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Al: A Solution, But To What Problems?

There's Little Doubt That Artificial Intelligence Has The Potential To Enhance

The Productivity And Sustainability Of The Cement Industry. But Beyond The
Headline-Grabbing Hype, Is It In Danger Of Being Oversold?

By Jonathan Rowland

In recent years, artificial intelligence (Al) has become
something of a marketing buzzword attached to “almost
every algorithm slightly more complex than a PID control-
ler,” according to Sven Rathgeber, who leads Al develop-
ment at German mill technology supplier Gebr. Pfeiffer.
Cutting through the hype is not always a straightforward
task: just as there are almost as many definitions of philos-
ophy as there are philosophers, there can often seem to be
almost as many definitions of Al as there are software engi-
neers and data scientists.

Narrowing down the scope to the cement industry, global
technology firm ABB considers Al as “systems that analyze
vast amounts of process data, learn from it and make deci-
sions or recommendations to optimize operations,” Sanjit
Shewale, global head of digital at the company’s Process
Industries division, told Cement Optimized. Specifically,
the company defines Al as a “combination of computation-
al power to process complex datasets, connected devices
that provide real-time data, and advanced algorithms that
detect patterns and optimize performance.”

“A lot of Al uses in the cement industry come down to
machine learning,” continued Rathgeber, who is also a
research scientist at the German Research Center for

Artificial Intelligence in Kaiserslautern. “This means that
data is used to derive the functional relationship between
parameters.”

The machine learning principle is that “a machine can learn
without human intervention, developing its own algorithm
to improve the performance of a specific task,” explained
Shewale. This includes deep learning, which utilizes
multi-layer neural networks for more complex tasks, such
asimage analysis, and reinforcement learning, which learns
through trial-and-error strategies. “We also see the early
introduction of generative Al to help capture knowledge
of operations and best practices to be used for knowledge
sharing and learning by the workforce.”

Process Optimization and Sustainability

Raw mixes and fuel blends are becoming increasingly com-
plex as cement companies incorporate more and variable
raw materials and alternative fuels into their production
processes to improve operational efficiency and sustain-
ability. Al technologies have significant potential here, as
Bodil Recke, global manager, Business Unit Cement at ABB,
explained:

“By assessing data from multiple sources via real-time

Al can help the cement industry to unlock a future of efficiency and productivity. Photo: Adobe Stock
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inputs such as moisture content and chemical composi-
tion, Al systems can recommend optimal fuel blends that
ensure consistent operation and product quality. These
intelligent tools can also identify cost-effective supple-
mentary cementitious materials (SCMs), streamlining the
blending process and reducing production costs. Lastly,
Al tools can enable cement producers to minimize waste
by maximizing the use of recycled materials, contributing
to more resource-efficient operations and lower environ-
mental impact,” Recke said.

Moving through the production process, Al-based tech-
nologies with predictive modeling capabilities can
improve energy efficiency across grinding and kiln opera-
tions, according to both Recke and Rathgeber. These mod-
els can forecast process behaviors and make real-time
adjustments to key variables, such as burner airflow, feed
flow rate, and fan speeds, to ensure operating conditions.

“There is huge potential to use Al models to improve
grinding operations,” said Rathgeber. The grinding pro-
cess is complex, particularly in vertical roller mills (VRMs),
where the individual processes — such as grinding, dry-
ing, separation, and pneumatic material transport — are
closely interlinked. “This is a situation where machine
learning really shines. Once you have a decent model of
the grinding process, you can use it in all kinds of optimi-
zation scenarios, including improving energy efficiency.”
This improvement can be significant, according to ABB'’s
Recke, with Al-based solutions enabling energy savings of
5% to 10% in the mill. Meanwhile, in the kiln, Al systems
help stabilize temperature and oxygen ratios, thereby
reducing fuel consumption and enhancing clinker quality,
Recke said.

From Reactive to Proactive

A critical element in Al implementation is the transition
from reactive process control to real-time and predictive
process optimization. “Al can forecast process outcomes
and dynamically adjust operational parameters to maintain
product quality and minimize downtime,” said Recke, who
noted several practical examples, including:

¢ Fuel mix optimization to ensure consistency and cost-ef-
fectiveness.

¢ Enhancing energy management by fine-tuning kiln and
grinding operations to reduce consumption.

¢ Real-time quality monitoring to meet product specifica-
tions without relying on manual checks.

¢ Environmental compliance by tracking emissions and
ensuring regulatory compliance.

