be aligned. Without these three 
factors working together, resource-to-
market optimisation will not be 
successful.

Johnson says: “Start with the basics. 
You need to have a plan, execute against 
the plan, and analyse variances in order 
to improve in the next cycle. Once there 
is an understanding of these processes 
and people are committed to them, you 
can look at technology and systems.”

integration in a downturn
Getting costs under control will always 
be a focus for mining companies, but 
this is particularly the case in downturn 
periods such as the one industry has 
recently experienced. This has resulted 
in a reduction in capital spending, but 
operational effectiveness is now more 
important than ever.

As streamlining and supply-chain 
integration generally deliver long-term 
cost savings, and increased visibility 
through the supply chain facilitates 
better supply-chain management, it is 
natural for more companies to examine 
this opportunity. This is particularly true 
for the larger companies; however, the 
uptake in smaller companies varies a lot 
depending on their commodity and 
current development focus.

Fischer comments: “We have had 
instances [with juniors] where the mineral 
logistics were considered to be ‘easy’ or 
‘we will quickly solve it when we get 
there’, which led to them underestimat-
ing the risks and complexities.”

Evaluation, implementation time and 
costs are the key elements in this 
equation. Rusu says: “I’d say the current 
downturn acts as a natural selection tool. 
Marginal operations set up in the 
effervescent market conditions of a few 
years ago by executives with strong will 
but little supply-chain understanding 
would pay the price and would fail to 
survive.”

trends
Streamlining operations makes sense as 
long as it delivers cost savings and adds 
to the overall operational flexibility. The 
visibility of inventory, production, 
maintenance, energy and environment 
can be integrated into a single ‘value 
chain operations view’. Each discipline 
and each work centre are no longer 
being totally managed in isolation, but 
considered in the overall context of the 
operation. 

New IT around mobility enables virtual 
teams from vendors, miners and other 
experts to work on problems. Johnson 
predicts: “In the future, we will see IT 
impacting even more on these types of 

solutions with services, not just software, 
delivered from the cloud.”

Automation will most likely continue 
to have an important role in both 
increasing the supply chain’s efficiency 
and safety.

McAlpine says: “Taking trains as an 
example, there is an obvious benefit in 
lowering the labour costs of train crew, 
but the total benefits are much larger 
and relate to operating assets exactly as 
they are designed to be operated. This 
can create lower fuel and energy 
consumption, lower wear and tear and 
the associated rolling-stock mainte-
nance costs, and cycle-time reductions, 
which enable more product to be 
transported for a given level of rolling 
stock.”

Automation also eliminates human 
error, which is an ever-present safety risk 
in pit-to-port operations. Even the most 
diligent of employees can have a 
temporary lapse of concentration that 
creates the potential for a major safety 
incident. McAlpine explains: “An 
example would be a train driver that 
passes a signal at danger, creating the 
potential for a collision between trains.”

There may also be an increase in 
remote operation management in future. 
Rusu notes: “This follows the Rio Tinto 
lead in utilisation of driverless haul 
trucks, trains and some other material-
handling activities in the Pilbara. The 
lessons learned from these experiments 
would eventually pave the way to more 
complex operations such as undersea 
mining and space mining.”

Robson says: “One of our mining 
clients has set up laser telemetry devices 
on the top of their fixed lighting towers. 
These hover some 15m in the air. Their 
purpose is to send data about stockpile 
quantity, location, size, height and mix to 
a centralised repository. Information is 

then calculated and electronically 
transported to the grader driver to 
ensure that the top of the stockpile is 
suitably modelled for optimised loading 
and coal blending processing.”

Another trend in saving infrastructure 
costs is the potential for mining and train 
companies to share infrastructure and 
facilities, which can avoid unnecessary 
spending and cut costs through 
economies of scale. Common user 
infrastructure can be applied with 
appropriate operating protocols and 
commercial mechanisms to ensure fair 
access for all operators. A potential 
downside to this is that it brings more 
complexity to the pit-to-port systems, so 
the need for proper integration planning 
and feasibility studies are emphasised.

Good examples of such common user 
models include the Central Queensland 
Coal Network and the Hunter Valley Coal 
Chain in Australia, by which several train 
operators and multiple miners use the 
same track to get their product to 
market. 

The Hunter Valley Coal Chain involves 
approximately 35 coal mines owned by 
11 coal producers. Four rail providers 
deliver the product to more than 1,400 
ships per year via three coal terminals at 
the Port of Newcastle in New South 
Wales.

Fischer states that this is also a major 
trend in Africa. He explains: “Pit-to-port 
logistics will be a key driver to project 
feasibility in the future, and the signs are 
already visible in the African iron-ore sec-
tor. Thus an integrated approach is 
necessary, not just between subsystems 
(transportation/port) or mining 
companies close to each other or with 
the same commodity, but regional user 
requirements from other sectors will start 
to play an increasing role in mine and 
logistics/rail development planning.”
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