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ABSTRACT

This study investigates the impact of advanced airflow distribution
technologies on the cleanliness and energy efficiency of operating rooms.
A compound laminar airflow ceiling (CLAC) was developed and evaluated
using computational fluid dynamics (CFD) simulations, experimental
measurements, and field tests. Results show that the CLAC significantly
reduces air circulation zones and solid aerosol particle concentrations in
critical surgical areas compared to standard laminar airflow ceilings. The
findings also reveal that the enhanced air distribution allows for lower
airflow rates while maintaining or exceeding cleanliness standards,

enabling potential operational cost savings of up to 40 %.
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Introduction

With increasing demands for clean and controlled
environments across a variety of industries, from
healthcare to pharmaceuticals, the importance of
efficient HVAC solutions is increasing. Operating
theatres (OT) require specific building and
technology systems and procedures that minimise
the risk of ambient contamination and help to
ensure the highest standards of patient safety.
Contamination of the operating theatre, and
especially the patient's operating field, can be
eliminated by air handling or, better, air
conditioning'. This space is referred to as a clean
room?. The concentration of solid aerosol particles
in its air is controlled according to predetermined

limits. Particles are emitted into the environment
by personnel, technology, maintenance and
equipment. These particles must be continuously
removed from the room and from the air in the OT.
The cleanroom quality requirements determine
what particles must be controlled. The
requirements for cleanrooms and zones are
contained in many standards, for example
German?®, international used by the Czech® and
United States standards®. The Czech norm* defines
the cleanroom class as shown in Tab. 1, where class

B corresponds to a superaseptic OT.

Tab. 1 - Classification of cleanroom according to Czech standard*

Maximum particles count in the sample per m* equal or greater
Class In steady state In operating state
0,5 um 5,0 um 0,5 um 5,0 um
A 3520 20 3520 20
B 3520 29 352 000 2 900
C 352 000 2 900 3520 000 29 000
D 3520 000 29 000 undefined undefined

The only way to control the contamination in the
operating theatre is to comprehensively manage
the entire environment of the room.® This includes
the air handling system itself and its proper design,
the operation and maintenance of the equipment
and the room, and last but not least, the controlled
movement of personnel and compliance with their
dress code. For the air handling system, it is mainly:
air exchange, flow direction, pressure ratios, air
temperature and humidity, special air filtration.
Particle counts must be controlled and eliminated
as much as possible. The highest ambient
cleanliness must be achieved in the operating field
where the patient is located. This can be achieved,
for example, by using a laminar airflow ceiling
(LAC). The laminar airflow ceiling is the end
distribution element of the air handling equipment.
Generally, it incorporates high-efficiency 3rd stage
filters - HEPA filters. The laminar ceiling ensures a

sufficient supply of a large amount of air directly
into the patient field. Its functioning consists in a
laminar air flow moving vertically downwards. This
phenomenon, among others, is the subject of the
research described in this paper. The laminar
ceiling is illustrated in Fig. 1.
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Fig. 1 - Laminar airflow ceiling illustration and photos

Presently, there is a demand for higher quality
services and technology, but also for energy
savings. The Society has made significant progress
in terms of technology for the implementation and
use of operating theatres. The risk of infection
during patient surgery, where sensitive internal
organs are exposed and can be more easily
infected by microbial particles from the
surrounding environment, has been significantly
reduced. The use of a laminar ceiling is intended to
ensure the highest environmental cleanliness in the
operating field. Many years of use of this system
have proven its functionality. Even so, the risk of

infection, as well as the solid aerosol particles in the
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Fig. 2 - Visualization of velocity vectors from LAC’

The research’ aims to prove this hypothesis using
air motion simulations. If this is proven, better
measures should be proposed to ensure that this

air themselves, cannot be completely eliminated.
This research aims to discover the possible
shortcomings of the use of OT air conditioning
using a LAC and to propose better measures.

