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Abstract

Mining executives often have a difficult task determiningawthe strategic objective of the

business should be as this can be impacted by the prevailing market conttitiaddition,

they have no mechanism to quantitatively 6t
business and understand underlythygmamics.During thecommoditiesbull run of 2003 to

2008 the strategic objectivenay have been to grow the long term value of the business
(NPV) through increased tonnage, acquisition and finding new reserves which all came with

an increasing fixed costabe. Now with the financial crisis upon us and the collapse of
commodity prices and demand, executives have
shortterm cash flow in some instances at the expense of long terms value is the order of the
day. For many mining companies,ine closures, reductions in production and cost cutting
exercisers are now the focuis.many instancesnanagement do not have an ability to rapidly

test di fferent strategi c vauk,tueitrcoststesewes andt o Ot
profitability at the operational levelnd optimise the underlying trad& variables

Economic modelling of the complete business value chain is a means of linking the
operati onal 0real i tyd and st beaassesged.cThiscphperi c e s
describes some of the challenges facing mining executives and how economic modelling can

be applied to make decision making more rigorous.
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1. Introduction
For detailed operational pl anni sirgtegt 0 be
objective, the executive must give planni
the operational plan optimisation I n the current financi a

functiond may be to reduce producndi on,
maximise shorterm profitability. In fact, without a full understanding of the impact

of thesestrategic options, these may not be possible as each individual objective may
yield a different operational plan. A tradéf that always seems to appeartaugh
economic times is to reduce development as this will lead to reduced unit cost of
production but without a full understanding of the longer term impact. Strategically it
may make sense to reduce development to ensuretsharsurvival but at the see

time an understanding of the lotgrm impact is required and when is the latest that
development must be rangpeup again to ensure sustaifi@p of long term
production. This is often not understood due to fragmented planning and the
turnarouhdstbmdi fbebdent strategic alterna

An economic modeihtegrates strategic planning and the reality of the operations and
all ows scenarioi pdaanahygsiandt dwhat done w
strategic decision making process.

An economicmodel is a mathematical representation of theweald. In the mining
context it is amodel of the complete business, operation or shaft and integrates all
production, labour and financial metrics into a holistic representation (&tia,
2007)

2. Why Economic Modelling

Effective mine planning that meets the strategic objectives requires an integrated view
of all mining disciplines (finance, mining, MRM, Engineering, HR) across the full
mining value chain so that the underlying trafis can be cleayl understood and
optimised.Mining companies need to maximise value from a finite,-resrewable

asset, whilst operating in a market environment characterised by variable metal prices
(G L Smith et al, 2007). This is particularly challenging in the mignindustry
because of the following.

2.1  Fragmented Planning in Mining

The mining environment is especially prone to the dangers of fragmented planning
because of its inherent technical detail and complexity, combined with a high degree
of operational and mket uncertainty.

Several factors combine to make operational and strategic planning in the mining
industry particularly challenging:
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1 Mining involves the exploitation of a finite resource in order to create value.
Therefore significant capital is requiredl regular intervals through the life of
the mine not only to increase production or improve efficiencies but also just to
maintain the current production levels.

1 Mining involves uncertainty with regards grade, geology, geotechnical,
hydrogeology which mads it difficult to predict production output and
operational cost with certainty.

1 Generally mining companies are price takers with price driven by speculation
and supply and demand dynamics. This makes the planning of revenue also
difficult.

1 As mines agand grow in physical size and depth operational costs generally
trend upwards over time which puts additional pressure on margins. This is
counteracted by improvement in technology for mining and processing that
requires capital investment.

Planning igherefore fragmented along the following two dimensions:

1 Scale and Timé detailed operational plans are usually shenn (£3 years)
and are performed by the mine personnel on a monthly and annual basis,
whereas large capital projects are the realmrofept teams constituted as
required.Most dten the personnel responsible for these two planning horizons
are not integrated resulted in a mismatch of project and operational parameters
and objectives.

1 Functional Scopé& Whilst there is a degree of -@peration between engineers
(mining) and accountants (Finance), they do not operate as a single team.
Generally the more operational and skerin the focus, the more technical the
orientation at the expense of in depth consideration of issues relating to
commercial risk. Evidence of this is seen in the deployment of sophisticated
graphical mine planning software where economic functionality (costing,
labour, revenue) is limited and in most instances applies as average unit cost.
The shortterm labour and &t budget is done by the finance and HR functions
and is a consequence of the mgoheduling choices made wiimited regard
for the tradeoffs. The costing for longerm planning is often done by the
mining engineering function and pays no respect tshioetterm budget.

This generally results in the following three planning wo(kigure 1 below)

1 Operational Planning This is the detailed planning done at the operation and
deals with the reality on the ground with regards geology, mine design and
scheduling and labour and cost budgets within a given mine capital
configuration or footprint (for example capacity outputs) . The business plan is
the output of the planning realm.
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{1 Capital Planning Whilst operational planning focuses on planning witie
given configuration, capital planning looks at planning the capital
configuration. Planning activities involve planning individual capital projects
to the portfolio of projects.

1 Strategic Planning this is the most macro, lorigrm and externally faused
and involves strategic decisions with regards capital proj@atanderstanding
of external market dynamics regarding supply and demand and competitors.
This strategic planning realm provides the objective for all other planning and
is probably thdeast tangible and most difficult to quantify.

