REFRACTORIES

Why cyclone efficiency matters

Small deviations in cyclone performance can have a disproportionate impact on preheater
efficiency. While focus is often placed on combustion and process control, the separation
efficiency of the lowest cyclone stages remains a key - yet often underestimated - driver
of both thermal performance and induced draught fan power demand across the entire
preheater tower. Maintaining this efficiency in practice requires stable and durable dip
tube solutions, particularly under demanding operating conditions with high levels of

alternative fuel utilisation.

W by Lars Andersen and Simon Kofoed-Dam, HASLE Refractories, Denmark

I n modern cement production, improving
preheater efficiency is typically
approached through fuel optimisation,
process control, or overall system design.
However, one critical factor often receives
comparatively limited attention: the
separation efficiency of individual cyclone
stages.

While cyclones are traditionally
regarded as simple gas-solid separators,
their performance directly governs both
heat recovery and gas flow behaviour
within the preheater. Even small deviations
in separation efficiency can influence fuel
consumption, pressure balance and overall
process stability. Despite this, cyclone
efficiency is rarely treated as a primary
optimisation parameter and is often
assumed to remain constant once a system
is in operation.

However, in practice cyclone
performance is highly sensitive to internal
geometry and component condition,
particularly in the lower stages of the
preheater.

From stable design to

variable reality

Under ideal conditions, cyclone geometry
is carefully engineered to achieve a defined
balance between separation efficiency

and pressure drop. This ensures efficient
heat exchange and controlled material
flow through the preheater. However, in
real plant operation this balance is rarely
maintained over time.

As cement producers continue to
increase the co-firing of alternative fuels
(AFs), operating conditions within the
preheater system become significantly
more demanding. Variations in fuel
composition, particle size, moisture
content, calorific value and combustion
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Figure 1: the relation between the separation efficiency of the individual cyclone stages,
expressed as percentage precipitated material in relation to the total feed to the cyclone, and
the relative specific power consumption of the kiln ID fan. (FLSmidth, 1994)
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Figure 2: the relation between the separation efficiency of the individual cyclone stages,
expressed as percentage precipitated material in relation to the total feed to the cyclone, and

the specific heat consumption. (FLSmidth, 1994)
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behaviour introduce fluctuating thermal
and mechanical loading throughout the
preheater tower.

Compared to traditional fossil fuel
operation, where combustion is largely
confined to the calcination zone and
follows a relatively stable and predictable
profile, modern preheater systems
increasingly experience a more dynamic
and distributed combustion pattern.

As AF utilisation increases, combustion
may extend into the cyclone stages and
shift over time, resulting in more variable
and less balanced operating conditions
throughout the preheater.

AUGUST 2026 INTERNATIONAL CEMENT REVIEW

This transition places additional
demands on the preheater system’s ability
to maintain stable gas-solid interaction
and consistent separation efficiency,
particularly in the lower cyclone stages
where process sensitivity is highest. As a
result, cyclone performance becomes a
dynamic parameter rather than a fixed
design condition.

Quantifying the impact of
cyclone efficiency across stages
Operational modelling of multi-stage
preheater systems shows that the effect
of cyclone efficiency is both measurable
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and highly stage-dependent.’ A variation
of just one percentage point in separation
efficiency affects multiple process
parameters simultaneously, including
specific heat consumption, exit gas
temperature, system pressure loss and
induced draught (ID) fan power demand.

These effects are not evenly
distributed across the preheater. Instead,
they increase significantly towards the
lower cyclone stages. The modelling
shows that in a five-stage preheater
system configuration, a one per cent
improvement in separation efficiency can
reduce specific heat consumption from
~0.2 kcal/kg clinker in the upper stages to
~0.7 kcal/kg clinker in the lowest stage.
This reflects the increasing thermal value
of the material as it progresses through
the system.

In the lower stages, where the raw meal
is already close to calcination conditions,
any loss of separation efficiency directly
translates into a loss of usable thermal
energy. At the same time, increased
material carry-over raises dust loading in
the gas phase, leading to higher system
resistance and increased fan power
demand.

The combined effect is a direct link
between cyclone efficiency and both
thermal and electrical performance of the
preheater system. As shown in Figures
1 and 2, the magnitude of this effect is
strongly dependent on the cyclone stage,
with the lowest stage having by far the
greatest impact.

Interpreting the stage
dependency

The strong influence of the lower cyclone
stages can be explained by their position in
the process.

At this point, the raw meal has already
absorbed a substantial amount of heat,
and inefficient separation causes this high-
energy material to recirculate upwards,
where it must be reheated in subsequent
passes. This reduces the efficiency of each
heat exchange cycle and increases overall
fuel demand.

In addition, the lower stages play
a central role in defining gas-solid
interaction in the riser duct and calciner.
Therefore, variations in separation
efficiency not only affect heat recovery
but also influence combustion conditions
and process stability downstream in
the process - effects that become more
pronounced under high AF utilisation.

Maintaining cyclone efficiency in
practice: the role of the dip tube
While the importance of cyclone efficiency
can be clearly demonstrated, maintaining
this efficiency in real plant operationis a
different challenge altogether.

In most preheater designs, each cyclone
stage is designed and equipped with a dip
tube as an integral part of the separation
system. The dip tube defines the gas outlet
and stabilises the internal vortex, ensuring
thatincoming material is exposed to the
intended separation mechanism rather
than bypassing directly into the gas stream.

