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Modular building technologies have 
well proven to meet the pharmaceutical 
industry’s demanding capacity and 
speed imperatives. 

For the last three decades or more, 
biopharma’s growth has been nothing 
short of amazing. From life changing 
biologics and monoclonal antibodies 
(MAbs) to mRNA-based and now cell based 
immunotherapy medicines to fight viruses, 
cancers, and previously incurable diseases 
elevating biopharma’s position to even 
greater prominence. Regulatory guidance 
and approvals of Advanced Therapeutic 
Medicinal Products (ATMPs) also highlight 
the assimilation of these advancements in 
the biopharmaceutical sector. 

From recent growth projections it is 
evident that the patient reward, demand, and 
investment in cell therapies will continue to 
fuel the continuing rapid global expansion 
of the biopharmaceutical industry. This will 
require the industry to quickly expand its 
manufacturing capacity in alignment with 
the advanced scientific achievements on the 
verge of a new wave of discovery. 

Expanding ATMP capacity is a complex and 
expensive proposition, requiring enormous 
outlays of capital, resources and niche 
experience that can realise the requirements 
of the inherent novel manufacturing small-
batch process design methodologies. 
Although traditional biopharmaceutical 
manufacturing facilities have always been 
capital intensive to construct owing to the 
aseptic cleanroom sterile environments 
were intuitively rationalised by more 
efficient (and profitable) large-scale biologic 
manufacturing processes and their 
respective facility investments. There was a 
time when the business/financial case for a 
particular biologics facility and drug product 
would prioritise and rationalise a “speed 
to patient over expense” project strategy 
for new greenfield capital investments. 
Smaller-scale production requiring more 
nimble facility designs have shifted this 
economic paradigm requiring greater 
diligence to ensure long term value of 
significant capital outlays. New facilities 
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for highly specialised processes need to be 
designed and constructed in a manner that 
accommodates future novel and improved 
manufacturing processes resulting from a 
coming wave of therapeutic advances and 
expected capacity increases. 

In 2020, the global biopharmaceuticals 
market was valued at some $291 billion, 
according to market research company 
NextMSC. Dramatic growth is expected note 
analysts who project the market to increase 
to nearly $1 trillion by 2030.1 Fuelling overall 
growth in the sector Visiongain projects the 
global ATMP market to reach $59.91 billion 
by 2030.2 

Rapidly Deployed Flexible Manufacturing 
Capacity Needed Fast
Because of the global success of biologic 
products, industry data clearly shows 
that the demand for these aseptically 
processed therapeutics will continue to 
rise along with the corresponding increase 
in manufacturing capacity to serve growing 
patient populations, payer access, as well 
as the multi-decade appetite for venture 
capital investment. Biopharma’s response 
to this demand is drawing an astonishing 
amount of capital to the sector and with 
it, a call from the industry for millions of 
square feet of new, efficient cleanroom 
manufacturing space to produce the next 
generation of novel biologics, sophisticated 
cell based manufactured therapies.

With worldwide sales approaching $300 
million per year and increasing at ~12% 
annually, BioPlan Associates’ technical 
research director Ronald A. Rader explains 
that growth in bioprocessing supplies and 
services will also likely keep pace noting that 
new capital investments in bioprocessing 
equipment is growing at 8.7% on average.2 

He also noted the industry’s bioprocessing 
sector is extremely dynamic and will 
continue to expand in revenue, importance 
and diversity. 

Industry analysts confirm that almost 
all biopharmaceutical and biotech firms 
outsource at least some of their cGMP 
manufacturing operational needs. For 
example, outsourcing final product 
container vial filling and finishing labelling 

is a common strategic operational practice 
enabling capital investment risk mitigation. 
Following the growth of the biopharma-
ceutical sector, according to a report by 
Grand View Research, Inc. the global fill-
finish pharmaceutical contract manu-
facturing market size is projected to grow 
at a compound annual growth rate (CAGR) 
of 6.1% and expand to reach $14.0 billion 
by 2030.3

In the early years, traditional biologic 
(aseptic) manufacturing processes (e.g. 
cell culture, fermentation) addressed large 
markets with the applied therapies. Product 
areas were dedicated, batches were large, 
equipment automation was applied, and 
yields were quick to improve. 

In perspective, cell and gene cell 
therapies manufacturing process generally 
treat small patient populations, have manual 
aseptic production techniques that often 
induce proportionally greater facility design 
space and flexibility requirements including 
multi-product manufacturing. Also, these 
complex processes inherently have yield and 
scale challenges which impede efficiency 
and supply initiatives.

