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Whittle Consulting introduces
Tactical Theory of Constraints (TTOC)

Theory of Constraints (TOC) - an introduction

As leaders in mining consultancy, Whittle
Consulting has developed a reputation for
introducing and implementing a range of
new concepts within the mining industry.

In order to understand Tactical Theory
of Constraints (TTOC), an appreciation
of Theory of Constraints is required.
Theory of Constraints (TOC) is an overall
management philosophy developed by
Eliyahu M. Goldratt in his 1984 book
titled “The Goal.” Goldratt explains that
the TOC philosophy is geared to help
organisations continually achieve their
objectives.

As specialists in integrated strategic mine planning, the methodologies
introduced by Whittle over the past 2 decades have repeatedly proven
to add significant value to mining businesses.
One of the most important of these concepts is Theory of Constraints
(TOC). Theory of Constraints identifies the bottlenecks/constraints in a
mining system. Whittle Consulting is renowned for optimising around these
constraints in a strategic planning context.
In 2019, Theory of Constraints specialist, Arrie van Nierkerk, joined
Whittle Consulting as a Partner. Arrie’s work is ground-breaking, as he
uses TOC to directly address the performance of individual operational
bottlenecks/constraints - often with exceptional results.
The leverage of combining the strategic and operational approaches to
Theory of Constraints is very powerful. Whittle Consulting has named
this TOC work methodology, Tactical Theory of Constraints (TTOC). In
recent years, Whittle Consulting has implemented TTOC within the
operations of their mining clients. Tactical Theory of Constraints has
repeatedly proven to create significant operational performance and
NPV improvements for these mining businesses.

Whittle Consulting
operates worldwide and is
represented in Australia,
United Kingdom, United
States of America, Canada,
South Africa, Chile, Peru
and Indonesia.
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REPEAT THE
PROCESS

The generic steps of TOC are:
1

Identify the system’s constraint(s)/
bottleneck(s), and prioritise them in
terms of impact on the objective

2

 anage and improve the primary
M
constraint/bottleneck

3	
Subordinate everything else to the
above focus
4

Improve the performance of the
primary constraint/bottleneck until it
is no longer the primary constraint/
bottleneck

5

Go back to Step 1 and repeat.

IDENTIFY THE
CONSTRAINTS

THEORY OF
CONSTRAINTS
(TOC) CYCLE

2

EXPLOIT THE
CONSTRAINTS

Theory of Constraints (TOC)

4

ELEVATE THE
CONSTRAINTS

3

SUBORDINATE ALL
NON-CONSTRAINTS

“A business approach that views any manageable
system as being limited in achieving its’ own goals
by a very small number of constraints.”

The strategic application of Theory of Constraints (TOC)
Applying Theory of Constraints
(TOC) to the Mining Industry
The concepts behind Theory of Constraints
(TOC) are completely valid for mining.
Moreover, they challenge the mental model by
which we plan and operate a mine. However,
there are complications for the application of
TOC in mining, including:
• A mining operation is very complex and the
primary bottleneck is not always obvious

Strategic Application of
Theory of Constraints (TOC)
Whittle Consulting strategically applies
the Theory of Constraints principles in our
Integrated Strategic Mine Planning approach.
Underpinned by Activity Based Costing (ABC),
(which identifies where the net cash value
is spatially in the ore body), the strategic
planning implications of TOC are:

• You can have more than one bottleneck
– having compensated for the primary
bottleneck you hit a second one

1. D
 escribe the constraints/limits
of different activities the way
they really are.

• The
 primary bottleneck can move over the
life of mine. This can involve stripping ratios,
densities, grades, hardness, chemistry,
and other important characteristics of the
material may change as we work through
the ore body.

This may include; wet tonnes, drill meters,
Bank Cubic Meters, Loose Cubic Meters, mill
power, leach volume, smelter thermal capacity,
etc. Nothing is actually limited by dry tonnes,
which the mining industry tends to use as the
unit to describe most capacities.

