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The impacts of furniture layouts

Modern cleanrooms are designed around carefully
engineered airflow, validated cleaning processes,
and controlled operator movement.

However, gnce the constmuction and ['his leads to numerous issues with
installation phasze = complets, fumiture = how effectively the cleanroom and
often positioned according for convenience operators perform.

rather than contamination contral.
Inthis white paper, we'll discuss the

A common issue across clearrooms i that importance of cleanroom furriture layouts,
furniture laycuts are not considered durning how this impacts performance, and key
the cleanroom’s design phase. but rather considerations when looking to fumish
during the final phase of set-up. a new or existing facility.
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Why cleanroom furniture
selection and placement matters

Commissioning a new cleanroom is a
lengthy process. Months are typically
taken to design, construct, and validate,
with careful considerations made across
each of the design and build elements.

Yet the introduction and placement of furmiture is
often overlocked; benches, cabmmets, chars, and
storage units are positioned for convenience rather
than contaminaticn control, potentially compromising
the perfommance of an otherwise well-designed facilty.

It's important to remeamber thot furniture placement
is a contamination control strategy, not simply on
interior design decision.

Computational filid dngmics. (CFE)
modeling to demaorstrote Qirfiow patiams:

The incorrect selection and placement « Airflow patterns + Cleaning and disinfectionregimes
of cleanroom furniture can have

significant impacts on crucial aspects

of the facility, causing issues across: « Operator efficiency « ' Flexibility and future expansion

+ Particulate controt « Mantenance and validation

While it might be easy to think, *Does the
placement of a table really matter that much?”
in reality, it does.

Cleanrooms are engineered workspaces
that demand stnngent processes to protect
performance, safety, and mtegnity.

Furniture should therefore be considered an
integral part of the contamination control strategy
rather than simply workplace equipment.

Cleanroom regulations including iSO 14644

and EL) GMP don't explicitly state where

to place furmiture within a faocility, Howsver, they
o require an understanding of the impacts
associated with the cleanroom's layout and follow
a risk-based approach to contamination control,

This is where furniture layouts are key; during
inspections, organisations may be expecied o
justify layout decisions where they could influence
airflow, clzanability, personnel movement,

ar contamination risk.
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The cleanroom operational
impacts caused by furniture

Poor furniture placement can create issues that collectively increase contamination
risk and reduce the operational efficiency of the cleanroom.

N

Nop

Fmiture plocsment consignificanty impact the airfiow thot FRLES wank hord (o produce:

Airflow disruptions

A& cleanroom’s fan fitter units (FFUs) containing HEPA or However, furniture can become an obstacle within this

ULPA filtration systems supply clean, filtered air into the carefully engineered environment, causing disnuptions

controlled environment. FFUs control airborne particles, to airflow pattems.

creating unidirectional airfiow either vertically from

ceiling to floor, or horizontally across the room. Furniture tems that are too tall er wide, or those with
solid panels, could block the flow produced by FFUS,

I'his airflow sweeps away particulates and prevents them creating stagnant zones, impacting airflow velocity,

fram returmng to the workspace. The airflow patterns and resulting in particulates settling on surfaces.

and pathway's are determined and validated during the )

cleanroom's design phase, typically with computational Furniture should also never obstruct air returmn grilles,

fluid dynamics (CFD) medeling to determine the number as this can reduce the effectiveness of the designed

of required FFUs and their performance. airflow path and create localised recirculation.
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Operator efficiency

Depending on your cleanroom's size and application,
operators will be moving in and around the facility
to transfer materials and complete tasks.

When it comes to your cleanroom operators,

there are many aspects that need to be conzdered,
including PPE, processes, workfiows, ergonomics,
and S0Ps, all designed to maintain compliance,
operator comfort, and efficiency.

During the design phase of commissioning

a cleanroom, travel paths and personne! flow will

also be considered, which determines the route
operators take when travelling through the controlled
facility. as well as ways to avoid crossovers and
backiracking, which could impact airflow rates.

