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ABSTRACT
Sufficient and reliable supply of mineral commodities is an indispensable basis for the
development and performance of any industrialized economy. In terms of statistical
figures, every citizen of the Federal Republic of Germany consumes during an average 78
year life time more than 950 tons of mineral raw materials like fossil fuels, metallic ores,
industrial minerals and aggregates.
Due to economical growth of developing countries and a rapidly growing world population
the demand for mineral commodities increased year by year, accelerating in the last
decade to new records. Actually more than 12 bn tons of solid mineral commodities are
mined per year. In combination with unavoidable non-productive masses of overburden or
burden ground estimated at around 28 bn tons a total mass of more than 40 bn tons is
moved within mining operations.
As internal mass transport in the mine is estimated to cover about 25 % of total energy
consumption of mining projects and thus is an important issue regarding costs and
greenhouse gas emissions, haulage is an interesting field for optimization.
Basis for any optimization is predominantly a technical and economical evaluation of the
employed or planned system and the final comparison of results for different possible
solutions. Nevertheless beside technology and costs, environmental aspects come more
and more into the focus of society, politics and authorities and thus of decision makers of
the mining industry.
The Mining Calculator software offers the opportunity for the optimization of surface
mining and earthmoving projects, based on a technical, economical and environmental
evaluation, integrating various machine types and, uniquely, both discontinuous and
continuous haulage systems. One project can be simulated with different loaders and
haulage systems, leading to a user defined comparison of variants and finally provides a
solid base for strategy and investment decisions.

INTRODUCTION
Mining has been a growing industry during the last decade despite some financial crisis
affecting the world market conditions. The market growth of emerging or developing
countries, especially China, led to a global boom in mineral commodity consumption joined
by rapidly rising commodity prices. Based on these high prices mining companies spend
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huge investments in exploration, in opening new mines or expanding existing mines as
well as in equipment updates/upgrades for production increase in order to boost sales.
In recent times surface mining technology became more and more predominant for world
mine production. Most important reason is that ore grades of known deposits have been
constantly decreasing and underground mining is usually only feasible on high grade ores.
As an example copper deposits have been considered feasible at minimum grades of 2 %
in the past, while actually operating copper open pits have average grades less than 1 %.
But mining of low grade ores needs large equipment and high production capacities to be
economical. Huge mining excavators and trucks as well as huge crushers, mills, etc are
the base for modern mining operations. Examples for copper pits are the Escondida,
Chuqicamata, Bingham Canyon or Grasberg, moving each hundreds of million tonnes per
year.
Another trend in surface mining is that open pits are getting deeper, reaching up to a depth
of even 1,000 m resulting in increasing haulage distances and cycle times of trucks as well
as the necessary number of machines. Even if engine and truck efficiency has been
optimized permanently, haulage costs are critical as they are sensitive to fluctuating fuel
prices.
Partly or total reduction of fuel consumption is possible by substitution by electrical driven
haulage. In recent time trolley-assist systems have had some renaissance. Most modern
developments are large inpit crushing and conveying systems, so called IPCC allowing
belt conveying at an early stage in the pit.
Beside this economical assessment ecological aspects are into the focus of mining
companies. Surface mining in combination with processing and refining usually causes
impact on surrounding neighborhood e.g. by dust, noise or toxic fumes pollution. As mining
projects do attract rising public attention and legal and regulatory requirements have
tightened up, minimizing these impacts are getting more important in order to raise
acceptance and eligibility for granting a permit.
Anyway, every mining project needs custom-tailored concepts for an optimized loading
and haulage system. This is valid for both Greenfield and Brownfield projects. At that point
the software Mining Calculator offers technical, economical and ecological support for
investment decisions for a specific mining concept or the assessment of the optimization
potential of the actual employed system.

MINING CALCULATOR – KEY FEATURES AND TARGETS
The Mining Calculator software offers the opportunity for the optimization of surface mining
and earthmoving projects, based on a technical, economical and environmental
assessment, integrating various machine types and, uniquely, both discontinuous and
continuous haulage systems. One project can be simulated with different loaders and
haulage systems, leading to a user defined comparison of variants and finally provides a
solid base for strategy and investment decisions.
The software includes equipment selection and dimensioning as well as cost calculation
and determination of CO2-emissions for discontinuous and continuous haulage. Thus, in a
single step different scenarios can be compared and evaluated by illustrating the results in
various diagrams and tables.
For material loading purpose hydraulic shovels, electric rope shovels and wheel loaders
are available. Discontinuous haulage by mining trucks or articulated trucks as well as
continuous belt conveying can be chosen. As the software works independently from
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equipment manufacturers no brand or model names are displayed. Instead, machine
classes are defined, orientated at the product portfolio of the actual market. The name of
each type consists of the abbreviation of the machine type and relevant machine
parameters, e.g. loader gross weight and standard shovel volume. For example the range
of hydraulic excavators starts with a machine weight of 60 t with a regular shovel volume
of 4 m³ up to a gross machine weight of 1,000 t with 50 m³ shovel capacity while mining
trucks payload ranges from 40 t to 360 t.
Orientated at the range of frequent practical tasks within mine optimization for both Brownor Greenfield projects the software allows a comparison of different scenarios, e.g.:


Optimization of actual pit
o Overall evaluation of equipment alternatives, e.g.