2. Allocate all the period/fixed
costs to the bottleneck in
the system, when performing
a pit or underground shape
optimisation.
This can involve 40% - 60% of the total
annual operating cost of the mining operation.
This could be like applying the operating
cost of something like a sledgehammer. The
result significantly changes the shape of
mine designs by penalising high bottleneckconsuming material and favoring low
bottleneck-consuming material.
The result is mining shapes that create more
Net Present Value (NPV), when scheduled
over the life-of-mine. The block valuations
are changed to reflect both the net cash
value they contain, but also to reflect the
time that they will occupy the primary
bottleneck in the system.

Combining Theory of Constraints (TOC) with a Whittle Enterprise Optimisation model

3. G
 rade bin/control on “Net Value
per Bottleneck Unit.”

When Theory of Constraints is used in combination with the 10 Steps of a Whittle Enterprise Optimisation Model, this often results in very different
life-of-mine plans.

Prioritising material to the plant, stockpiles
or waste dump should now be selected on a
new basis. The ranking should be done on Net
Value (i.e., cash margin) of the block, and the
rate at which it will pass through the primary
bottleneck in the system - and therefore the
rate at which the Net Value can be realised.

Commonly, this includes changes to pits/phases, underground designs, mine schedules, cut-off grade, stockpiling, blending, processing calibration,
product mix and specification, logistics and the allocation of capital expenditure (which determines where the primary bottleneck is).
These changes may drive a significant increase in Net Present Value (NPV) of the life-of-mine plan. These NPV increases can be in the range of 5% 35%, and often substantially more. In open pits in particular, the Mineral Reserves often increase by 10% - 30%. This benefit is transformational for
the mining operation in question.

The 10 Steps of a Whittle Enterprise Optimisation Model
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Whittle Enterprise
Optimisation Model

Grade

Whittle Consulting Enterprise Optimisation - Prober-E

The Operational Application Of Theory Of Constraints (TOC) Or Tactical Theory Of Constraints (TTOC)
To distinguish between the strategic
and operational focus of Theory of
Constraints, Whittle Consulting refers
to the operational application of TOC as
Tactical Theory of Constraints (TTOC).
The TTOC approach is particularly well-suited to situations where the
primary bottleneck is within a part of the operation that involves a
repetitive cycle of activities which are performed by different teams.
In these situations, adding equipment and resources can sometimes
make the situation worse by adding to congestion. Under the TTOC
approach, the solution is to manage the existing resources differently.

Typical activities in underground mines that are
well-suited to TTOC include:
• Development meters per heading, or individual stope
production rates. This involves activities that typically need
to queue and be coordinated. Such as; drill, blast, mucking,
cleaning, cable bolting, etc.

Typical activities in open cut mines that are
well-suited to TTOC include:
• Bench production rates, or benches per year rates. The activities
that this required that need to queue and coordinate are:
drilling, blasting, loading, hauling, cleaning, etc.

The TTOC approach involves modelling the
detailed operations and analysing the variation
and interdependencies of the activities that are
being operationally undertaken. The solution for
significant improvement generally involves:
• Identifying where the primary bottleneck is, and where it
should be
• C
 reating buffers at key points both before and after the
primary bottleneck
• C
 reating protective capacity before and after the
primary bottleneck

Tactical Theory Of Constraints
(TTOC) Masterclass

Presenter - Arrie van Niekerk
Partner, Whittle Consulting

Due to interest within the mining industry,
Whittle Consulting developed the Tactical
Theory of Constraints (TTOC) Masterclass
in 2019. The Masterclass is introduced by
Gerald Whittle, CEO of Whittle Consulting and
presented by Arrie van Niekerk, the originator
of the TTOC methodology and a Partner of
Whittle Consulting. The seminar is run as an
interactive, online learning experience held
over 2 consecutive half-days.

Arrie van Niekerk is the originator, presenter and facilitator of the
Tactical Theory of Constraints (TTOC) Masterclass run by
Whittle Consulting.

The Masterclass provides a compelling
explanation of the concepts behind TTOC.
The relationship between TTOC and the
implementation of a new conceptual
framework called Optimised Flow, is provided.
Case studies illustrate how TTOC has been
successfully applied within an operational
context within many mining businesses.
As a background in Theory of Constraints
(TOC) is fundamental, the TTOC Masterclass
is only offered to past participants of the
Whittle Consulting Integrated Strategic Mine
Planning seminar.