The first issue is air quality. The second issue is the
energy consumption of the system. In the LAC
airflow research’, a simulation of airflow around a
lying patient can be observed. The simulation is
shown in Fig. 2. In the upper left and right corners
of the visualization, circulation areas can be seen
which could indicate the accumulation of more
degraded air and with it the possible accumulation
of aerosol particles.
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phenomenon is eliminated or reduced. For this
case, a compound laminar airflow ceiling (CLAC)

was designed to change the airflow pattern in the
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room, especially under the ceiling where air
circulation occurs.? An illustration of this CLAC is
described in Fig. 3. From the illustration, it can be

d energy savings in operating rooms

seen that the CLAC reduces the ceiling height and
is provided with side air inlets.

Fig. 3 - lllustration of CLAC

First and foremost, the most important thing is to
describe the problem and set the objectives. It is
hypothesized that the use of current laminar
ceilings can be further improved to improve the
efficiency of air exchange in the operating room.
The idea of improving efficiency is based on two
components - improving the air quality in the
operating room and improving the economics of
both the design and operation of the air handling
equipment.

The study can use multiple methods to reach these
objectives. For computational modelling should be
used model that corresponds to the currently built
operating theatres, which generally have
dimensions of 5x6x3 m. In comparison to
computational model in Fig. 2, in real operating
theatre there are multiple obstacles that influence
the air flow, for example operating lights, stands,
personnel and other medical technology.
Examination of the air quality relates to the fact that
the air quality at particular point in space is closely
related to the flow pattern®. From this point of view,
it is possible to draw some partial conclusions
about the distribution of air quality in space by
identifying the flow images produced by the
mathematical 3D model. The cleanliness of the

indoor environment in terms of contamination is

usually measured either by the fallout method, by
aeroscope’® or by a laser particle counter. The
State Institute of Health of the Czech Republic uses
this equipment for measurement and validation of
cleanrooms throughout the country, especially the
laser particle counter.

Methods

Computational modelling is used to determine the
current air condition in the operating theatre room
with standard laminar airflow ceiling (LAC). More
specifically, it is a dimensional analysis using the
theory of similarity. A mathematical model has
been developed in the software ADAPCO STAR
CCM+ in order to create a subsequent flow picture
showing the influence of the factors in the
operating theatre (OT). The dimensions of the
room of 5x6x3 m are respected in this model. The
first visualization interprets the airflow through a
LAC into a room without obstacles. For the next
results the obstacles are implemented in the
model, which represents operating lights, stands,
source bridges and various elements of medical
technology. These devices are not only massive,
but they are also a source of heat, which is set as a
boundary condition for the model.

© 2025 European Society of Medicine 4



For researching the air quality in the room, a
geometrically accurate OT model with a total
number of 361 315 polyhedral cells was used for
the calculation. The models used for the internal
equipment  (lamps, operating table) are
geometrically accurate, the simplification only
concerns the exclusion of non-essential parts of the
internal medical equipment such as tables,
ventilation and patient anaesthesia devices and
similar. For the boundary conditions of the
simulation, steady three-dimensional airflow with
turbulence influence was chosen. The Realizable K-
Epsilon model was chosen as the turbulence
model, and the Two-Layer All y+ Wall Treatment
model was chosen for the boundary layer
calculation. The air was modelled as an ideal gas,
the flow was treated as isothermal. The
“Segregated flow” solver was chosen. lIterations

were performed to the converged state.

After synthesizing the acquired knowledge, a
smoke test is conducted in a real operating room
with LAC. A smoke generator is used for this
purpose. It is a device that is used to produce fine
smoke and its controlled distribution to the desired
location of the space. Since the smoke is white in
colour, it is necessary to make a mobile dark
background which is fitted with a grid for visual
estimation of airflow velocity and shape.

A prototype of the compound laminar airflow
ceiling (CLAC) panel is manufactured and installed
in a real operating theatre of a plastic surgery
department. This prototype is connected to the air
conditioning system and put into full operation, as
would a standard laminar airflow ceiling. The next
step is to measure and observe the functionality of
the CLAC prototype and the air quality in the
operating theatre environment. In parallel,
computational fluid dynamics (CFD) simulations of
the airflow using the new panel are carried out.
Finally, a system evaluation and energy balance
calculation are performed to compare the required

airflow values and system efficiency.

