
Plant and quarry in partnership
Smooth kiln operation and excellent clinker quality are born in the quarry. Yet, in many 
cement plants the optimisation potential of the plant-quarry relationship remains 
unexplored from a long-term perspective.
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The key to an optimised plant-quarry 
relationship is like the key to any 

harmonious relationship. You need to:
• understand one another well 
• seek solutions that are a best fit for 
both parties
• never give in to convenience, letting 
the fulfillment of your own obligations 
dominate at the disproportionate 
expense of the other party.

Short-term convenience
Nevertheless, we are all human and live 
under pressures to perform. As in most 
relationships, a degree of convenience 
tends to also show up in many plant-
quarry relationships. 

When quarry convenience dominates, 
the quarry will supply the plant with 
raw materials from easily-accessed 
locations. Volumes may be as agreed, 
but no attention is paid to the material 
characteristics or actual composition of the 
raw mix and the consequences this may 
have on kiln operation. 

When plant convenience dominates, 
the plant will require the quarry to 
supply a raw mix where all important 
components are within a narrow range 
to secure a comfortable operation of the 
kiln. Therefore, the lifetime of the quarry 
is reduced by extensive mining of high-
grade material at the expense of its future 
availability.

When the plant-quarry relationship is 
optimised, operations take place from the 
middle, where long-term considerations 
produce the highest-possible volumes from 
a stable and efficient operation. However, 
a balanced long-term perspective needs to 
be built on numerous considerations and, 
therefore, is much more complex. Finding 
the middle ground is a puzzle to be solved.

Balanced optimisation
Optimising the plant-quarry relationship is 
a puzzle of balancing multiple constraints. 
These constraints are shaped by internal 

and external circumstances, including raw 
material characteristics and accessibility, 
climate conditions, installed equipment 
and layout, organisation of work and the 
shape of market demands. 

So what powers do each side of the 
plant-quarry relationship possess that may 
alleviate the plight of the other?

On the one hand, the quarry has 
the means to make available the right 
combination of raw materials. By 
producing a raw mix where modules, 
components and variations are within 
the plant targets, the quarry will support 
stable operation, minimise wear on 
equipment and secure the maximum 
possible production of a good and 
consistent clinker quality. On the other 
hand, given the challenges in the quarry of 
raw material selection and extraction, the 
plant may possess or acquire measures to 
deal with a rise in one or more undesirable 
raw mix components. Often changes in the 
plant’s operating procedures are sufficient 
to move the balance point in favour of a 
more efficient use of quarry materials.

How to optimise plant-quarry 
relations
In our experience, achieving sustainable 
improvements requires a three-step 
optimisation plan: 
• Step 1 – lay out the pieces of the 
puzzle in a Chart of Constraints.
• Step 2 – ensure clear divisions of 
responsibilities, and targets and KPIs to 
encourage cooperation.
• Step 3 – develop a structure of 
touch points to promote continuous 
coordination of purposes for the greater 
good of the plant and the  quarry.

Step 1 – Chart of Constraints
When the pieces of the puzzle are laid out 
in a Chart of Constraints, it provides the 
major landmarks for deliberate navigation 
and good decision making.

In practical terms, the quarry and the 
plant each make a list of the constraints 
under which they operate, as well as a 
thorough description of the conditions and 
consequences of possible adjustments. 
These lists are then exchanged and the 

Optimising the plant-quarry relation will extend the lifetime of the quarry
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constraints are reinvestigated in the light 
of their significance to the other side.

Efforts to quantify the costs and 
benefits are an important part of the chart. 
Even if reality is rarely this simple, the 
balance point for each constraint is sought 
where the additional benefits to one side 
outweigh the additional costs to the other.

A useful tool for 
quantification is 
to explore each of 
the constraints in 
a range from “easy 
operation” with no 
additional costs 
associated, to “soft 
limits” with steps 
of additional costs 
to operation at a 
possible benefit 
to the other side, 
and finally, a “hard 
limit” beyond which 
operation is no longer 
possible.

The work of 
laying the pieces 
of the puzzle in a 
Chart of Constraints 
helps develop a 

mutual understanding of how each side 
is interdependent, while simultaneously 
shining light on what is important to us in a 
long-term perspective.