According to BioPlan’s survey respondents 
whose facilities perform cell and gene therapy 
bioprocessing, fear a “capacity crunch” similar 
to what mainstream bioprocessing feared 
at the turn of the century. Notable from 
BioPlan Associate’s market analysis was the 
fact that respondents were projecting the 
distribution of advanced-therapy capacity 
to be insufficient to meet coming demand for 
these specialised therapeutics. 

When considering the noted operational 
methodology differences and their 
consequential space demands, the current 
capacity shortfall for cell and gene therapies 
is estimated at 5× or 500%. Rader explains 
that means five times current capacity 
would be in use if such capacity were 
available. Most developers, including leading 
contract development and manufacturing 
organisations, are working to catch up 
with early and mid-phase clinical capacity 
needs, and a few developers he notes have 
scaled up capacity for commercial and GMP 
manufacturing.2

Manufacturing
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Manufacturing

All injectable drugs have one thing in 
common; they must be sterile and they 
require the highest levels of operational 
and compliance excellence ensuring the 
same level of patient safety of established 
biologics products. Cell and gene small batch 
processing necessitate manual “unit” aseptic 
processing steps, therefore making it even 
more challenging for the demand of space 
applied toward people and materials flows 
as well as to induce meaningful physical 
separation to qualify sterile technique 
correlated to product safety. 

Regulatory approved life-saving therapies, 
rapid advances in ATMP science, relatively 
small aseptic operations, multiproduct 
flexibility, and eager capital investors 
elucidate the current need for speed-
to-patient and the immediate need for 
manufacturing capacity. 

Speed-to-patient Cleanroom Solutions 
Delivered to Your Door
Traditionally cleanroom solutions were 
defined, designed and constructed on-
site over long end-to-end serial project 
timelines. These solutions not only negate 
speed-to-patient accelerated FDA approval 
structures (e.g., Breakthrough, Orphan Drug, 
Fastrack, PRIME), they also employ the use 
of outdated materials of construction and 
methods using stick-built wall-board 
construction never intended for an aseptic 
manufacturing environment. This conventional 
cleanroom methodology emanated from the 
biotech industry genesis era more than three 
decades ago.  

Current cleanroom solutions have 
evolved rapidly in step with the advancing 
biopharmaceutical processing sciences.  
Modular cleanrooms solutions use fit-
for-purpose robust materials to construct 
their wall & ceiling component systems 
that are manufactured off site under strict 
quality controls. The pre-manufactured 
modular approach enables an installation 
(or assembly) of these components in a 
parallel sequenced schedule activity format 
resulting in project completion reduction 
by months while reducing overall risk (e.g., 
cost, schedule, safety). And as with any 
technology, this kind of capital project’s 
value proposition has taken time to establish 
itself but, modular cleanroom solutions 
are now well aligned with industry and 
regulators’ quality and safety requirements.

Often, to deliver a defined, engineered 
commercial biopharma cleanroom space 
to facility owners, the project would 

traditionally assemble a list of related 
contractors and technology integrators to 
deliver the cleanroom space. Depending on 
the project manager’s preferred approach 
and/or experience, such a list might include 
a myriad of different contractors possessing 
a wide range of experience and qualifications 
for a project. This is often considered the 
most highly regulated form of construction; 
cleanroom manufacturing facilities. This may 
include:

1.  Flooring 
2.  Walls and ceiling
3.  Glass curtains
4.  Lighting, fixtures and controls
5.  Heating ventilation and Air Conditioning 

(HVAC) ducting, hardware, controls
6.  Fire suppression and safety systems
7.  EHS and operator system
8.  Shell and mechanical structural support 

design
9.  Personnel egress/access systems (life 

safety)
10.  Containment integrity and environ-

mental monitoring systems

From this incomplete list, it becomes 
evident the exponential complexity in 
experience, resources, and risk in coordinating 
a fast-track multi-million-dollar project in 
managing contractors, costs, and users. The 
probability of success is often low in achieving 
the project goals of budget, schedule, and 
quality.

The Future is Now for Pre-engineered 
Modular Cleanrooms 
Modular cleanroom solutions offer significant 
proven advantages over the conventional 
methodology by consolidating accountability, 
leverage expertise, increase lower cost risk, 
vastly improving quality, and expediting 
completion delivery. If need is the mother 
of invention, then the modular cleanroom 
approach has been specifically developed 
to address the specific challenges and 
drivers necessitated by complex biopharma 
projects. By current compliance standards, 
the component materials, fabrication, and 
installation methods are superior. (Relatively 
speaking an apples to oranges comparison.)

This engineering ethos continues to 
grow in popularity because of modularity’s 
inherent efficiencies. Further, many plant 
operators understand one key benefit of 
having a single-source system supplier comes 
well after construction and commissioning. 

