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Recent years have seen 
drastic new challenges 
within the industrial sector 
and particularly the cement 

industry: higher competitiveness, 
increasing prices for energy and 
raw materials, volatile markets, and 
more recently, strict environmental 
rules.

In the prevailing circumstances, 
the efficient and sustainable use 
of resources and the optimisation 
of production assets has become 
one of the main concerns for the 
cement industry.

Such challenges can no longer 
be faced with the traditional tools 
used by the industry prior to 2014. 
It is already clear that advanced 
process control and artificial 
intelligence are the new disciplines 
that will govern the next era of the 
industrial automation.
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Under these circumstances the cement industry 
will have no other choice but to join the digital 
factory revolution where solutions are developed 
to make intelligent use of data and transform 
it into processes that enhance quality and 
productivity and reduce energy consumption.

AI: friend or foe?
At least for the foreseeable future, nothing 
is likely to beat human creativity and the 
outstanding efficiency of neurons. These can 
create connections and assimilate, in a non-linear 
way, thousands of pieces of information per 
second, which are processed and released to 
‘us’ through a ‘logical’ thought, a subtle intuition, 
a gut feeling or an immediate, apparently 
uncontrolled, reflex (such as catching a falling 
pen or protecting one’s face). 

Of course, despite its tremendous multitasking 
capability, the human brain can make mistakes, 
as emotions, fatigue, or even a glass of wine, 
can have an impact. 

What if it was possible to isolate just one of 
the brain’s tasks, a tiny one, precise and limited? 
For instance, asking a machine to identify if a 
spot on human skin is a melanoma or not. To test 
this idea, scientists uploaded 100 000 pictures 
and diagnostics into an AI system that started 
to simply crunch the data (size, colours, forms, 
irregularities, asymmetries, borders, etc.). As 
computer speed and memory are no longer 
limiting factors, the system can now find 
correlations between 3, 4, 5 or more variables 
that had not previously been considered. The 
results in a 2018 study show that AI succeeded 
in identifying 95% of melanomas compared to 
86.6% for a pool of doctors from 17 countries. 
Additionally, the AI identification took less than 
a second, where human diagnosis might have 
taken several minutes. 

This is just the beginning. With more 
sophisticated pictures (filters, IR, etc.) and few 
million more images uploaded, it would likely 
be possible to reach 99%. One could even 

download an app for quick 
diagnosis.

From experience to AI
During ES Processing’s 
first projects, the 
company engaged in long 
conversations with the 
operators of mills and this 
acted as an opportunity 
generator. The company was 
trying to build a solid and 
scientific modus operandi for 
these operators by collecting 
their know-how. Surprisingly, 
the answer to ‘Why do you 
reduce the speed to 2000 
and not to 1950?’ was most 
often ‘Experience’.

A statistical approach 
was tried and the data was 
explored in order to find 
correlations between actions 
and outputs. Naturally, the 
obvious correlations were 
found but they were always 
proper to every machine and 
linked to so many factors. So, 
would it be an option to train 
thousands of operators on 
such a complex process?

The most obvious 
alternative was to create 
some mathematical functions 
correlating actions and 
results. Whilst the creation 
of these functions was 
indeed an improvement, it 

Figure 1. Industrial evolution.

Figure 2. Fineness hourly lab results versus CMO every 30 seconds 
prediction.

Figure 3. Fineness lab results versus CMO prediction.
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was an incremental one as the results could 
be unpredictable in the case of changing 
parameters; second, every new machine with 
its own context would have been an expensive 
project by itself. The combination of these two 
factors made the plan impractical. 

This complex world needed a dynamic system 
that learns and adapts. Mixing AI & APC was 
the solution; building a system that can operate 
by having a high level of knowledge about 
the machine and then evolve. Thus, machine 
learning was used to crunch the historical data 
in order to predict the output of the equipment 
every 30 seconds. Of course, it had to adapt its 
predictions based on new process conditions, 
such as quality of throughput material, feed rate, 
reject, pressure, etc. All this, without the cost 
and complexity of human intervention.

A solution
It has been known for a long time that the cement 
milling process is a highly nonlinear and unstable 
process and usually deviates from the target 
fineness thus creating a non-uniform final product.

The main idea behind the Cement Mill Optimizer 
(CMO) system is to decrease the standard 
deviation of the product fineness, and maintain 
operation as close as possible to the target 
fineness.

This article explains how the CMO acts as 
an autopilot for the cement mill. This advanced 

process module is designed to 
significantly enhance the quality of 
cement fineness to ultimately increase 
overall production and reduce the 
specific electrical energy consumption.

CMO is designed to continuously 
determine optimum setpoints for both 
separator speed and mill fresh feed, in 
order to establish a seamless operation 
while guaranteeing steady cement grain 
fineness under minimum amounts of 
rejects. The system assumes a typical 
closed loop grinding circuit where all 
parameters are kept as variables.