Step 2 – Clear division of 
responsibilities and sensible targets
Once we know the factors of importance 

to operation, it is worth reviewing how 
responsibilities are divided. 

Efficient cooperation between the 
quarry and the plant requires a clear set 
of obligations in accordance with the 
cost/benefit structure identified in the 
Chart of Constraints. If quarry operation 
is outsourced, this is the division of 
responsibilities in the contract. 

Whatever is being measured counts. If 
targets and KPIs are defined too narrowly, 
it will make employees focus on their 
individual performance and undermine 
their motivation to cooperate. To engage 
employees in optimising behaviour, it is 
important that KPIs are defined based on a 
comprehensive view of the common good 
for both parties.

Step 3 – Routines for coordination 
and feedback 
While the first step of the optimisation plan 
is about finding the middle ground and the 
second about securing it, the third step is 
about maintaining it on a daily basis. 

A structure of regular touchpoints 
has to be established, from where good 
routines for coordination, follow-up, 
feedback loops and problem-solving can 
develop. This is the basis for motivating 

Quarries should not operate in isolation from cement plant demands

Ideal quarry utilisation
The maximum-possible lifetime of a quarry is reached 
when the quarry is extracting the average quarry 
composition at all times. This, in principle, will be 
making use of all available material. 

Operating a quarry to its fullest potential requires 
thorough knowledge of the extent of the quarry; the 
distribution and concentration of important chemical 
and mineralogical components. 

A detailed plan is needed for the development of the 
quarry, while maintaining good and safe access to the 
different locations. Furthermore, it requires sufficient 
equipment and personnel to carry out such a plan.

A profound knowledge of raw mix tolerances to 
ensure satisfactory kiln performance and clinker quality 
provides quarry operators with a wider scope for 
material selection and to facilitate quarry scheduling.
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One cement plant was experiencing 
frequent problems with excessive riser 
pipe coatings. Meanwhile, the clinker 
was unusually hard to grind and had 
high variations of free lime. 

Investigations showed that all three 
effects were related to the high sulphur 
variations in the limestone quarry.
To counteract spikes of sulphur in the 
limestone, the quarry would replace the 
usual clay with a low-sulphur clay. This 
meant the sulphur variations in the raw 
mix were kept around an average that 
normally would have been acceptable. 
However, this solution did not take into 
account that the low-sulphur clay had 
high amounts of quartz.

Now, instead of high variations in 
sulphur, the raw mix had high variations 
in quartz. This led to fluctuations in 
kiln feed burnability and therefore, the 
operators were permanently running 
the kiln very hot to avoid flushes and 
combat high free lime. 

Overburning in the kiln was then 
causing: 
• coating problems in the riser pipe 
from recirculation of sulphur, now 
occuring at lower concentrations 
due to the high temperature
• very-hard-to-grind clinker, 
decreasing cement mill output 
and increasing the specific power 
consumption of the mill
• high free lime variations despite 
the hard burning due to the spikes 
of quartz producing a very hard 
burnable kiln feed.

By exploring 
the middle 
ground of the 
three main 
operational 
constraints 
related to sulphur, 
a surprisingly 
straight-forward 
solution was 
found: 

1. Sulphur level 
constraint on 
plant operation
If sulphur levels are increased beyond 
the stage of easy operation, the first 
soft limit encountered is an increase 
to the costs of operation for cleaning, 
eg, frequency and installation of air 
blasters. With a further increase in 
sulphur, the next major soft limit will 
introduce a reduction in production 
as cleaning is no longer enough to 
overcome the consequences on 
operation. (See principle sketch in 
Figure 1.)

In this plant, the maximum target for 
sulphur in the raw mix had been set at 
0.6 per cent with a contribution of 0.5 
per cent from the limestone. 

It was determined that with 
variations of sulphur and quartz 
under control, it would be possible 
to operate the kiln with a sulphur 
target for limestone of 0.5-0.7 per cent 
without major changes to the cleaning 
frequency. 

2. Sulphur level constraint on 
quarry lifetime
Assuming a perfect control of quarry 
operation, quarry lifetime will not be 
affected as long as the quarry average 
is below the plant target for maximum 
sulphur in the limestone. 

