
STRATEGIES FOR CREATING 
FLEXIBILITY IN NEW AND LEGACY 
BIOMANUFACTURING FACILITIES
The burgeoning biopharmaceutical industry has 
seen tremendous expansion with more complex 
drugs, the growth of the orphan drug market, and the 
emergence of personalized medicine. In recent years, 
pharmaceutical companies have explored improvements 
in manufacturing to keep up with the demand and the 
higher complexity of the products. This competitive 
landscape requires innovative adaptations to the one 
product-one facility model in order to capture market 
demand and adapt to multiple products. So emerging 
technologies are being incorporated into new facilities as 
well as aging/legacy facilities that are being redesigned. 
Several of these technologies are transformative - 
continuous manufacturing, process analytical technology, 
and single-use systems. [1] These and other technologies 
are maximizing capacity and efficiency and also driving 
down costs.

Single-Use Technology and Modular Construction

Transitioning away from stainless steel to disposables 
has been an important industry trend. According 
to a 2015 report by BioPlan Associates, 90% of 
biomanufacturing facilities are using single use/
disposable technologies to some degree and 69% 
of manufacturers and suppliers report performance 
improvements over the previous 12 month period due 
to the use of disposables. Disposable systems come 
pre-sterilized, which provides the benefit of a significant 
reduction in switchover and setup times with the 
elimination of cleaning and sterilization steps. This 
results in flexibility for manufacturers to quickly change 
their product lines to adapt to market needs. [1] [2]
Leading pharmaceutical manufacturers are considering 
the business case for the variety of options that are 
now available at almost every step of the production 
process. Single-use technologies help to reduce both 
fixed and consumable capital expenditures and increase 
operational efficiencies. [2] The reduction in overall 
operating costs stems from reduced maintenance, 
sterilization, clean steam, chemicals, and energy demand. 

[1] Smaller runs are particularly amenable to single-use 
technology, as most disposable systems can produce 
2,000 liters at maximum production, considerably less 
than the 10,000-25,000 liter production scale of many 
pharmaceuticals. [1]

Another critical aspect important in newly designed or 
re-designed facilities is that disposable products are 
inherently more modular and flexible. This provides 
cost-savings options for manufacturing many different 
products in small volume using the same floor space that 
would have been used for a single product in a traditional 
model. There is also enhanced protection against cross-
contamination, making it more rapid and efficient to 
switch between multiple products.

As a result of all these enhancements, Sartorius Stedim 
Biotech reported in 2015 that customers who used 
single-use technologies for 10 years saw a 20-30% 
reduction in operating costs, a 40-50% reduction in 
capital costs, and a 30% reduction in time-to-build as 
compared to traditional stainless steel technology.[3]
It’s important to consider that there are challenges 
and trade-offs when selecting between single-use and 
stainless technology, and many companies opt for 
a hybrid approach, combining the two technologies. 
One challenge is the significantly elevated regulatory 
scrutiny over the use of disposable technology for final 
formulation and filling processes. It takes much longer 
to qualify modifications to disposable equipment and 
to assess extractables data from disposable equipment 
as compared to reusable equipment, and in general, 
manufacturers must incorporate rigorous change 
management procedures when disposables are being 
used. Additionally, there is a need to demonstrate 
extractables/ leachables performance with disposables 
when a switch from reusable equipment is made. [2] 



Continuous Manufacturing

Another highly cost effective transition that’s being made 
is the switch from batch to continuous manufacturing 
for small molecule and biologic drugs. This involves 
continuous feeding of raw materials into a process train, 
with continuous removal of finished product at the other 
end. [1]
Manufacturers have been slow to implement continuous 
processing as a whole, but several industry leaders have 
implemented in part, such as Genzyme and Bayer who 
use continuous perfusion technology for biologics in the 
initial phase of upstream processing (fermentation). [1]  
A 2014 Genzyme patent covers technology that bridges 
the gap between upstream and downstream continuous 
bioprocessing. [4] Pfizer is streamlining a common 
bottleneck with a continuous tablet coating approach on 
some of their products. In another application, Pfizer uses 
continuous crystallization technology to produce more 
consistent physical properties in active pharmaceutical 
ingredients. [5]

In the long run, continuous manufacturing saves money, 
time and space, with impressive advantages over batch 
processing. [6] Footprints are estimated to be 40-90 
percent smaller, resulting in 20-76 percent lower capital 
expenditures as compared to batch systems. Other 
advantages include increased capacity for production, 
less maintenance and lower energy use. For small 
molecule drugs, there is a decreased production time. 
For biologics, quality may be enhanced with consistent 
input of media nutrients and fewer lags that reduce cell 
viability. [1]

Another benefit of continuous over batch processing 
is that less time is required for scale-up from clinical 
to commercial scale production, largely due to smaller 
vessels, requiring fewer, less complex set-up cycles. The 
result may be a faster time to market. [1]

There are some challenges that companies face in 
implementing continuous manufacturing. If a low volume 
product is being manufactured, the loss from starting up, 
reaching steady state, changing over and shutting down 
can have a significant impact on cost. Also, there is a 
challenge in defining a batch for the purposes of quality 
control during continuous manufacturing. [1]
The lag in implementing continuous manufacturing 
in legacy facilities is due in part to the initial entry 
cost and the complexity and time investment required 
to transition. Aging facilities also have the hurdle of 
obtaining FDA approval, although the FDA CDER Director 
Janet Woodcock encourages pharma manufacturers to 

consider the switch. [6] New facilities will face less of a 
hurdle if they implement continuous processing during 
startup.

