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Global access to medication is a 
crucial driver in the 
pharmaceutical industry (1). 
Thus, drug manufacturers are 

encouraged to lower their production 
costs while increasing productivity to 
bring affordable drugs to market 
quickly.

Process intensification is a natural 
solution for improving facility output. So 
far, upstream processes have been the 
main focus of intensification efforts. 
Combined with high-performing cell 
lines, those strategies have created 
higher titers. However, manufacturers 
now face bottlenecks in their 
downstream processes, which must 
evolve to handle the improvements. 

Downstream process intensification 
is an ideal solution for solving such 
issues. Process intensification can 
increase yield, decrease process 
timelines, reduce cost of goods (CoG), 
reduce footprint, and increase 
flexibility without making significant 
changes to process parameters. The 
relative importance of these drivers will 
inform the selection of an 
intensification approach. As the 
workhorse of downstream 
bioprocesses, chromatography is the 
focus of most intensification strategies.

Strategic Considerations for 
Process Intensification 
For established modalities, such as 
monoclonal antibodies (MAbs), drug 
developers must try to supply a global 
demand while keeping up with 
competition from biosimilars. 
Therefore, being fast and responsive is 
critical. Downstream intensification 

strategies should prioritize flexibility 
and accelerate time to clinic.

For newer modalities, drug 
developers need to produce enough 
active pharmaceutical ingredient (API) 
when purity and yield are still 
challenged by relatively novel 
purification processes and an 
increasing demand for higher quality 
by regulatory authorities. But new 
modalities and platforms can create 
fresh opportunities for improving 
innovation and efficiency. Without 
access to existing platform processes, 
manufacturers of newer modalities 
might be more amenable to using 
innovative technologies to address 
their needs.

Finally, the increasing spotlight on 
sustainability in the biopharmaceutical 
industry (2) is particularly applicable to 
chromatography, the most water-
intensive operation in an entire 
bioprocess (3). Process intensification 
strategies can address the 
environmental impact of a process with 
the goal of producing more product 
with the same or smaller facility 
footprint and less capital equipment. A 
smaller facility offers significant 
sustainability benefits due to reduced 
energy consumption (e.g., heating, 
ventilation, and air conditioning, 
HVAC). For all the above scenarios, a 
re-imagination of current 
chromatography approaches is 
essential.

Re-Imagining Chromatography 
Eases Facility Bottlenecks
Increased Productivity with Minimal 
Process Changes: Process intensification 

often does not require significant 
changes to process parameters, 
workflow, or facility operations; a 
process can be largely unchanged but 
have increased productivity. 
Accumulated process understanding 
still is valid, and limited optimizations 
are required. For example, switching 
from multiuse systems to single-use 
consumables can increase 
reproducibility, accelerate timelines, 
and improve flexibility. 

Relieve Supply-Chain Tensions: 
Improved efficiency offered by process 
intensification can help limit required 
consumables, creating a lean process 
with reduced operational expenditure 
and limited CoG. One example is to 
switch from resin to membrane 
chromatography in rapid cycling mode. 
Chromatography membranes such as 
the Sartobind Rapid A membrane 
improve consumable use, eliminating 
the task of ordering and storing 
significant volumes of expensive 
resins. This is extremely important for a 
contract development and 
manufacturing organization (CDMO) 
that stores different types of resins and 
columns for multiple customers. 

Process Intensification Approaches 
Are Flexible: It is important to remember 
that there is no single route to process 
intensification. The pathway chosen 
depends on a facility’s constraints, 
pipeline, strategies, and company 
goals. More and more options are 
available to couple upstream 
intensification with downstream 
intensification, helping manufacturers 
re-imagine their chromatography 
workflow. For example, switching from 
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multiuse batch to single-use 
multicolumn chromatography with the 
Resolute BioSMB system binds more 
product with more efficient resin use, 
shortening process times and reducing 
costs. Alternatively, if multiuse 
technologies are desired, the Resolute 
BioSC platform enables the 
performance of four steps on a single 
system, supporting a productive, 
continuous process.

Automation: Implementation of 
process intensification goes hand in 
hand with automation. A facility with 
intensified operations can operate with 
fewer personnel. Integrating process 
analytical technologies (PATs) can 
unlock novel, at-line data, contribute to 
more robust processes, and remediate 
traditional QC bottlenecks between 
unit operations (5).

Overcoming the Fear of the Unknown: 
Making changes to an already 
satisfactory process or adopting new 
technologies might be interpreted as 
inviting unnecessary risk. Often, capital 
expenditure in a manufacturing suite is 
already done (chromatography systems 
have been set up and large columns 
purchased), and intensification might 
require additional equipment and 
training. However, increased 
competition between technology 
suppliers has generated diverse 
solutions to solve downstream process 
intensification challenges, so it is 
possible to find a strategy to maximize 
productivity even with significant 
facility constraints.

Ultimately, making such changes is 
critical to remaining competitive and 
reducing costs, especially with the 
upcoming cost pressure on drug prices 
and increased competition from 
biosimilars. The implementation of 
downstream process intensification 
requires a culture change and 
willingness to re-imagine 
chromatography operations, whether 
that involves small steps and 
modifications to existing processes or 
building a new, intensified process.

Where Do I Start?
Normally, a stepwise approach is taken 
to minimize disruptions, digest these 
innovations, and build a technology 
experience. 

Identify Your Main Bottlenecks: A 
good starting point is identifying the 
major constraints in the process and 
manufacturing suites. If supply chain 
tension, stock challenges, and high 
CoGs are major roadblocks, it is 
advisable to focus more on 
consumables and single-batch options. 
Alternatively, if reducing the time to 
clinic is a key driver, the main 
opportunities will be to reduce 
downstream process times, ideally by 
choosing connected or continuous 
options. If perfusion systems are in 
place to adapt to product demand 
during clinical phases, coupling 
upstream process steps to the first 
downstream process steps (clarification 
and capture) can reduce process 
timelines significantly.