Arrie is a respected specialist Facilitator of Theory of Constraints
(TOC) in mining. Over the past 20 years, Arrie has been the project
leader for the implementation of TOC in more than 80 mines and
15 manufacturing companies.
Through his experience with TOC, Arrie has developed the operational
derivative of TOC, called Tactical Theory of Constraints (TTOC). The TTOC approach has produced
remarkable improvements in many mining operations around the world. Arrie is a recognised
expert in the application of all the TOC subjects. He is also a skilled facilitator of Open Dialogue
as an enabling process. Arrie joined Whittle Consulting in 2019 as a Partner.

Facilitator - Gerald Whittle
CEO, Whittle Consulting
As the CEO of Whittle Consulting, Gerald has worked in the mining
industry for the past 20 years. A recognised thought leader on mining
optimisation, Gerald has presented the Integrated Strategic Planning
seminar to over 5,500 delegates worldwide. A qualified accountant and
an experienced CFO, he has over 40 years in business planning, analysis
and change management.

• S upporting the primary bottleneck with full preventative
maintenance, stand-by resources, ample supplies,
nearby spares, etc.
• C
 hanging the focus of the daily operational meetings
from fire-fighting to proactive buffer management
• A
 change of focus from traditional KPI’s like efficiency,
utilisation, productivity and unit cost to system-wide flow
performance measures.

“An outstanding Masterclass. A great follow-on
course after attending the Whittle Integrated
Strategic Planning Seminar.”

“I appreciated the systematic way of explaining
TOC & TTOC principles. This was an excellent
way of introducing these concepts.”

“Exciting, excellent technical value and
technically pure common sense.”

“Wish this “gospel” could be spread throughout
the mining industry.”

The Operational Application Of Theory Of Constraints (TOC) Or Tactical Theory Of Constraints (TTOC)
Tactical Theory Of Constraints (TTOC)
Implementation (3-6 Months)
A Tactical Theory of Constraints (TTOC) implementation is a powerful
way to harness the principles of Theory of Constraints (TOC), practically
applying them to identified operational mining bottlenecks or
constraints.
Whittle Consulting’s initial Strategic Assessment for a particular mining
operation will identify what the value levers are and will produce
recommendations for the combination and sequence of the activities to
be conducted.
Undertaken as a stand-alone project, or held in conjunction with a
Whittle Enterprise Optimisation, a TTOC implementation can quickly
achieve exceptional results.
The operational mine system value chain is articulated with the
development of a Mine Flow Model. This identifies the mining
bottleneck(s) in the system. Ongoing mine planning improvement is
achieved with the development of operational rules for bottleneck and
buffer management.
Developing mental alignment and facilitating understanding is key
to TTOC success. From the outset, staff are trained about the new
operational paradigm for the mining business. Site specific education
and ongoing training across all levels; including management,
supervisory, Operations Room and site shift staff, is recommended and
can be provided.
Over the last 20 years, TTOC has been applied to over 90 mining
operations worldwide. The TTOC approach has been demonstrated to
increase production flow by between 10% and 50%, with resultant unit
cost reductions between 10% and 30%. TTOC has been successfully
applied in a range of operations and countries, in both open pit and
underground mining operations.

Whittle Consulting - Services Timeframe

Successes experienced over 15 Years

Whittle Consulting NPV uplift results

Production Output ‘000t/month (Demonstrative: Normalised to 100)

Typical Net Present Value (NPV) uplift of 15%-65%
Enterprise Optimisation (EO) NPV Uplift Histogram
(Results from 82 EO studies, Year range 2009 - 2016)
(NB: 6 studies were outside of this range and are not shown here)
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“Before” Reality:

First Phase Implementation:

Successful Implementation:

Low Predictability

Conceptual Framework

Higher Output (+20-40%)

Unstable Production

Constraints & Flow

High Predictability

High Variation

Buffer Management

Stable Production

Unreliable

Higher Output (+10-20%)

Reliable Operations

Reduce Variation

Calmness & Good Leadership
Prepared by Arrie van Niekerk, Tavanec CC
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Theory of Constraints (TOC)

Tactical Theory of Constraints (TTOC)

“A business approach that views any manageable
system as being limited in achieving its’ own goals
by a very small number of constraints.”

“A methodology that employs the concepts of
Theory of Constraints to optimise the performance
of operational bottlenecks or constraints.”
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