For this research, the authors used a laser particle

counter to measure solid aerosol particle

contamination of the room. The actual
measurement was carried out using a calibrated
CLIMET particle counter. Standard professional
number

protocols for "cleanroom particle

measurements" were developed from the
measurements. Both protocols are in the author's
archive. The most significant samples taken are
collected at the point of the operating field - at the
patient site, where the lowest particle
concentration is predicted, and at the exhaust
outlet of the heating, ventilation and air
conditioning (HVAC) system under the ceiling,
where, in turn, the greatest number of particles in
the room is anticipated. In addition to these two
locations, measurements were also taken at the
floor, at the walls, under the ceiling outside the
laminar panel, at the exhaust grille near the floor,
and the values at the exhaust outlet averaged. The
efficiency of this system is calculated as a ratio of

these values, using the following relation:

y=> M

where:

- a—number of particles in the operating field [pcs
per m?]

- b — number of particles in the HVAC outlet [pcs
per m?]

- n - system efficiency [-]

To theoretically assess the potential operational
savings, two case studies were developed to
simulate energy consumption over the entire
calendar year. In both cases, the same exterior
climatic conditions and the same indoor
microclimate parameters in the operating room
were included in the calculation. The calculations
were performed in the TERUNA simulation
software. The operating mode of the OT was
chosen the same in both cases, i.e. full operation
of the HVAC equipment was considered according
to the real operation of the operating theatre in the
hospital in Ivancice, 6 days a week from 6:00 to
20:00. Outside of working hours, a reduction of air

output to 50 % of full output was considered.

© 2025 European Society of Medicine 5
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Results

The first result is the CFD simulations of the airflow
from a standard LAC presented in Fig. 4. Using this
simulation, the flow characteristics of this
distribution element in its standard configuration

are investigated and key parameters such as flow
steadiness, turbulence and the ability to eliminate
particles from critical areas that will be emitted
from pollution sources - primarily personnel and

clothing - can be monitored.

X Y 2 0.092

Velocity (m/s)

0.136

Fig. 4 - Simulation of the airflow vectors using LAC element without obstacles

Clearly visible in the simulation flow is the similarity
with the simulation of earlier research’ interpreted
in Fig. 2 of this paper. The highest air velocity is
found in the operating field, on the floor and near

the walls. The space between the laminar ceiling
and the walls, closer to the ceiling structure, is
called the margin zone. This creates an area of air
circulation with reduced air velocity.
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Fig. 5 - Simulation of the airflow vectors using LAC element with added obstacles, longitudinal section

To more accurately simulate air movement in the
operating room, the devices found in operating
rooms are added, as mentioned in the Methods
chapter. Fig. 5 thus presents the results of a more
realistic simulation of air movement in the room.
The basic elements appear here with their respective

boundary conditions in case they emit heat.

The simulation in Fig. 5 shows the same airflow
analogy, but is more detailed. It shows, for
example, how light can impede the flow of air,
creating a small region of reduced air velocity. The
similarities of Fig. 5 and Fig. 4 can be seen in key
areas - these are the operating field, the floor, the

walls and the space under the ceiling in the

© 2025 European Society of Medicine 6
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peripheral zone. Fig. 5 shows a simulation of a

more detailed model in a longitudinal section of

the room. Fig. 6 further presents a simulation of air

movement in a cross section of the room.
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Fig. 6 - Simulation of the airflow vectors using LAC element with added obstacles, cross section

The issue of the place of circulation seems to be
apparent. A location with a lower air velocity may
mean that air with a higher mass age may be
collected at that location. Air mass age is a term
used to express the average time that air has been
in a space since it entered as a fresh air. This
indicator helps to evaluate the efficiency of air
exchange and shows how long it takes for the air in
a room to be renewed with new, fresh air. The
lower the age of the air, the more efficiently the
system distributes and exchanges air, which is
especially crucial in clean rooms where rapid
elimination of potential contaminants is required.
Consequently, this area with older air mass may

contain a higher concentration of particles than

areas with faster air movement.

