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Sankey diagrams are a useful tool for illustrating material or energy flows through a process
since the widths of the bands in the diagram are proportional to the amount of energy they
represent. The Sankey diagram was introduced by an Irish engineer named Riall Sankey
over 100 years ago in order to improve the steam engine efficiency (Schmidt 2008).
Subsequently it has been used to illustrate and analyze material and energy flows in a
process and is regularly used in life cycle assessments (LCA). Its use in the minerals sector
to map energy consumption, conversion and flow is not widespread.
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Once all of the primary energy sources have been quantified and converted to the same units
an energy profile using a Sankey diagram can be prepared to illustrate the flow of the fuel In
the process from input to output as well as any stages of energy conversion. A Sankey
diagram can be prepared with the use of software such as elsankey (ifu Hamburg GmbH)
which is specifically designed for this type of diagram. The advantage to using this type of
software Is that it permits the user to focus on the energy flows rather than presentational
aspects:

The information required prior to using e!sankey consists of the following:
ramount and type of primary energy sources and quantities consumed,
rdemand centers and amount and type of energy utilized by each,
rconversion stages,

rsecondary energy sources including amount of input and output energy.

Inspection of the Sankey diagram permits a rapid understanding of the various amounts of
energy. The diagram embodies the following observations:

+most of the energy (54% of the total energy supplied to the operation) is provided by fossil
fuel 2,

+the kilns are the largest single energy demand centres in the operation using 32% of the
total primary energy,

+the most energy intensive stages consist of the dryers, kilns and furnaces which are all
thermal processes requiring heat and consuming 79% of the primary energy input,

+the amount of waste heat generated by the power stations amounts to 11% of the total
energy in the system,

rmore waste heat is generated by the power stations than electricity during the conversion of
primary fossil fuel 2 and 3 to secondary sources with input and output of two power stations
aggregated. Specifically 33% of the primary energy input is converted to electricity with 67%
released as waste heat.

The Sankey diagram highlights the areas in the process where focus Is required for
subsequent energy management effort. For example the diagram suggests that primary
energy consumption could be reduced by redirecting the waste heat from the power stations
to the dryers. The dryers consumed 17% of the total energy in the operation as thermal
energy. It was also observed that 67% of the total energy supplied to the power stations was
released as waste heat which equates to 11% of the total energy of the operation.
Subsequently this indicates that if the grade of the exhaust waste heat is high enough there is
a possibility of redirecting the waste heat from the power stations to partially supply the dryers
In the operation. Primary energy input to the dryers in the form of fossil fuel 2 would be
reduced to 37% of the value currently indicated in the diagram which would result In
substantial cost savings. In addition to the economic motivation to lower energy consumption,
environmental impact could also be reduced. The following tables illustrate the financial cost
and greenhouse gas emissions (GHG) of each primary energy source and demand centre
respectively.

Fossil fuel 1 11 3.9
Fossil fuel 2 66 47.3
Fossil fuel 3 23 28.4
Renewable energy 0.002 20.3
Mines 5.9 7.3
Dryers 23.1 17.5

Kilns 53.5 35.4
Furnaces 4.4 25.3
Converters 2.1 2.4
Bollers 1.1 0.8
Pumps and Fans 5.6 6.3
Port Facilities 3.3 3.8
Light Vehicles 0.1 0.1
Other Transportation 0.9 1.1

Energy management practice is becoming an increasingly important aspect in mineral
production operations as it combines consideration of economic and environmental drivers for
organizations. The use of Sankey diagrams facilitates these analyses by visualizing the flow
of energy throughout the various stages of a process. In addition, Sankey diagrams highlight
areas in the process to focus on for improvement either for economic or environmental
reasons.
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