The business planning functions and timetable are therefore designed as an integrating
process to ensure alignment of all three planning realms. The challenge being that this
is a long drawn out process as mechanism exists to test the impact of decisions in
one realm and the impact on the other planning realms. For example a strategic
decision can be made at a high level but the impact on the operations is only really
understood once the detailed operaigolanning has been done. Therefore in many
instances there is a mismatch between the strategic objective and the operational
planning. This results in a drawn out planning cycle that loses its rigour as plans are
manipulated and costs cut uniformly, dsadlines looms, without understanding the
true drivers of cost.

Detail

Strategy defines long term corporate goals - e.g.
ABecome market leader by increasing market share by
20%in 5yrs

AProvide shareholders with a 15% ROI

Strategic Planning

Capital Planning

Business Plans translate strategic goals into more tangible medium term
objectives- e.g. -

AOpen 3 new shafts in the next two years

Alncrease margins by 5%

Budgets are short term control mechanisms that
set performance parameters - e.g.

Acost / KG

Acost / employee

perational Planning

Time I
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2.2

Subsequent
Consequences

2.3

Figure 17 Three Planning Realms categ for different time horizons

The Mining Executives Dilemma

In addition to planning being particularly challenging in the mining industrhé¢o t
shoul

reasons just mentied, the mining executive has a dilemraé Wh a t
strategic objective be as each one may be a-vaidd 6 and

by the prevailing market view. Figure 2 below shows four very feasible strategies but

t he

t hi

eachrequires a strategic traadf and would result in different operational plans.

Increase
Tonnage

Butthis will

Involve
Spending More
Capital (And
perhaps
Reducing
Capital
Efficiency)

Desirable Objective Functions

Maximise

Capital
Efficiency

Trade-Off
F

Selecting only
Highly Efficient
Capital Projects
will Reducethe
life and perhaps
even Value

Maximise
Value

! Trade-O

—

Maximum
Value May
Sacrifice
Tonnageand
Mine Life

ff 2 Trade-Off
F

Figure 21 All Desirable Objective Fuctions but require tradeffs.

Strategic Decisions can locln future Operational Performance

But may
destroylong-
term value

Short-term
Profitability

S

Figure 3 below demonstrates that sgit and capital planning decisions made at the

time of developing the mine will in fact determine in many instances the actual
operational performance parameters possible during operation. For example, once the
shaft capacity has been decided this wilhstoain the operation to a maximum

tonnage.
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e Y The geology, the market and the available capital
) ‘\’-‘; will; determine the mine design layout and
3:"9t5‘_9’° - infrastructure
Plannine) e

The mine design layout and infrastructure will
determine absolute capacity potential of the

operation.
Capital Planning

(configuration) @'?
planning @ The absolute capacity potential of the operation will
— determine the mine plan
N \S
Operations The mine plan will determine the operational
. performance parameters
Planning \/\,\/\/
Ongoing operational The monitoring of key metrics to assess variance,and as a

resulttaking action to change or maintain the status quo

Performance Management

Figure 37 Cascading choices that determine operational performance

2.4  Optimising the Whole Value Chain

Due to their inherent complexity, safety issues and accountability, mining companies

are generallyoperale as O6sil osb6 across the compl ete
and processing division operated as a separate entity. Operational KPIs are aligned
with these objectives without a full understanding of the impact up or down the full
value chain. A partuar operation may be maximising a certain ore type as this
impacts their unit costs KPI but this may be at the expense of processing efficiency
and therefor@verall group value. Maximising the value of each individual component

of the business may notejd the maximum value for the group (Lagteal,. 2007).

The complexity around alternative ore sources, routings, processing options and
different products becomes even more complex to optimise without a model of the
complete business value chain.

3. Economic modelling Links Strategic Planning and Operational Reality

Due to this inherent complexity of mine planning the task of quantifying different
strategi c obijfe@ts wversa roithe abiltihchtheonmne planoirgy .

system to do this edttively is determined by its level of detail, extent that all
variables financial and production variables relationships are linked and turnaround
time to generate scenarios.d e al | y d i ffféoerseemtatéewyhat al t er n
generated and cqmared with regards value, unit cost, production profile and stress
tested against changes in commaodity prices.
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An appropriate constructed and calibrated economic model of the business would
all ow different scenari os ariodto e generated i ¢ 0 |
test the impact on the operational parameters. Likewise the impact of changes to
operational parameters can be assessed in terms of strategic fit. This model can be a
standalone calculator or integrated into the mine planning srachdial systems

allowing monthly updating of the budget.

An economic model is a mathematical representation of the real world. In the mining
context it is a model of the complete business, operation or shaft and integrates all
production, labour and fimeial metrics into a holistic representation (Lagteal.,

2007).

The foundation of an economic model is its mechanism to translate complex technical
input data, company business rules and assumptions as well as Macro Economic
assumptions into crediblentancial outputs (Hudsoet al, 2009.

|t i's i mportant t hat the O0driversd wunde
appropriately so thahe outcome can be linked to tangible initiatives. For example if

the strategic objective is to reduce unit cdstntthe model cannot simply reduce unit

cost. The dynamics and relationships betweerelpafficiency, blasts per month,
production output, no of teams aabsolutecosts need to be modelled so that actual

driver of unit cost reduction can be determinegrapriately.

4. Application of Economic Modelling
4.1 What is a Economic Model

An economic model integrates all the relationships between the physical (shaft,
operation), operational (efficiencies, constraints, advance, tonnes) and economic
variables (costs, rewmue, capital). In essence, thousands of individual relationships

with inputs and outputs could make up a complete economic model as depicted in
Figure 4.

Physical Variables Operational Variables Economic Variables Outputs

SN | [y I I
| ,f &

Inputs

Inputs

Figure 41 An Economic model integrates all aspects of the business value chain
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