Other simulations focus on the mass age of the air
itself. Fig. 7 shows a simulation of the airflow on a
3D model with a standard arrangement of the
outlet elements. The left illustration contains the
exhaust elements in the ceiling structure and in the
corners of the room near the floor. The right
illustration presents a similar simulation, but this
time the position of the exhaust elements is
changed for the sake of comparison, and they are
located only in the walls.

Mass Age ()

56.0 112.0 168.0

280.0

Mass Age (s)

72.0 —2 144.0 180.0

Fig. 7 - Simulation of the air mass age and airflow trajectory, left side has outlets on the ceiling, right side has outlets

only on the walls

© 2025 European Society of Medicine



Advanced air distribution technoloaies for enhanced cleanliness and enerav savinas in operatina rooms

The theoretical air change in the simulation is 35
times per hour. With a room volume of 90 m?, the
air flow is 3 150 m*h. Therefore, each air particle
should ideally travel its path in 103 s. However, the

movement of the particles is irregular mainly due

to obstacles. The different cases are described in
Fig. 7. Some particles pass this path very quickly
and are replaced in 30 s. Other particles, on the

other hand, remain in the room for 3 or 4 minutes.
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Fig. 8 - Visualization of simulated air mass age and circulating ring

In both cases of the location of the extraction end
elements, there is an area visible around the
perimeter of the room. Due to the visual profile of
this area, it can be called the main circulation ring.
In Fig 8, this area is shown in orange. The smaller
and secondary circulation areas are then marked in
blue. In Fig 8, a 3D model representation of the
main circulation ring itself with an air age greater

than 270 s can also be seen.

Simulations of the air flow on the mathematical
model showed us how the air exchange takes place
in the operating theatre and how the air flow
pattern looks like. This helped us to understand the
key air behaviour and the possible concentration of

airborne particulate matter in the solved areas.

The next step is to test the airflow in actual
operation using a smoke test. Fig. 9 shows a

research team member with smoke conducting an

experiment against a dark background. There is
also a closer look at the individual airflows shown
by the smoke.

© 2025 European Society of Medicine 8
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Fig. 9 - Smoke experiment in operational theatre under LAC

The picture of the air flow under the lamp was also interesting. The flow is slightly visible on a photograph

and is also illustrated in Fig 10.

Fig. 10 - Smoke experiment and airflow around the lamp

In general, the area of the clean zone, i.e. the area
that is completely flooded by the supply air and not
mixed with the room air, is not identical to the
dimensions of the large-area supply element - the
LAC. The supply air flow cannot be considered as
laminar even in the space below the laminar
ceiling, but it is a directed flow, especially in the
central part, dominated by inertial forces. At the

edge of the main supply air flow, due to the
viscosity of the air, turbulence is generated and
mixing with the ambient air takes place; the
ventilation in the edge zone can be characterised
as dilution ventilation and in the centre zone as
displacement ventilation. The viscosity of the air,
especially in the boundary layer, is applied here.

Fig. 11 - Simulation of the airflow vectors using prototype CLAC element with added obstacles, cross section

© 2025 European Society of Medicine
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With this knowledge, we proceed to the simulation
of the newly designed compound laminar airflow
ceiling - the CLAC. Fig. 11 shows the simulation of
the airflow in the longitudinal section of the

operating room and Fig. 12 shows the simulation

in the cross section of the room. The relative ratio

of the air supplied perpendicularly down to the

operating field and to the air supplied to the sides
is 90/10 [%].

Fig. 12 - Simulation of the airflow vectors using prototype CLAC element with added obstacles, longitudinal section

In both cases in Fig. 11 and Fig. 12 some similarity
to the original standard laminar ceiling can be
seen. However, it can be seen from the simulated
vectors shown that the circulation rings are now

split and smaller. The question is therefore how this
affects the age mass of the air. Its simulation is

shown in Fig. 13.