However, like with airflow disruptions,

furniture placement can also create blockages,
congestion, and UNNECESsary Movement amongst
your personnel.

Poor placement can cause additional watking to
manoceuvre around the furniture, block transfer
equipment such as trolleys, cause excessive
movement from reaching up towards shelving or the
back of surfaces, or coflisions with other personnel.

A commion phrase within the cleanroom industry
is the cleanest operator is the one who moves the

detarmining trvel paths ¥ l=ast. Every additional mavement to accommodate

furmiture generates more unnecessary particles.

Operator ergonomics is 3 big factorina
well-managed cleanrecom facility; and furniture

plays a huge role in this. Inefficient positioning of
furniure could create shadowing, blacking light
that's nesdad in order for operators to perform tasks.

This can also cause difficulties for personnel if
work surfaces or shelving is placed too high or low
for the operators, causing additional unnecessary
movernent and uncomfortable working condrtions.
Furniture should always be placed ina way

that works alongside cleanroom personnel and
predetermined travel paths to allow for optimal
operator efficiency during shifts.
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Cleaning and disinfection

Specialised and tailored cleaning regimes are crucial
for optimal contamination control and compliance.

Both 150 14644 and EU GMP specify expectations
and best practices regarding cleanrcom cleaning
and reducing particulates.

Within EU GMP facilities, these should be outhned
as part of your wider Contamimation Control
Strateqgy (CCS)and reviewed at regular intervals
determined by a nsk-based approach.

Contaminants can come from muitiple sources,
including persennel, equipment, toots, and as

a by-product from applications performed in
the cleanrocom.

Ower tirme, dirt, cell debns, residues, and micro-
organisms will build up on surfaces-and must be
removed via cleaning and disinfection regimes,

Furniture placement can significantly impact
cleaning and disinfection effectiveness.
Firztly, is fumiture placed in 2 manner that's
accessible for your operators and cl2aning

» '; A equipmant? Personnel should be able to
—e o o . — easily reach from abowve, below, and across
Firmiture should be eaty to-ocoess ond clegn os port of your furniture surfaces.
decarsomination process

Secondly, furniture can obstruct lighting
and create shadowed areas within the room,
which can result in these not being cleaned
properly ar missed antirely.

Finally, particulates can also gather and
accurnulate in small gaps that can't be accessed
as 5 result of furniture being placed too close
together, allowing for microbial harbourage and
potentially ieading to a contamination incident
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Maintenance and validation

A cleanroom validation is an important process
to verify that your controlled environment and its
components are performing in accordance with
process reqguirements and applicable industry
standards.

For IS0 14644 closs B —6 focilities, validation
is every 12 maonths, ond with class 5 and aobove,
and EU GMP facilities, validation is every

& months.

When vahdating your cleanroom, a senies of tests
. Rorhe L ke e b, e 1o are performed by a gualified engineer to assess
InancurTtE resits Sl : g the overall performance of the facility while in use

[hess tests include:

Particle counts

= Airflow and air change rates
DOP fitter integrity
=« Recovery rates

« Pressure differentials

+ Temperature and humidity

Sound readings

Light readings

« Airflow visualisation

Validation engineers will require access to all

areas of your cleanrocom in order to perform the
reguired tests and verify component performance.
Therefors, all areas must be easily accessible to
perform the required testing with no obstructions
from furniture.

Additicnally, furniture shouldn't significantly
influence or impede on validation testing results.
All testing and monitoring locations must remain
representative and not affect airflow rates or
smoke visualization testing. Poorly placed furniture
that impacts the validation process can lead to
inaccurate results, delays in testing. and even a
failed validation.
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Key considerations when
furnishing a cleanroom

The process of furnishing a cleanroom will look
slightly different depending on whether you're fitting
out a new facility or refurbing an existing cleanroom.