Figure 3: installation of a HASLE Gen3 CVF in a cement plant in Japan,
November 2024 - still in operation after more than 18 months of service

.
S
3
3
Q<
=
g
g
(©)

INTERNATIONAL CEMENT REVIEW AUGUST 2026

Therefore, cyclone efficiency is not
only a function of process conditions but
fundamentally linked to the condition and
geometry of this component.

Dip tube: from design intent to
operational reality

Under ideal conditions, the dip tube
maintains a stable and well-defined flow
pattern inside the cyclone. However,

in practice, particularly under high AF
utilisation, this condition is rarely sustained.

Thermal loading, mechanical stress and
chemical attack gradually affect the dip
tube geometry and lifespan. Even relatively
small deviations, such as deformation
or surface degradation, can disturb the
internal vortex and reduce separation
efficiency well before complete mechanical
failure occurs.

In more severe cases, dip tubes may fail
entirely within a single campaign. To avoid
repeated shutdowns, some plants choose
to operate without dip tubes in the lower
cyclone stages, accepting a reduction
in process efficiency as a trade-off for
improved short-term availability.

Operating without a dip tube:
impact on system performance
The absence of a dip tube removes the
primary control element for cyclone
separation. Without a stable vortex
structure, a larger fraction of material
bypasses the separation zone and is
carried upwards into higher stages. This
increases internal circulation, reduces
heat recovery efficiency and raises overall
system loading.

Based on operational experience, it is
not unreasonable to expect a reduction in
cyclone separation efficiency in the order
of 10-15 per cent when operating without a
dip tube in the lowest-stage cyclone.

The impact of such a reduction is
significant. In practice, operating without
a dip tube may increase specific heat
consumption by approximately 1-3 per
cent while also increasing ID fan power
demand, typically in the range of 3-5 per
cent. These effects are consistent with
the strong stage dependency described
earlier and underline the importance of
maintaining separation efficiency in the
lowest cyclone stages, where it becomes
a key lever for optimising both thermal
efficiency and overall energy consumption
of the preheater system.

In addition, reduced separation
efficiency can affect combustion
conditions in the calciner, contributing



Figure 4: completed installation of a Gen3 CVF in a cement plant
e o i

to process instability and an increased
tendency for build-ups.

Maintaining separation
efficiency through stable dip
tube geometry
Therefore, the challenge is not simply to
include a dip tube in the design but to
maintain its geometry and aerodynamic
function throughout its service life.
Conventional steel dip tubes -
even those manufactured from high-
grade alloys - can struggle to meet
these requirements under modern
operating conditions, where increased
AF co-firing creates a more aggressive
environment. Deformation due to creep,
combined with corrosion, abrasion
and mechanical loading from the gas
stream and entrained raw meal, can
gradually compromise performance of the
component.

Figure 6: a Gen3 CVF in the lowest stage cyclone in an Australian

cement plant, two years after installation

Sustaining cyclone efficiency in
harsh environments

To address these challenges, HASLE
Refractories has developed the Ceramic
Vortex Finder (CVF) as a durable dip tube
solution designed to maintain cyclone
efficiency under demanding operating
conditions.

Firstintroduced in the 1980s, the
CVF system is based on precast, pre-
fired ceramic elements that interlock to
form a stable, self-supporting cylinder
suspended from a steel support ring
welded to the cyclone roof casing (see
Figure 4). Over decades of application
in cement plants worldwide, this design
has been continuously refined to address
the increasing demands associated with
modern kiln operation.

Building on this experience, the latest
generation - Gen3 CVF - represents a
significant development in both material
performance and
structural design.
Itis specifically
engineered for the
harsh environments
encountered in
preheater systems
with high levels of
AFl utilisation.

The Gen3 CVF
is produced from a
newly developed,
high-performance
non-cement
castable based
on synthetic
raw materials to
ensure there are
no impurities. The
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Figure 5: inspection of a CVF in February
2026 at a cement plant in Germany
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incorporation of nanoparticle technology
enhances mechanical strength, while
improved chemical resistance ensures long
service life in environments with elevated
levels of corrosive species in the gas phase.
As a result, the ceramic dip tube
maintains high dimensional stability
without deformation at operating
temperatures up to ~1200°C.

Global roll-out

The Gen3 CVF has been installed in plants
worldwide, across different kiln sizes, fuel
mixes and process configurations.

In Germany a 5000tpd cement plant
operating with up to 95 per cent AFs has
implemented Gen3 CVF in both the lowest
and second-lowest cyclone stages of a
dual-string preheater (see Figure 5). The
solution has become a permanent part of
the maintenance strategy, achieving service
lifetimes of four years in the second-lowest
stage and one year in the lowest stage, with
the most recent installation still in operation
after 15 months.

At a 4000tpd cement plant in Australia
operating with approximately 40 per cent
AFs, the lowest-stage cyclone is exposed
to demanding conditions of 850-900°C.
Following installation of a Gen3 CVF
in January 2023, the unit remained in
operation for two years and nine months,
exceeding the plant’s campaign target and
leading to continued implementation of
the solution (see Figure 6).

In each of these cases, the Gen3 CVF
has demonstrated its ability to maintain
cyclone efficiency under a wide range of
operating conditions. H
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