¢ Smarter, data-driven decision making across the produc-
tion line based on actionable insights.
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Machine learning has significant potential to enhance grind-
ing operations, particularly in vertical roller mills (VRMS),
where a complex interrelationship exists between individu-
al process steps. Pictured: a Gebr. Pfeiffer MVR 6300 C-6 VRM
designed for grinding 365 tph of cement to a fineness of
3200 cm2/g (according to Blaine).

Picking up some of these themes, David Alés-Shepherd,
head of business development at Al tech company Alcemy,
noted that a core challenge for cement production quali-
ty control is the need to wait up to 28 days for the results
of physical testing, making real-time control “impossible.”
Machine learning algorithms provide a solution to this lim-
itation, utilizing existing laboratory data to predict cement
quality in real-time with high accuracy. “This gives opera-
tors the ability to make immediate decisions that were pre-
viously delayed by weeks, proactively optimizing the grind-
ing and blending process and fine-tuning recipes to meet
quality targets, without overdesigning the product.”

According to Alds-Shepherd, this allows operators, among
others, to reduce grinding energy costs while increas-
ing throughput. It also leads to greater consistency and
enhanced quality, which “provides the confidence needed
to reduce clinker content safely by up to 3.5%.”

Maintenance and Reliability

Certain types of Al, known as autoencoders, are “made for
anomaly detection,” said Gebr’ Pfeiffer’s Rathgeber. These
can be trained to spot, among the thousands of sensor sig-
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Alcemy for cement is an Al-based optimization solution for
cement producers.

nals in a cement plant, when something differs from regu-
lar operations, allowing operators to take proactive correc-
tive action.

“The primary advantage of an autoencoder over tradition-
al anomaly detection, such as rules-based systemes, is that
you do not need to know or assume in advance what might
be happening,” explained Rathgeber. “An autoencoder will
detect if the current signal is different from regular produc-
tion, so when training the algorithm, you only need regu-
lar production data and not data from actual part failures,
which are rare or may not even exist.”

Al can also support predictive maintenance by forecasting
equipment failures before they occur and planning main-
tenance interventions. “By identifying root causes such as
misalignment, refractory wear, and bearing degradation, Al
enables targeted diagnostics and timely repairs,” said ABB’s
Recke. “This approach reduces reliance on reactive mainte-
nance and costly shutdowns.”

Looking ahead, Al systems will increasingly interact with
historical control system data to learn from operational
patterns, recommend optimal parameters, and issue warn-
ings to prevent adverse impacts, Recke predicted. “Once an
Al system determines the best setpoints for quality, ener-
gy efficiency, and uptime, it can either directly update the
control system in a closed-loop configuration or provide
actionable recommendations to human operators in an
open-loop setup, further enhancing reliability and opera-
tional excellence.”

Decarbonization

A critical benefit of the fuel and energy efficiency that
Al-based interventions can bring is the reduction of carbon
emissions. “Tools that enhance fuel efficiency and combus-
tion conditions ensure that energy is used more effectively
and with less excess heat,” explained ABB'’s Sanjit Shewale.
The ABB expert also mentioned the ability of Al-based sys-
tems to facilitate increased fuel substitution rates, reducing
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reliance on fossil fuels, and to minimize overburning and
reduce free lime variability, which improves kiln efficiency
and contributes to more stable, lower-emission operations.

According to Shewale, Carbon Re’s Al platform, integrated
with ABB’s Expert Optimizer, has demonstrated real-world
reductions of 2% to 5% in fuel-derived CO, emissions,
showecasing the “tangible impact of intelligent systems in
driving sustainability across the cement industry.”

Alcemy’s Alds-Shepherd highlighted another decarbon-
ization route enabled by Al, emphasizing its use in design-
ing and implementing lower-carbon blended cements by
bridging the gap between a recipe’s theoretical design and
its consistent, real-world production. “While it is possible
to create innovative, low-clinker cement recipes in a labo-
ratory, the challenge lies in transferring that recipe to a live
production environment,” Alés-Shepherd explained. “The
inherent variability in raw materials, plant conditions, and
operational factors can make it nearly impossible to pro-
duce a new blend consistently and meet stringent quality
standards. This uncertainty often prevents producers from
implementing these more sustainable cements at scale.”

According to Alés-Shepherd, Al facilitates this process by
providing a solution to this variability. “Through predic-
tive quality control and real-time monitoring, Al software
provides manufacturers with an effective tool to mitigate
variability, ensure consistency, and accelerate approval
processes.” The benefits of this approach were recently
demonstrated by an early adopter of Alcemy’s technology,
which gained national technical approval for its naturecem
65 PKH cement, which contains just 30% clinker. “This suc-
cess positioned them as a leader in sustainable cement
and proved that Al can turn a theoretical low-carbon blend
into a practical, commercially viable product,” concluded
Alds-Shepherd.