CAD famitire fnyoint design for o GMP fercifity

For thoss introducing a new cleanrgom
facility, fumiture layouts and placement
considerations should start dunng the initial
design phase of the project all the way
through to installation and validation:

Faor EUJ GMP cleanrooms, furniture should be a
fundamental part of DO (layout decisions are
madel, 00 (demonstrats that layouts havern't
compromised the design and enginesring), PO
{demonstrate that layouts work operationalby),
and |G Idemanstrate that furniture has been
installed correctly).

Where relevant, IS0-compliant facilities
zhould follow a similar approach based an their
own risk-assessments and SOPs. Ultimately,
furniture layouts should exist as part of

the facility’s overall design, and not as an
afterthought once the cleanroom has been
installed — this allows you to demonstrate
intention and control when justifying layouts
tonspectors and auditors.

Cleanroom managoment mads simple

For those whao're looking to refurbish an
existing, validated cleanroom (elther due

to expanding production, upgrading legacy
furniture, or improving workflows) it's crucial
to consider how you can improve the room
without compromising its validated state.

Layout changes shouldr't be made due

to convenience or aesthetic purposes,

and layout changes should follow the
organisation's change management process.
Before moving or introducing any furmiture,
considerations should be made across all

the elements highlighted earlier in this white
paper: alrflow patierns, operator and matenal
flows, cleaning regimes, and maintenance
and validation.

Changing layouts may alter these aspects
and impact validated performance.
Therefore, proposed furniture changes
shiould be reviewed to determine whether
additional testing or verification is necessary,
as well az new S0Ps,

Every furniture placement decision,
whether in a new facility or an existing one,
should answer the following guestions:

+  [Does it support the manufacturing process?

»  [oes it preserve airflow and
contaminatian cantrol?

» Canitbe clesned and maintained effectively?

«  [oes it imorove operator warkflow
without intreducing new rizks?

+ Canthe decision be justified through
rick assessment and, where applicable,
change control?
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Future-proof furniture layouts
for expanding facilities

As demonstrated earlier in this white paper,
optimal furniture layouts support current
production processes and applications.
However, what's suitable for today may
create obstacles in future if flexibility
hasn't been considered during the

initial design phase.

Cleanroom furniture
material selection

Whilst not the primary focus of this white
paper, material selection is another important
consideration when introducing furniture

into a controlled environment.

[ he materials uzed in cleanroom furniture
determines its durability, strength, resistance,
cleanability, and application sutabulmy.

When selecting fumiture matenals,
organisations should consider how
operations may evolve over time.

Ferinstance, changes to cleaning regimes,

new manufaciurng processes, or different
product types may place greater demands on
material perfarmance than onginally anticipated.
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Fumiihurg materiors determines its dunmhility, strength,
resisioncs, cleandtiiity, url:fnp]:ﬁmtnﬂsnrmhﬁ}
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Az cleanrooms expand, they may introduce new
applications, upgrade equipment, grow thelr team
of operators, and reconfigurs workflows; furniture
layouts should accommodate these changes.

When developing furniture layout plans, it's important

to consider how production will evolve over time,

and what new furniture or rearrangements will need to

be introduced to support expansion without posing issues
to crucial cleanroom elements.

Every cleanroom has its own unigue requirements;
selected furniture should be fit for purpose and
support with meeting key contamination control
and operational requirements, including:

v Matenals should withstand routine cleaning and
disinfection without degrading or reacting to
cleaning agents and chemicals.

v MNon-porous surfaces 1o minimise particle
retention as well as low particle shedaing 1o
reduce the introduction of contamination.

v  Furmiture should be gurable to tolerate heavy use
and demanding conditions without deforming,
corroding, oF compromising performance,

«  Matenals should be compatible with the
cleanroom applications. For example, within
electromics manufactunng cleanmoms, furniture
may require £S0 properties to minimise
electrostatic charge bulfdup.

v  Surface materals should also be appropriate for
the cleanroom's classification. For example,
304 stainless stesl is commonly used within
many I50-classified cleanrcoms, offenng
corrosion resistance and strength without
unnecessary cost. However, 316 stainless stee
is often the preferred choice for GMP grade
cleanrooms due to its enhanced durability
and corrgsion resistance:
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Cleanroom furniture fit-out for agricultural
and marine autogenous vaccines

A bespoke cleanroom furniture fit-out was delivered for a biotechnology
manufacturer producing autogenous vaccines for agricultural and marine life.