Take It Step-By-Step: Fortunately, 
process intensification does not 
necessitate an  “all or nothing” 
approach. Ideally, manufacturers 
should consider the short-, mid-, and 
long-term process improvements they 
want to make. Some equipment 
facilitates an incremental 
implementation of process 
intensification strategies. For instance, 
the Resolute BioSC system can be 
operated in batch or multicolumn mode 
and offers a large range of flow-path 
configurations to design a tailored 
multistep system.

An incremental approach allows you 
to build the necessary expertise and 
grow confidence within the operational 
and quality teams (by carrying out 
engineering runs, determining the 
scale-up strategy, performing process 
validation, and defining the batch). 
Starting by improving the batch 
sequence through working with new 
consumables like novel 

Figure 1: Sartorius defines levels of process intensification from Level 0 to Level 3 (4).

L0 ― Standard 
Batch

L1 ― Intensified, 
Standalone Unit 
Operation

L2 ― Connected 
Process

L3 ― Continuous 
Process

Standalone unit operation

Increases the individual step productivity (by, e.g., rapid cycling, multiple columns, 
in-line bu­er generation, operating at higher binding capacity, switching to single-use)

At least two (standard or intensified) unit operations running simultaneously, including 
pool tank with varying fill levels; software orchestration is beneficial; also called a 
clustered or linked process. 

Fully integrated with steady-state flow, small intermediate tanks, software orchestration,
long run times, and closed processing; also called a semi-continuous or 
pseudo-continuous process. 

There is no single route to 
process intensification. 
More and more 
OPTIONS are 
available to couple 
upstream intensification 
with downstream 
intensification.
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chromatography membrane formats 
(such as Sartobind Rapid A in rapid 
cycling conditions to optimize the use 
of your consumables) will initiate your 
journey to the single-batch strategy 
from early phase trials to commercial 
production (Figure 1, Level 1). 

Consider Single-Use: Process 
intensification and single-use systems 
often work harmoniously to create a 
next-generation facility. Switching from 
multiuse to single-use technologies 
might enhance flexibility and 
accelerate the setup of a new facility, 
which to some extent can be 
considered the first step toward 
process intensification. 

Connecting the Parts 
The next step is to consider parallel 
batch and connected process options. 
One example is to couple an upstream 
process with clarification, clarification 
with chromatography (capture), capture 
with virus-removal steps, or all 
chromatography steps with 

ultrafiltration/diafiltration steps (Figure 
1, Level 2).  

Modular equipment can ease the 
transition toward faster and more 
continuous production. The ultimate 
goal is to have a continuous process 
from upstream to fill–finish in which 
biomolecules are not handled during a 
process, improving safety and quality 
(Figure 1, Level 3). However, a fully 
continuous process is not a suitable 
objective for every product; the end 
goal is driven primarily by the features 
of a biomolecule and commercial 
demands for it.

Embracing New Technologies
There is no universal solution for 
intensifying downstream bioprocesses. 
However, many technologies and 
implementation strategies are 
adaptable to essentially all process 
and business needs. The decision 
about which to use typically is driven 
by the type of molecules 
manufactured, their foreseen 

commercial scale and market 
demands, and the time a drug is 
envisioned to reach the market and its 
potential growth. 

Manufacturers should embrace new 
technologies and innovations in 
chromatography and engage the help 
of a trusted partner to overcome fears 
of change and mitigate risks. 

Are you ready to re-imagine your 
chromatography process? Learn more 
at https://www.sartorius.com/en/
products/process-chromatography.
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Intensified Chromatography Advice Column
My product is early in its life cycle. Are there specific intensification strategies I 
should implement now? Ideally, scale-down models should be used as soon as possible in 
process development. Some intensification options are less dependent on the molecules you 
are developing; for example, continuous harvest, in-line dilution/conditioning, and sterile 
filtration. Other steps including chromatography capture and intermediate polishing are more 
challenging because titers, impurity levels, and biomolecular stability can significantly influence 
the suitability of an intensification strategy. 

Production bottlenecks primarily come from the beginning of a downstream process as soon as 
we try to increase its scale and volume. Therefore, process development equipment and 
scaled-down consumables can be used to study the impact of intensification strategies on 
critical quality attributes (CQAs) at the capture step. 

Exploring membrane-based chromatography in rapid cycling mode with the Sartobind Rapid A 
system could increase productivity by supporting higher flow rates and eliminating column-
handling activities while simplifying future scale-up activities. 

My facility has a limited footprint. What options do I have to intensify? In such 
circumstances, your goal is to produce the same or higher titer in less space. That means 
incorporating compact equipment, ready-to-use devices, and multistep systems where 
possible. The Resolute BioSMB and BioSC platforms are perfect examples of systems that can 
reduce downstream footprints. One system can manage several process steps, and working in 
a connected or continuous mode can avoid the need for many tanks in a manufacturing suite. 
Ready-to-use or plug-and-play devices are also powerful when a footprint is limited. For 
example, membrane chromatography or convective materials provide high productivity (in 
grams per liter per hour) and reduce the consumables footprint considerably. 

When space is limited, a potential solution is transitioning to single-use technologies. Single-
use equipment generally requires less operational space (because system cleaning is not 
required, minimizing floor space needed for extra buffer). However, some stainless-steel 
solutions – such as the Resolute BioSC platform – also can help reduce a footprint because 
multiple steps can be operated on a single platform. Alternatively, if a fully single-use solution is 
desired, the Resolute BioSMB system is a valuable option to reduce footprint and resin use. 
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