Different loader and truck sizes



Implementation of IPCC versus truck haulage

o Cost analysis of improved haul roads


Forecast of future mining phases as the open pit will get deeper or the mining face
advanced horizontally with resulting impact on haulage distances
o Calculation of the number of additional trucks
o Truck size evaluation to increase cost efficiency
o Comparison of haulage alternatives, e.g. different loader and truck sizes or
implementation of IPCC
o Determination of necessary crusher relocation periods



Changes of production rate or operating hours
o Fleet utilization and cost analysis
o Cost analysis of possible changes within the machine setup



Sensitivity analysis
o Economical effects of fuel price fluctuation
o Ecological evaluation of different power generation systems

The above listed practical applications do only give a brief overview over possible benefits,
which can be achieved by software based analysis. Due to the flexibility of the Mining
Calculator the user can work on highly individualized problems.
The following sections provide an insight into software operation. Screenshots of the
software give impressions of project development and analysis. As the number of
reasonable pictures as well as printable resolution is limited further information can be
gathered on the Mining Calculator homepage.

DATA INPUT
Project basics
In a first step basic project data like material type and characteristics as well as annual
production is requested.
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The program database offers a large variety of different mineral commodities with specific
properties, e.g. solid and bulk densities as well as swell factors. Those default values can
be adjusted individually to practice by the user to, depending on the project specifics.
Further important basic values for dimensioning of equipment are the total annual
operation hours and the requested production. Usually the total production composes of
simultaneous production at several loading points. Therefore the calculation methodology
of the Mining Calculator is based on individual performance calculations for each loading
point, which are combined to an overall project calculation result.

Loading
Once the basic project parameters have been defined, selection of the loading machine
type directly leads to a list of possible machine types. By adjusting bucket fill factor,
availability and performance efficiency, machine performance and utilization are fit to
specific project conditions.
In principle at each loading point one loading machine is operating exclusively. The
selection box “several loading points” offers the allowance for loaders to operate at
multiple loading points in order to raise fleet utilization, taking into account that machine
availability decreases due to reduction of available loading time by travelling times.

Figure 1: Dimensioning and selection of loaders

Haulage
The Mining Calculator integrates discontinuous and continuous haulage systems, namely
off-highway and articulated trucks, as well as belt conveyors.
The given number of loading points results in a corresponding number of haul roads,
which have to be defined rather by entering different sections or upload of a predefined
track in a text file. Haul road properties are defined by section length, grade and rolling
resistance. The track profiles are interactively visualized for a better control of data input.
Definition of belt conveyors covers belt length and grade. A single belt conveyor, meaning
one closed belt, can compose of several sections as well as a series of connected
individual belt conveyors can be edited.

Equipment selection and Filtering
Based on input values, performance data of different systems and internal calculations, all
adequate equipment combinations are computed and displayed in tables. To avoid
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excessive data in further calculation steps and final visualization of results, the user may
preselect and thus reduce the number of equipment combinations to be considered.

Figure 2: Output-table of equipment combinations
Furthermore an initial performance analysis for the selected equipment combinations is
offered by charts and tables. Each preselected equipment combination can be displayed at
all loading points showing e.g. speed profiles of trucks and haulage cycle times.

Figure 3: Haul road profile and truck speed

Costs and Environment
In a first step basic parameters for all machines are requested. This general data input is
followed by machine-specific forms for all loaders, haulers and/or belt conveyors,
necessary for cost calculation and determination of CO 2-emissions of the different
systems.
The most important elementary data consists of the fuel price, the electricity tariff and
power consumption as well as the CO 2-emissions, depending on different types of electric
power generation.
Fuel consumption of diesel-driven, mobile equipment covers a wide range and is
significantly influenced by the operational conditions of the project. Under extremely poor
conditions, the diesel consumption of trucks can be nearly doubled in comparison with
optimum conditions. Since the conditions are the same for all selected machines, a flat
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default of the fuel consumption for both loaders and trucks can be set in three categories,
min, med or max. Based on this predefinition, machine type specific consumption is
calculated later on.
Since the power consumption for belt conveyor systems is explicitly based on the
calculated drive power and operating hours, so at this point no input for continuous
transport systems is required.
Diesel-powered equipment does not have alternatives for fuel, so that calculations of
CO2-emissions are based on a fixed value of 2.65 grams of CO 2 per liter of combusted
diesel. CO2 emissions of electrically-driven equipment are directly related to the type of
power generation, which can be chosen from a list or entered as a project-specific value.
All individual machines within the selected equipment combinations are listed in individual
folders. Machine-specific data must be edited as the base for the economical and
ecological assessment of each equipment combination and the final comparison of results.
The basic structure of the forms is the same for all machine types and is divided into the
two categories of costs of capital and operating costs. Finally, an overview of capital,
operating and total costs is displayed.