I'he facility was refurbished with GMP-compliant
solutions that would improve operational efficiency,
support regulatcry compliance, and provide a flexibte
environment that accommodates future expansion.

I'he first phase focused on upgrading manufacturing
and storage areas with a combenation of standard and
custom-made stainless stee! furniture. Designed In
accordance with EU GMP Annex 1 reguirements, the
fit-out included both 304 and 316 stainless steel tables,
cupboards, drawers, sinks, racking, transpaort trolleys,
and a dedicated gas cylinder storage unit

Each item provides superior durability, corrosion
resistance, easy cleaning, and meets the demands
of a GMP grade 8 cleanroom:

Az produchon reguirements expanded, an addiional
storage ares was introduced. Althoogh this space did
not reguire GMP-compliant fumiture, a bespoke 304
stainless steel solution was recommended to maintain
consistency throughout the facility while providing the
strength needed to support heavier storage loads.

“Fram the very word ge. the whole team

have been a plegsure to work with and l'his approach also created a cohesive working
have around. The team were onsite for environmeant and ensured the furniture would
four weeks and nothing wis ever a problem continue to meet the site’s operational needs
for them. Every hurdie was carefully as production developed.

communicated, and a solution was
alwaoys found. The build was kept to
schedule throughout, ond we were
extremely pleased with the end product.”

A comprehensive site survey formed the foundation

of the design process. allowing the available space,
warkflow, and storage reguirements 1o be fully assessed
befare manufacturing began.

Using 30 modelling software, proposed fumiture layouts

were visualised and refined in collaboration with the
client. Before installation, designs were presented that
b S optimised personnel movement, matenal flow, and
v e e T AR equipment positioning, ensunng the finished installation

supported efficient day-to-day operations while allowing
flexibility for future changes.
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Summary

Qur team will support you with your
cleanroom needs. Whether you're new to
cleanrooms or an experienced professional,
we're here to ensure compliance and
enable innovation.
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We combine trusted solutions with decades of proven expertise

We're the trusted partner for organisations
seeking cleanrcom expertise, whether you're new
to cleanroom reguirements, or an experienced
professional.

Committed to delivenng high-guality cleanroom
products and services, our team of experts has
extensive industny experience, so our solutions
mest the stnngent requirements of sectors such
as pharmaceuticals, biotechnology, healthcare,
glectronics. and more:

Cleanroom solutions: Cur cleanroom solutions
have been built by you. From years of collaborating
with thousands of clients wordwide, our Enge of
hardwall and softwall predesigned cleanrooms and
laminar flow cabinets are a swift, cost-effective,
and highly efficient contamination control solution,

Furniture fit-outs: Whether you need custom-
built fumiture tailored to your specific space,

or an off-the-shelf solution for your evelving
enyvircnment, our furniture experts will work with
you throughout the entire process, creating the
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mest efficient layout toorgamse the flow of
people, materials, and progucts,

Cleanrcom consumables: From new start-ups to
multi-site cleanroom operations, our dedicated
team 5 commitied to supporting you on your
product and protocol needs. Our-focus is to help
you reduce nisk and minimise change within your
supply chain, giving-you confidence that your
products are comphant and meet regulatory
gledelines

Operator training: We offer CPD-certified training
courses to support the operational functionality of
your cleanroom. With a mixture of theory, tutonals,
and interactive workshops, our courses will help
you controd the introduction, generation, and
retention of particles in line with ELN GMP and (50
14644 standards:

With on office ond showroom in Lancaoster,

we're deally situgted to support our custamers
ooross the country and further ofisid,
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