A common complaint new plant operators 
often have is that once the A/E leaves the 

building there is no one company on the 
hook to resolve “issues” with all the critical 
cleanroom subsystems. So, instead of a 
gang of minimally invested contractors 
and equipment suppliers integrating a 
cleanroom system on-site, the industry has 
access to a single source supplier capable 
of delivering a completely defined, modular 
turn-key system to the site. An experienced 
modular cleanroom provider can deliver 
the full breadth of services to complement 
their product offerings. These include full 
cleanroom engineering design A&E services, 
component design/fabrication and expert 
installation services. This is backed by 
the ability to assume the full design and 
installation of the ISO classified HVAC 
mechanical cleanroom systems. A reputable 
modular provider likely has experience 
with thousands of cleanroom projects, and 
guarantees their product and its performance, 
not to mention being contractually account-
able to the client’s project schedule.

Pre-integrated Enabling Technologies 
Designed to Define the Space
These drivers have led to significant innovation, 
primarily in the form of integrating a systems 
approach to modular cleanroom design 
and engineering. Biopharma understands 
the best way to implement high-value 
cleanrooms faster and with significantly less 
risk is to leverage the technology’s advanced 
modularity, and prefabricated components. 
Developed with standard modular factory-
manufactured components, cleanroom 
systems are purpose-built to simplify imple-
mentation and integration of the sterile, 
aseptic manufacturing space biopharma needs 
to meet future SI capacity demand. 

Currently, several key enabling technologies 
leveraging modular concepts and factory 
fabrication are available from modular 
cleanroom providers offering the flexibility 
and configurability to meet specific facility 
and product cleanroom requirements 
including:

• Prefabricated, sealed microbial 
resistant wall panels 

• Walkable ceilings with fully integrated 
HVAC systems

• Specialty advanced integrated LED 
lighting and controls 

• Multiple full panel and window product 
viewing options

• Preinstalled integrated electrical 
raceways and standardized utility 
connections 

• A single-source system supplier and 
service provider responsible for the 
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delivery and quality of the entire 
integrated cleanroom system

How Modularity Can Accelerate Biologics 
Facility Delivery Timelines
Modularity cleanrooms accelerate project 
schedules and lend itself to fundamental 
and superior capital investment benefits 
that traditional methods can’t accommodate. 
This includes a “showroom” interior fit and 
finish that has become the gold standard 
for CDMOs competing for very demanding 
biopharma clients. The industry’s modular 
cleanroom integrators understand critical 
coordination, from process systems to 
infrastructure tie-ins, is required to ensure 
there are no gaps in responsibility that can 
disrupt project timelines or operations later. 

The modular cleanroom systems available 
today are engineered to accommodate 
virtually any commercially viable floor 
plan both horizontally and vertically. This 
approach is more flexible and cost-effective 
and offers higher quality at a competitive 
price. The concept also offers expedited 
validation timelines than traditional stick-
built facilities through the early availability 
of commissioning documentation packages. 

Modular configurable cleanroom systems 
can relieve project managers from the many 
“unpredictabilities” of project execution by 
directly sharing the risk with an experienced 

provider. When executed properly, it’s a well 
proven fact that modular technology can 
shave months off construction timetables 
because it streamlines installation and 
minimises coordination with all other trades 
and contractors on site. 

Although there are many factors to 
consider, the cost of a modular cleanroom 
capital projects is often comparable to 
traditional solutions. But if you consider 
the value proposition of quality, speed, and 
flexibility over a facility’s lifecycle the capital 
project benefits become self-evident. 

All evidence suggests modular innovation 
is winning in the market. According to fact.
MR analysts, the global modular cleanroom 
solutions market is set to experience rapid 
growth at a compound annual growth 
rate of more than 10% from 2020 to 2030. 
Further, they report advancements in 
cleanroom construction and the adoption 
of integrated IoT-based HVAC systems are 
also expanding the demand for modular 
cleanroom systems.5

Modularity’s Ongoing Value and Utility 
Ideal for Biopharma’s Expansion 
It is clear that over the past 15 years or more, 
modular cleanroom facilities have become 
a key enabler in the safe and effective 
manufacture of biologic large-molecule 
drugs, and with each breakthrough, the 

technology is proving how efficient the 
solution can be helping biopharma build 
out processing and manufacturing capacity 
in an economically sustainable way. With 
unprecedented pandemic response, 
COVID vaccine supply was vastly enabled 
within modular cleanroom manufacturing 
environments via the public-private 
partnership national project WarpSpeed 
(OWS). In a global crisis mode, modular 
cleanroom technologies have proven they 
can accelerate project timelines and exceed 
industry compliance standards. 

Modular cleanroom deployment also 
delivers significant capital expense control 
and ongoing operational benefits at a 
competitive cost– the kind biopharma’s 
most innovative developers need to meet 
aggressive market objectives faster.
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