Mass Age (s)

0.0 34.0 68.0

102.0 136.0 170.0

Fig. 13 - Simulation of airflow trajectory lines and air mass age for prototype CLAC element

Fig. 13 illustrates the more reasonable behaviour
of the airflow, especially in terms of its age. In the
larger part of the operating theatre, the air
exchange is faster. The oldest particle in the room
according to the simulation reaches 170 s and only

at the point near the exhaust outlet.

Measurements  of  solid aerosol particle
concentrations were performed in the operating
room with the LAC and in the surgical theatre
where the prototype CLAC was implemented. In
order to limit the influence of different initial

conditions from the LAC and CLAC measurements,

© 2025 European Society of Medicine 10



the evaluation of particle number as a standard
variable for air quality assessment was carried out
in a proportional manner. The average
concentration of particles in the exhaust air is used
as a baseline and has a value of 1 in both cases. At

the other measurement points, always the same for

Tab. 2 - Particle count efficiency of the systems

both LAC and CLAC measurements, the ratio of
the number of particles at that measurement point
to the number of particles in the exhaust air is
expressed. For the resulting efficiency evaluation in
Tab. 2, the absolute values of the particle ratio are

calculated.

0,5 pm 5,0 ym
LAC (standard) 5,2 5,9
CLAC (innovative) 10,1 6,4

The individual measurement results are interpreted
in Fig. 14, where measured solid aerosol particles
from size 0,5 pm are shown, and Fig 15., where

1.4 4

@ CLAC

measured solid aerosol particles from size 5,0 ym

are listed.

O Standard LAC

1,0

relative particles count

0.2 —

0.8 —

0,6 I—

0.4 —

0,0 T

at the floor
at the wall

below supply
diffuser

Fig. 14 - Ratio of particulate count from size 0,5 pm

For the particles sized 0,5 pm and more, there are
the most significant relative differences measured

outlet on the
floor
outlet below
ceiling
outlet mean

below ceiling

area of value measurement

at the wall. This information corresponds with the

simulated air flow vectors.
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Fig. 15 - Ratio of particulate count from size 5,0 pm

area of value measurement
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Based on the experiments and measurements
made after the change of the flow pattern in the
operating room, it is theoretically possible to
classify the operating room into a higher
cleanliness class if the concentrations of solid
aerosol particles in the patient's operating field are
reduced. According to the currently generally valid
technical guidelines for air handling equipment,
the cleanliness class of a room is determined by the
intensity of air exchange, i.e. the amount of air

transported and treated. In general, the air quantity

for an aseptic OT is given as 2 400 m*/h or an
exchange rate of at least 20 times per hour, while
for a super-aseptic OT a minimum air quantity of 3
600 m*/h or an exchange rate of at least 30 times

per hour is required.

An example of the energy consumption calculation
for the aseptic OT is shown in Fig. 16. The result of
the energy consumption calculation for the
superaseptic operating theatre is shown in Fig. 17.

10 000
8000
8000
7000
6 000
5000
4000
3000
2000

1000

H

Fig. 16 - Heat energy requirements for aseptic OT throughout the year.

To further inform about the values in Fig. 16 and
Fig. 17, the negative values represent cooling
demand. Blue line represents values for energy
demand for a facility without heat recuperation.

Green line shows heat demand for facility with heat
recuperation unit. Yellow line shows cooling heat
energy requirement.
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1 2

Fig. 17 - Heat energy requirements for superaseptic OT throughout the year.

Tab. 3 shows the cleanliness class of the aseptic
and super-aseptic room in relation to the measured

number of particles in the room according to Czech
standard”.

© 2025 European Society of Medicine 12



Tab. 3 - Classification of clean rooms on behalf of particle count

Number of particles and size for corresponding clean room class
Clean room class (um)
m
Operation Theatre |according to Czech a
for=0,5 >0,1 >0,2 >0,3 >0,5 =1 |[=5,0
standard* )
in ft? (m?) (m?) (m?) (m3) | (m3) [(m?)
superaseptic 5 100 100 000 23 651 10176 | 3517 | 832 | 29
aseptic 7 10000 [10000000|2 3651441017 6251351 67683 1762925

Based on the calculations of heat, cold, steam and
electricity consumption required for air transport,
MWh/year

converted into the financial cost of the operation

the energy consumption in was
of the considered facilities. The prices used for the

conversion were 19,2 € per 1 GJ of energy

consumed and 0,088 € per 1 kWh of electricity. In
the case of validation of a super-aseptic OT with air
parameters corresponding to an aseptic OT, up to
40 % savings in the operating costs of a given
HVAC system are possible, as detailed in Tab. 4.

