
The properties of flow reactors also 
allow us to use alternative technologies 
that are not well suited for batch 
reactors such as photochemistry or 
electrochemistry. These areas open the 
way to more sustainable processes, 
higher productivity, better selectivities 
and access to alternative, more scalable 
chemical reactions.

Sustainability is a key metric that needs 
to be taken into consideration during 
early development right up to commercial 
manufacturing.

Continuous processing can often be 
performed under higher concentration 
and milder temperature conditions 
allowing a decreased energy 
consumption and decreased PMI 
(process mass intensity).

How continuous can - Accelerate time 
to market, Ensure high and constant 
quality, Provide agility and flexibility to 
align on market demand? 
PAT development and implementation 
on continuous processes has 
allowed to increase the efficiency 
of process development and better 
monitor the manufacturing steps. The 
implementation of in line monitoring 
(PAT) in production allows to identify any 
process variation as soon as it occurs 
and might trigger a decision to divert 
part of the production stream until the 
process is back on track allowing to 
restrict the loss to the minimum while 
in batch any deviation might lead to the 
complete loss of material.

The availability of commercial reactors, 
fully characterized at multiple scales, 
from development to pilot and production, 
will lead to a better controlled and 
predictable scale-up improving the time 
to production. 

In addition, with the difficulties 
encountered in the supply chain during 
the Covid-19 crisis, and the necessity to 
answer the patient’s needs, a reshoring of 
key starting material and productions in 
general has also triggered an increased 
interest in flow processing.
We have recently invested in a cGMP pilot 
flow reactor on our Chasse-sur-Rhône 
site. This investment was selected by 
the French government to be supported 
by “France Relance”. It will be fully 
operational at the beginning of 2023.

When to go with flow? The expected benefits of implementing flow processes

For what type of transformations do you consider flow most useful? 
We have considered continuous flow technology as an alternative where 
batch reactors have certain limitations. Due to the increased heat and mass 
transfer characteristics of flow reactors, reactions with fast kinetics can 
be performed under less extreme temperature conditions. In addition, high 
temperature, high pressure, biphasic media or photochemical processes, 
that could be difficult to implement on a larger scale with conventional 
reactors, have been studied in our laboratories for the synthesis of APIs. 
The use of alternative reactor geometries has enabled us to develop a 
selective process whilst increasing the productivity.

Are you exploiting commercial flow reactors or home-built systems? 
Research and development is usually carried out using commercially 
available reactors/systems. The interest is the better controlled linearity 
obtained with some reactors. For example, some studies have been 
conducted on low-flow Corning® reactors, allowing an easier transfer of the 
process to a pilot scale through the involvement of a G1 model. 
Our team is also working on customized reactors for specific reactions.

How important is collaboration for your organisation in view of knowledge 
transfer and expanding skillsets in flow chemistry?  
The different opportunities represented by collaborations with external 
organizations such as universities are extremely important, allowing the evolution 
of existing processes using new methodologies, new reagents / catalysts.
In addition, this last decade has brought academic research even closer to 
industries by responding to specific challenges, and with a better understanding 
of expectations in terms of productivity, cost, ecological constraints.

What are the main barriers for a wider adoption of flow chemistry in some 
sectors (e.g., pharmaceutical industry)?
Continuous flow technology in itself is not new and has been used extensively 
in petrochemical and fine chemical industries for decades. 
The pharmaceutical sector has been slower in implementing this approach, due in 
part to the fact that this market relies on fairly low volumes of complex molecules 
compared to the fine chemical industry and to the initial wariness of a potential 
impact on the strict regulatory requirements associated to drugs manufacture. 

Continuous processing has  been used for many years in the pharmaceutical 
industry, for example continuous chromatography (Simulated Moving Bed), 
demonstrating the robustness of the technology at manufacturing scale.

As most manufacturing in the pharmaceutical sector traditionally takes place 
in batch reactors, the implementation of flow chemistry may require significant 
investments; the industry has needed to demonstrate the benefits that continuous 
processing can bring in terms of quality, productivity and sustainability. 

In which markets will flow processing have the greatest impact? What do you 
think will be the next big breakthrough for the flow chemistry community? 
Because of the more efficient physical properties of flow reactors, continuous 
processing has been used to better control the formation of short-lived 
intermediates, perform hazardous reactions under safer conditions, or 
reach high temperature/pressures not achievable under batch conditions 
given access to a wider “process window”.
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