
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. 

The first step in preparing a Sankey diagram consists of mapping the process of interest and 

identifying energy inputs, outputs and conversion stages.  Next, metering involving all types 

and quantities of energy associated with each stage in the process must be undertaken.  

Finally the Sankey diagram can be prepared and an analysis can be performed to identify 

energy losses or inefficiencies. 

The metering step consists of identifying and measuring the amounts of the various fuel types 

and power sources used as primary energy sources such as coal (tonnes), oil (tonnes or 

barrels), diesel (litres) and hydroelectric power (kWh) among others.  It is important to note 

that the quantities of energy identified must all represent the amounts used in the same 

period, which can be daily, monthly, quarterly, annually, etc...  Then, in order to facilitate the 

comparison of energy forms / sources, the previously identified quantities must be converted 

to use the same units. This is an essential step for a Sankey diagram.  This can be achieved 

using specific energy content parameters for each source.  For example, energy content 

parameters for fuels, represented in energy per volume or mass such as megajoule per litre 

(MJ/L), megajoule per kilogram (MJ/kg) or megajoule per tonne (MJ/tonne) can be used to 

convert the amount of fuel consumed.  Fuel calorific values can be either gross calorific 

values (GCV) or lower calorific values (LCV).  The difference between the GCV and LCV can 

be explained by �+�H�V�V�¶ Law using the following combustion reaction (University of Waterloo  

n.d.).  

CH4(g) + 2O2���J�����:���&�22(g) + 2H2O(l) dH�ƒ = -890 kJ/mol  (equation 1) 

2H2�2���O�����:�����+2O(g) dH�ƒ = 88kJ/mol (equation 2) 

Addition of the equations and the enthalpies gives the following: 

CH4(g) + 2O2���J�����:���&�22(g) + 2H2O(g) dH�ƒ = -802 kJ/mol (equation 3) 

 

Equation 1 shows the GCV where 890 kJ/mol of energy is available when the water vapour is 

condensed to liquid whereas equation 3 illustrates the LCV or that 802 kJ/mol is available 

when the vapour remains as a gas.   If condensing heat is not recovered then the difference 

between the GCV and LCV is a loss and more fuel is required.  How the system uses a 

primary energy source must be understood to identify if the energy content value will consist 

of the LCV or the GCV. However, even after establishing if the LCV or GCV is applicable, it is 

not always apparent which energy content parameter value to choose since different fuel 

grades will have varying energy content.  It is important to select the value which represents 

the fuel grade employed in the process. 

Alternatively, more accurate calorific values could be obtained by direct measurement with the 

use of an adiabatic calorimeter or bomb calorimeter following the ASTM (American Society for 

Testing and Materials) standard corresponding to the type of fuel in use.  For example, ASTM 

D5865-10ae1 is used for determining the GCV of coal and coke whereas ASTM D240-09 

pertains to liquid hydrocarbon fuels (ASTM International 2010). 

Subsequently the amount of energy produced by each fuel can then be converted to energy 

units such as megawatt hour (MWh). 

Metering is an important step in energy management.  If the initial quantity of fuel is incorrect 

all of the subsequent calculations and conversions involving this erroneous data would result 

in invalid values.  Additionally whenever a primary energy source is converted in a process it 

is important to meter the amount of fuel prior to the conversion stage as well as after in order 

to measure the conversion efficiency and the wasted energy.  

Subsequently an assessment stage of energy management can be carried out.  This step is 

important in order to identify areas in the process where efficiencies or conservation 

measures can be implemented.  The metering and assessment stages should work in 

conjunction with one another in order to have a successful energy management program; 

without the assessment stage, the metered data alone will not provide any benefit.  There are 

several methods used to identify inefficiencies however the use of a Sankey diagram will 
facilitate the task. 

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 e!sankey (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: 

�‡amount and type of primary energy sources and quantities consumed, 

�‡demand centers and amount and type of energy utilized by each, 

�‡conversion stages, 

�‡secondary 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, 

�‡more 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. 

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. 

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. 
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Primary Energy Source  % of total GHG  % of total cost  

Fossil fuel 1 11 3.9 

Fossil fuel 2 66 47.3 

Fossil fuel 3 23 28.4 

Renewable energy 0.002 20.3 

Demand Centre  % of total GHG  % of total cost  

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 

Boilers 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 