Tab. 4 - Calculated potential energy requirements and savings for two types of clean room classes

— c ) +— + “© tﬁ
S o 5| 5 S 5| o 5 Ele g | o8
] = >
2 5 > | g |8¢| 5§ |£E|EE5 |8y D @52
S 90 [o8 © O O S~ o = o = O O ¢ g B
o £ on E’ T 2| T 5 8 5 = c 0 gl = © 0
0 Aow ) €| 8| g|&g |[T&°F
L 2
MWh / | MWh / | tonnes | MWh /
- m3/h | m3/h % €/ hour
year year / year year
Superaseptic 3600 | 3200 50 59,8 6,8 53 27 84
Aseptic 2400 | 2100 50 40,4 4,6 35 16 52
Theoretical energy savings - - - - - - - 32

To further illustrate the potential energy savings, Fig 18 shows how a total particle count changes with the

air change of the researched room.

5000
4500
4000
3500

3000

Aseptic operation theatre 28 m?,
height 2.8m, volume approximately
84 m3, air change 20 times per hour,

2500

2000

1500

Total particle count

1000

15,0 16,0 17,0 18,0

1700/1525
Design — 20 times
per hour — possible
y - 2edpseore  USE can be 19 times
R =p.8058 per hour
|
19,0 20,0 21,0 22,0 23,0 24,0

Air change [times per hour]

Fig. 18 - Total particle count depending on air change in a room of operating theatre with CLAC

Fig 18 shows a measured particle count in a room
of aseptic OT depending on value of air change
per hour. The design value of the air change was
20 times per hour. However, the facility could
change the air in the room with the value of only

© 2025 European Society of Medicine

19 times per hour and the concentration of solid
aerosol particles could still be at approximately
same low value. The orange dotted line represents

a regression of particle count dependency.
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Fig. 19 - Particle count dependency on the air change value - multiple measuring points

Fig 19 represents a measurement on a different
aseptic OT in Czech Republic. This time, three
individual measurement points were chosen to
observe particle count dependency on the air
change value. Blue line shows average particle
count at the operating field. Red line represents
average particle count at the air outlets. Green line
shows average particle count at the door entrance
to the operation theatre.

Discussion

This study demonstrated that the compound
laminar airflow ceiling (CLAC) achieves a more
effective performance compared to a standard
laminar airflow ceiling (LAC) in terms of air change
efficiency and energy consumption efficiency. By
minimizing circulation zones and decreasing solid
aerosol particle concentrations in the critical
operating field, the CLAC enhances cleanliness of
the room while providing the option to lower the
airflow rates. These findings carry significant
implications for both patient safety and hospital
operational efficiency".

Examples of the mathematical model of isothermal
airflow in OT are presented based on the outputs
of CFD simulations. In general, it can be stated that
the area of the clean zone, i.e. the space that is
completely flooded with supply air and where no
mixing with room air occurs, is not identical to the
dimensions of the large-scale supply element - the

laminar airflow ceiling. The supply air flow cannot

be considered laminar even in the space below the
LAC, however, it is a directed flow, especially in the
central part, dominated by inertial forces.

At the edge of the supply air stream, turbulence is
created due to the viscosity of the air, and it mixes
with the ambient air. The ventilation in the edge
zone can be characterised as dilution ventilation, in
the centre zone as displacement ventilation. The
viscosity of the air, especially in the boundary layer,
is applied here. The initial velocity field is balanced
due to the air flow through the laminarizer, the flow
is unidirectional. When the ambient still air is
flowing, the effect of air viscosity also applies here
and a boundary layer of mixed air from the supply
outlet and the room is formed. The velocity profile
changes, the braking effect of the boundary layer
is applied.