On the other hand, when the quarry 
average is higher than the plant target 
for maximum sulphur, part of the 
limestone will have to be discarded. 
The sulphur level is then a constraint 
that decreases quarry lifetime. (See 
principle sketch in Figure 2.)

In this plant, the quarry average of 
sulphur in the limestone was 0.57 per 
cent. With the initial target of maximum 
sulphur in limestone at 0.5 per cent 
from the plant, the quarry was being 
depleted of low-sulphur limestone. 

With the new target of 0.5-0.7 per 
cent all limestone could be blended 
to meet the sulphur target. Therefore, 
quarry lifetime would no longer be 

Improving cement mill performance by one 
extra loader in the quarry

The addition of an extra loader enables the quarry 
to draw material from more than one extraction 
point, increasing the blending capacity of the quarry

Figure 2: quarry lifetime vs target SO3 in limestone
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Figure 1: kiln production/kiln operating costs vs SO3 in limestone
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a culture of common purpose and skillful 
communication in daily operations. 

When we communicate skillfully with 
each other, we allow ourselves to see the 
perspective of the other without letting go 
of our own. We are able to understand the 

difficulties of our counterparts, express 
and make known our own predicaments, 
and continuously seek a balance. 

When cooperation between the quarry 
and the plant is successful, it will result in 
long-term sustainable operations. But the 

meticulous efforts of planning and 

coordination bring other benefits as well. 
We also gain an overview of the details, 
enabling us to detect failures, risks and 
possibilities in an early stage and to better 
understand how to navigate them for the 
best results. n

Optimising quarry-plant relations is a 
balancing act of multiple constraints

impacted. That is, if the quarry can 
blend the limestone accordingly.

3. Blending constraint on 
sulphur level
When the maximum sulphur target is 
above the quarry average, availability of 
limestone is not a constraint. However, 
the blending capacity of limestone in 
the quarry may still be. 

Knowledge of material distribution,  
planning and logistics are critical to 
extract and dose material into a mix 
that will meet plant targets around the 
quarry average. 

In this plant, even if the availability 
of quarry materials was quite well 
charted, the quarry had one single 
extraction point at a time as it was 
operating with only one loader. Thus 

the number of loaders in the quarry 
turned out to be a constraining factor 
with significant consequences for 
operation, costs, clinker quality and 
quarry lifetime. (See principle sketch in 
Figure 3.) 

Results from a puzzle solved
The possibility to operate different 
extraction points simultaneously, by 
the addition of just one more loader 
in the quarry of this plant, radically 
increased the blending capacity of the 
quarry.  

Ultimately, by balancing costs and 
benefits of the constraints in the plant-
quarry relationship, combined benefits 
were experienced, including:
• no necessity for a hard kiln 

burning
• approximately 15 per cent 
increase in cement mill output and 
corresponding fall in specific power 
consumption
• consistent clinker quality 
• no severe issues with riser pipe 
coating
• no sulphur restriction on quarry 
lifetime.

Figure 3: range of SO3 vs extraction points
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Plant stretching quarry lifetime
Acknowledging the challenges of material selection in the quarry, the plant 
may be able to support the quarry with adjustments to raw mix targets by 
changing operating procedures or installed equipment. 

Some such optimisations may be implemented right away, while others 
will require careful consideration, investment and project execution. 

Typical examples are the installation of a bypass to cope with increased 
levels of chlorides or alkalis, or adjustments to operational procedures for 
cleaning and the installation of air blasters to cope with increased sulphur.

The plant will have a greatly increased capability to cope with 
undesired components when it is operating with a stable input of these. 
Fluctuations are the reason that make operators take out insurance 
against unwanted surprises. 

Basically, the higher the variations, the higher the required safety 
margins. This takes us full circle back to the homogenisation first obtained 
in the quarry and to the significance of an optimised relationship between 
plant and quarry for the optimal operation of both.

© TRADESHIP PUBLICATIONS LTD, 2018



Audits & 
Optimizations

www.cemwise.com

Quarry to Dispatch

The Comprehensive View