New Process Analytical Technology

Process analytical technology (PAT) has been 
incorporated by pharmaceutical companies since the 
late 2000’s for various aspects of the manufacturing 
process, however, for end-to-end manufacturing, PAT 
is still in a growth stage.  [1] PAT involves real-time 
or rapid measurements for continuous analysis and 
control of manufacturing processes to track quality 
and performance. Through PAT, measurements of 
performance and quality of starting and in-process 
materials as well as processes are made. This critical 
information is acquired by manufacturers through 
equipment that measures chemical, biological and 
physical attributes, databases of experiments carried 
out over time, multivariate programs that compare 
performance and quality attributes as well as univariate 
factors. PAT equipment makes measurements at-line, on-
line or in-line. [1]

PAT enhances quality, safety, and efficiency in both batch 
and continuous processes manufacturing, reducing 
errors and allowing for faster cycle times by preventing 
the need to scrap or reprocess product. The utilization of 
PAT also reduces overall costs through more efficient use 
of manufacturing capacity and equipment, and the ability 
to adapt to variability in raw materials. The continuous 
process manufacturing formula invariably necessitates 
the use of PAT, as the process is continual and does not 
fit into the traditional quality control mode used in batch 
processing. [1]
Near-infrared (near-IR) spectroscopy is the PAT 
technology that has made the biggest impact in 
biomanufacturing, as it is used by all the large drug 
companies. The ultimate vision for PAT is to not only 
track the manufacturing process at each stage, but to 
provide feedback of critical information for real-time 
decision-making and adjustment of the manufacturing 
process. [7] 
Successful outcomes with PAT have been achieved 
by Vertex, who has developed a continuous tableting 
system that uses 10 PAT components, including near-
IR spectroscopy, Raman spectroscopy, measurements 
of tablet weight and hardness and light scattering for 
particle sizing. [7] The PAT components monitor and 
check the quality of every step, from the blending of the 
drug with excipients through granulation, drying, tableting, 
and coating of the final product. Their system meets the 
definition of real-time testing, as quality control is carried 



out before manufacturing is complete. Their up-stream 
QC is much more efficient then end product testing, as 
nonconforming material is removed immediately after it 
is detected. 
Novartis has also successfully implemented PAT and 
statistical techniques to evaluate variables which 
affect antibody yields, defining a reference trajectory 
for variables which optimize antibody yield, and then 
adapting their system to meet these criteria. [8]

Multivariate Methods and Predictive Modelling in 
Biomanufacturing

Predictive modelling through multivariate analysis has 
the potential to unveil hidden process characteristics 
and provide new insights into production performance, 
including the root causes of bottlenecks. The most 
common methods used in pharmaceutical manufacturing 
are chemometrics analysis for spectroscopy, which 
support PAT. Manufacturers are using chemometrics 
methods for in-line/at-line determination of assay and 
content uniformity, identification of raw materials and 
finished products, and in-process blending analysis. [9]
As a product progresses from early to late stage 
development, titers can increase 50% or more, and 
sometimes this process can also involve transfer 
to legacy facilities. A useful data mining tool using 
multivariate analysis was developed for rapidly predicting 
whether increased titers would be a good fit for legacy 
manufacturing facilities originally designed for lower 
titers, and for predicting whether bottlenecks will occur. 
[10] The researchers first ran a simulation called a Monte 
Carlo simulation in order to test the performance of their 
model, which was used to evaluate batch fluctuations 
in step yields, cell culture titers, and chromatography 
eluate volumes. They next used a classification method, 
CART (classification and regression tree) to examine the 
impact of these process fluctuations on product loss 
and to discover the root causes of bottlenecks. They 
examined three possible causes: using higher capacity 
chromatography resins, changes to equipment sizes, 
and elution buffer optimization. The effects of each were 
successfully evaluated for their impact on cost, output 
and space requirements. These techniques can also be 
used for evaluating a variety of bottlenecks including 
facility run rate and batch processing time. 
In another case study using multivariate methods, 
Genentech’s Vacaville manufacturing facility evaluated 
134 process parameters involved in their cell culture 
production bioreactors and inoculum train of 243 
runs. They evaluated parameters which predicted the 
final antibody and lactate concentrations using two 
multivariate methods- partial least square regression 

(PLSR) and kernel-based support vector regression 
(SVR). What they found from this analysis was that 
lactate consumption was an important factor in their 
production-scale cultures. They uncovered some avenues 
to intervene in the metabolic process, steering it towards 
higher productivity. [11]

Conclusions

The drug industry is slowly evolving to incorporate 
these emerging technologies and systems that will 
transform them. There is a historical reluctance to 
incorporate change and new technologies, as it is 
difficult to overcome the hurdles in shutting down and 
other roadblocks involved in updating the manufacturing 
process. However, there is a definite trend toward 
adapting legacy facilities and new facilities to capitalize 
on these cost-saving technologies. With the transition 
to continuous manufacturing, there is a greater need 
for single-use and PAT technologies, compounding the 
overall benefit. Ultimately, as a result of these changes, 
companies will see a reduction in manufacturing costs, 
increased capacity and efficiency in their facilities.
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