The distribution of the supply air flow into the inner
and edge zones with different flow regimes is
documented by the shape of the streamlines and
corresponds to the assumed mixing of the edge
zone air flow by the return flows visualized in the
mathematical models. As shown in the smoke test,
this method of flow visualisation is suitable for the
representation of the primary flow with air
velocities above 0.15 m/s to counteract the effect
of inertia of the incoming smoke. The display of low
velocity, high turbulence flows is not illustrated by
this method.

Visualization of the flow by imaging the subtle jets

using controlled distribution of fine aerosol (smoke)
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is a very illustrative method of capturing the flow
picture in OT spaces. The use of a small amount of
aerosol does not degrade the OT equipment or
burden the air handling equipment (the method
used does not foul the laminarizer fabric), yet it is
sufficient to visualise the flow at characteristic

points in the space.

Optimising the air distribution therefore means
establishing a flow pattern that reduces the mixing
of secondary polluted air into the primary air
stream. In addition, if the ventilation efficiency is
increased, it will be possible to reduce the supply
air flow rate, resulting in a reduction in the energy
consumption of the air handling unit.

The results reveal that the CLAC system achieves a
10-fold reduction in solid aerosol particle
concentrations in the operating field. This
performance can be attributed to its innovative
design, which reduces turbulence and improves
displacement ventilation near critical zones. These
observations align with findings in cleanroom
technology, where airflow patterns directly
influence particle dispersion and accumulation.
Airflow patterns in optimizing indoor air quality are
a crucial element in reducing contamination risks’.
Integrating such insights reinforces the broader

relevance of the study.

According to the above measurement evaluation,
it is possible to reduce the value of supply air to the
OT using the new technology and thus reduce the
operating costs of the air handling equipment. If
further work proves that it is possible to reduce the
amount of ventilation air with CLAC technology,
this will also have a major impact on the purchase

price of the air handling unit as a whole".

The operational energy savings highlighted by the
CLAC system further shows its benefits. By
maintaining cleanliness standards with reduced
airflow, the system contributes to lower energy
consumption — a key goal in sustainable HVAC
system design. Similar trends are documented in
study'?, which identified energy-saving opportunities
through airflow optimization in cleanrooms. This

positions CLAC systems as a model for integrating

environmental sustainability in surgery environment.

Although the study achieved promising findings,
there are some limitations to consider. Even that
the computational model included realistic
equipment and boundary conditions, further
refinement to the model or incorporating more
detailed heat sources and dynamic conditions
could improve the accuracy of the results. Also,
more different models with different dimensions
could potentially show different results, although
the measurement in real conditions on different
facilities has proven the hypotheses stated at the
start of this manuscript as well as the corelation to

findings in CFD modelling.

The potential of the CLAC system invites further
investigation in several areas:

- Comparative Studies: Evaluating CLAC systems
against other advanced ventilation technologies,
such as localized airflow systems or adaptive
ventilation, would offer insights into relative
benefits and trade-offs,

- Life Cycle Assessment (LCA): Quantifying the
environmental impact of manufacturing, installing,
and operating CLAC systems would support
broader adoption decisions.

- More data analysis from real CLAC installations.

Conclusion

The use of a compound laminar airflow ceiling
instead of a standard laminar airflow ceiling has
been shown to reduce the concentration of
particulate and microparticulate solid aerosol in the
operating field with the patient. A CLAC system
efficiency of 10 simply means that if a
concentration of 10 particles per 1 m?® is measured
at the extraction outlet, there is going to be 1

particle per 1 m? in the operating field.

It has been shown by relative evaluation that CLAC
establishes a more favourable distribution of
particles in the space of the operating theatre, as
this air distribution system achieves higher
ventilation efficiency. This improvement would, in

some cases, meet the requirements of the
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classification for a higher cleanroom class even with
a lower design airflow. Significant energy savings
of up to 40 % on operating costs can be achieved

in this way.

Further work by the author will focus on refining the
identification and quantification of particle sources
in the operating theatre so that further
development of the mathematical model already
includes two-phase flow with emitted particles

from indoor sources, especially personnel.
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