Strategy
As mentioned earlier, cement quality 
instability is due mainly to the dead 
time caused by the lack of continuous 
or high frequency cement fineness 
measurement rates. These feedback 
measurements of quality are essential 
in order to continuously adjust the 
optimal setpoint combination between 
fresh feed and separator speed.

Under CMO, the main strategy 
will be to reduce the dead time 
by providing inferred CMO 
measurements at a higher frequency, 

which can be used as a dynamic input to the 
Model Based Optimizer that will be continuously 
performing correct adjustments to selected 
manipulated variables. This will make the mill 
operate efficiently and seamlessly without 
disturbing or modifying any of the cement mill 
process equipment. 

To achieve this, mathematical models of the 
process will be used to carry out non-linear 
steady state optimisation to determine continuous 
optimum setpoints for fresh feed and separator 
speed. The CMO will adjust the process once 
a new inferred measurement is determined. As 
a result, the adjustments of the manipulated 
variables can be made at a rate of seconds 
instead of hours, thus guaranteeing robust and 
stable operation.

Fineness prediction
To predict Blaine fineness, several key process 
variables should be monitored and the degrees of 
correlation between the process inputs and the 
controlled output (i.e. Blaine fineness) should be 
identified. Inputs such as separator speed, mill 
inlet and outlet pressures, mill weigh feeders, 
mill power, levels, etc., are the main factors that 
could affect the cement Blaine fineness (output).

A ‘soft sensor’ model is used to infer Blaine 
fineness from a defined set of inputs that show 
a strong correlation with the output. At the heart 
of this soft sensor is a numerical data-based 

Figure 4. Module Predictive Control technology.

Figure 5. CMO closed loop in full automatic mode.
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algorithm adopted from the areas of machine 
learning and AI computing.

Eventually, this soft sensor will act as a 
real-time fineness measurement device providing 
continuous feedback to the Model Based 
Optimizer structure that will manipulate the fresh 
feed and separator speed.

The concept of ‘chess gaming’
Under normal operation, each hour the mill 
operator receives the measurements of both 
the fineness and residue. Based on these, the 
operator selects new combinations of both the 
mill fresh feed and the separator speed, hoping 
to reach a certain target for fineness and better 
control the reject.

Technically, a skilled operator will make 
calculated adjustments by mimicking the 
concept of chess gaming. The current and past 
conditions of the plant are used to predict future 
plant behaviour and calculate a combination of 
controlled moves.

To translate this into a computational tool, 
a model predictive control approach will be 

adopted. An advanced numerical algorithm 
will apply online a similar mill operator control 
approach to keep the fineness consistently at 
setpoint.

A complete system
The complete solution will be composed of a 
complex combination of: 

 f Soft sensors: sophisticated models formed 
by combining multiple data-based algorithms 
adopted from machine learning that determine 
the best correlation between different process 
parameters and fineness and are able to 
predict very accurately the Blaine and residue 
every 30 seconds.

 f MPC: Multivariable Model, based on 
transfer functions, able to handle complex 
plant dynamics, including long-dead times, 
constraint handling, hierarchical & weighted 
optimisation, and predictive control, thus able 
to adjust separator speed and fresh feed every 
30 seconds. 

Using this approach, the mill operation will be 
consistently pushed against operational targets 

Figure 7. Fineness before and after CMO.

Figure 6. CMO system trends.
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due to the continuous prediction of Blaine 
fineness combined with the optimal adjustments of 
operating conditions. 

Performance
The trends shown in Figures 6 & 7 show an 
example of the CMO system operating a mill in 
a full closed loop control where it is possible to 
have continuous smooth variations performed by 
the CMO on the manipulated variables (fresh feed 
and separator speed) and where production was 
increased from 115 to 137 t/hr. 

Benefits
 f Around 10% increased production (the case 

mentioned above showed a 19% increase).
 f Enhanced cement quality while significantly 

reducing the Blaine and residue standard 
deviation. 

 f Reduced specific electrical energy 
consumption. 

 f Reduced wear and tear of equipment through 
seamless operation of the cement mill.

 f Optimised OPEX through decreased 
maintenance costs. 

 f Fast payback; in most cases ROI is achieved 
within a few months.

 f Improved overall equipment effectiveness 
(OEE) by enhancing the quality, performance 
and availability.

 f Positively impacts the environment.
 f This system can also be used for kilns and 

vertical mills.

Conclusion
ES-Processing attracted investors to help 
the company consolidate its position in the 
development of AI-based industrial optimisation. 
As part of this, the company has undergone a 
global rebranding and adopted a flexible sales 
policy. The company works to support the 
community of cement producers and contribute to 
the improvement of the environment. Therefore, 
it is firmly committed to adapting its offer to any 
client that desires to make a financial, technical 
and environmental difference to their company and 
community.

To speed up development, ES-Processing is 
also looking for like-minded, dynamic partners with 
the same philosophy of business to represent the 
company in various geographical areas.

The future is already here. Data-based machine 
learning systems will replace human operators in 
non-linear complex processes, just as computers 
replaced paper in accounting. With no significant 
or polluting investment required, the CMO can 
help reduce costs and environmental impact from 
installation. 
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