Implementing and Maintaining Al

The greatest challenge is “getting good quality data,” said
Gebr. Pfeiffer’s Al guru, Rathgeber. “If we talk about Al as
machine learning, everything comes down to data quali-
ty.” For example, sensors must be accurate and placed in
optimal positions, laboratory-based quality measurements
(whether manual or automated) must also be correct, and
sampling must be performed properly, with the appropri-
ate time label applied. “Many things that worked previous-
ly in daily operations, such as putting the measurement
time instead of the sampling time on a sample, will screw
up a machine learning model.”

To train machine learning models, data with variance is
needed, continued Rathgeber, as “24 hours of mill opera-
tion without changing parameters holds very little infor-
mation about the underlying process.” However, getting
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this variance is not always easy. “Running a 300-tph mill for
two hours while producing an unsellable material might be
beneficial for a machine learning model; however, the plant
loses out on 600 t of sellable product and ends up with a
pile of 600 t of unsellable material that must somehow be
gotten rid of. It is not going to happen.”

One of the “primary hurdles” to Al implementation is data
quality, agreed ABB’s Shewale. “Al systems rely on clean,
structured, and consistent data from a wide range of sourc-
es, which can be difficult to standardize in complex indus-
trial environments.” Shewale also mentioned the issue of
model explainability. “For Al to be trusted and adopted by
plant operators, its recommendations must be transparent
and understandable.”

Finally, many things cannot be measured with what Rathge-
ber called “a reasonable effort.” For example, inside a VRM,
“there is basically a 120°C sandstorm. No sensor survives
this kind of environment for more than a couple of minutes;
it is the same inside the kiln. These conditions would be
beneficial and interesting to measure, but we cannot do it
with physical sensors.”

There is also a people angle to consider, as “traditional
cement engineers may require upskilling in data science
and Al tools to collaborate with and manage these systems
effectively,” concluded ABB’s Shewale. Yet, Alcemy’s Shep-
herd cautioned against viewing people as problems. “While
cultural and operational differences exist across the globe,
they are not hurdles. A well-designed project architecture
and close collaboration have been shown to successfully
navigate these variations, empowering plants to harness
their data.”

When it comes to maintaining an Al model, this requires a
“decent amount of effort, according to Rathgeber, for sev-
eral reasons:

e Changing process behavior: Many factors — including
wear, raw material properties, and even seasonal envi-
ronmental conditions — can change process behavior.
The model must be continually adapted to these new
conditions to remain accurate.

¢ Failing equipment: For the Al system to work, incoming
data during inference (using the model after training)
must be of good quality. However, sensor failures hap-
pen. It is not viable to stop production to replace a sin-
gle sensor, as this would leave the system missing a data
source.

¢ Internet connectivity: While inference could be done on
an edge device, model training and adaptation must
occur on higher-performance machines. It is common
to do this on a cloud system, but many cement plants
are in remote locations where internet connectivity is
unstable.
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ABB Ability Expert Optimizer is an advanced process control
solution used to help cement producers reduce their car-
bon emissions. Photo: ABB

Using Al also brings some additional risks into the cement
production process. “The increased connectivity required
for Al integration introduces cybersecurity risks, exposing
plants to potential digital threats that must be mitigated
through robust security protocols,” said ABB’s Shewale.
However, this risk is “very manageable,” added Rathgeber.

The Future of Al in Cement Production:

Getting the Right Tool for the Job

The future of Al adoption in cement manufacturing is
“full of incredible opportunities,” concluded Alcemy’s
Alds-Shepherd, “even though some real challenges cur-
rently exist.” Whilst data can be siloed, unstructured,
or inconsistent, “many plants are often only one puzzle
piece away from a sufficient data setup, enabling them to
embark on their Al journey without massive new invest-
ments. The real opportunity lies in unlocking the value of
this information to drive innovation and decarbonization.”

“If done correctly, Al provides a huge potential in almost
every part of the plant,” agreed Gebr. Pfeiffer’s Rathgeber.
“From optimizing the process to production schedule plan-
ning and predictive maintenance, up to big models that con-
sider various internal, external, and environmental factors.”

However, for all its promise, the cement industry must
avoid seeing Al as the only solution out there. Rathge-
ber concluded with an analogy to make this point: “If you
need to hit one nail into a wall, there is no point buying a
heavy-duty nail gun capable of handling 100 nails a minute;
just get a hammer. It always comes down to choosing the
right tool for the job: some tasks are perfect for Al; others
can be done (and often done better) with simpler, cheap-
er methods. Al should not be seen as a panacea, butitisa
powerful tool that, when used correctly, can achieve great
things.” A
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