Figure 4: Cost data input and calculation of specific costs
When implementing an alternative loading and haulage solution, additional costs can be
generated, which are not covered by data input for equipment. Examples are costs for
relocation of the primary crusher or extensive earthworks for new haul roads or conveyor
tracks. To give consideration to this fact, the user can finally enter additional investments,
which are integrated in the cost calculation as the sum of depreciation and interest.

Results and Data Evaluation
The final summary table includes all chosen equipment combinations and displays the
most important calculation results, e.g. costs per ton, grams of CO 2 per ton or operation
costs per hour. Right click at the column head offers additional result categories like total
investment, number of operators etc. By sorting the table by any column, the user can
easily analyze the table and focus on most important criteria.
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Figure 5: Calculation results table
In addition to the resulting data table, a variety of diagrams is available for graphical
analysis of the resulting data. Different dual bar charts, based on two individually
selectable calculation parameters, can be created. Furthermore an individual analysis of
the cost structure for a selected project variant can be performed by pie charts, showing
either only the percentage ratio between the capital and operating costs or a detailed
partition with subcategories for both types of costs. Finally a direct comparison of the cost
structure of two project variants is possible by choosing a second equipment combination,
showing the percentage difference in specific costs.
All resulting data tables and diagrams can be exported either to spreadsheet analysis (e.g.
Microsoft Excel) or via screenshot for integration in presentations or for documentation.

Project Comparison
Superior goal of the Mining Calculator is the comparison of different loading and haulage
alternatives for a given project. This implicates, that ideally, all the basic project
parameters, i.e. material properties and production rate, are identical for the chosen
project alternatives. Therefore the software offers a copy function for the entire basic
project, which can then be modified into a new project alternative, e.g. by changing the
haulage system.
Finally the calculation results of all project alternatives in the workspace can be compared
with each other to detect the overall optimum variant. The project comparison always
includes two project alternatives. Similar to the evaluation of variants within a single
project, the comparison of equipment combinations out of different project alternative is
given out in a table and can be displayed in dual bar charts for all selectable calculation
parameters and cost structure pie charts.
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Figure 6: Comparison results - pie diagram

CONCLUSION
The Mining Calculator is a software for optimization of mass transport in mining and
earthmoving projects. Frequent applications are the analysis of employed machine size
classes at different mining phases, assessment of the establishment of an IPCC-system or
the optimization of infrastructure by relocation of haul roads or grade reduction.
The software includes equipment selection and dimensioning as well as cost calculation
and determination of C02-emissions for discontinuous and continuous haulage. Thus, in a
single step different scenarios can be compared and evaluated by illustrating the results in
various diagrams and tables.
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Calculation results offer a reliable base for in-house decisions on technical aspects like
equipment modifications, on economical aspects like specific cost per ton or total
investments and finally on ecological aspects based on greenhouse gas emissions.

LITERATURE
[1]
[2]
[3]
[4]
[5]

In Brief, Trends in the mining and metals industry. International Council on Mining
and Metals (ICMM), London, 2012
In Brief, The role of minerals and metals in a low carbon economy. International
Council on Mining and Metals (ICMM), London, 2012
The word Copper Factbook 2012. International Copper Study Group, Lisbon, 2013
Florencia Heredia: The Mining Industry and the Challenges Ahead, Trends and
Views in a Dynamic World. Law Business Research Ltd., London, 2013
Breaking New Ground, The Report of the Mining, Minerals and Sustainable
Development Project, Earthscan Publications Ltd, London, 2002

INFORMATION AND CONTACT
www.mining-calculator.com
info@mining-calculator.com
Prof. Dr. Hossein Tudeshki, Thomas Hardebusch
Department for Surface Mining and International Mining
Institute of Mining at Clausthal University of Technology
Erzstraße 20
38678 Clausthal-Zellerfeld / Germany
Tel: +49 (0) 5323 / 72-3178
Fax: +49 (0) 5323 / 99-3178
Mail: tudeshki@tu-clausthal.de; thomas.hardebusch@tu-clausthal.de
Web: http://www.bergbau.tu-clausthal.de
Dr. David Buttgereit
XGraphic Ingenieurgesellschaft mbH
Aretzstraße 9
52070 Aachen / Germany
Tel: +49 (0)241 / 89410-15
Fax: +49 (0)241 / 89410-19
Mail: buttgereit@xgraphic.de
Web: http://www.xgraphic.de

