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Sustainability and Energy Efficiency at a Turning Point

Flow Chemistry: A Groundbreaking Approach for Chemical Production

Flow chemistry was named as
one of the ten technologies that
have the potential to make our
planet more sustainable in 2019
by the IUPAC. But what does
more sustainable actually mean?
And how can flow chemistry con-
tribute to this?

Flow chemistry, and particularly micro-
reaction technology, is a technology
platform that consists of carrying out
chemical reactions in a continuous flow
rather than in traditional batch reactors.
It offers major advantages over con-
ventional methods in various aspects,
such as optimum heat and mass trans-
fer, safety, scalability, selectivity and
productivity. In addition, flow chemis-
try can also contribute to sustainability
and energy efficiency goals by reducing
the environmental impact and carbon
footprint of chemical production.

The need to reduce global CO, emis-
sions has become increasingly import-
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ant in recent years as climate change
has become one of the greatest chal-
lenges of our time. The chemical indus-
try plays a crucial role in the transition
to more sustainable practices. Reduc-
ing the carbon footprint requires inno-
vative approaches to minimize energy
consumption and implementation of
alternative, more sustainable produc-
tion methods.

One of the basic strategies for
reducing CO, emissions is to increase
energy efficiency in chemical pro-
duction plants. This includes the
optimization of processes, the use
of energy-efficient technologies and
implementation of heat recovery
systems to minimize overall energy
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consumption. Compared to conven-
tional batch processes, flow chemis-
try enables more accurate control of
reaction conditions. Continuous mix-
ing and temperature management
minimize unwanted side reactions,
resulting in increased energy effi-
ciency and thus in reduction of CO,
emissions.

In chemical industries, energy costs
for downstream processing amount to
approx. 40-80% of the total costs. Up
to 56% of the material used in active
pharmaceutical ingredient production
are solvents which are responsible for
approximately 50% of greenhouse gas
emissions in active pharmaceutical
ingredient production. Precise control
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of process conditions minimizes the
formation of side products, therefore
reducing the required downstream
effort. In addition, solvent waste is
avoided. These aspects not only sup-
port ecological goals, but also offer
economic advantages through more
efficient use of resources.

Flow chemistry enables fast reac-
tion times as mixing and heat trans-
fer are greatly enhanced. This leads
to increased productivity and enables
the production of chemicals in less
time, which in turn reduces energy
consumption and lowers the CO, foot-
print.

A visible example in the US is Sano-
fi’s continuous manufacturing plant in
Framingham, Massachusetts, which
is producing 80% less carbon dioxide
emissions compared to the company’s
first-generation facility and reduces
water and chemical usage by 91% and
94%, respectively, according to details
released by the company.

»Compared to conventional
batch processes, flow
chemistry enables more
accurate control of reaction
conditions.”

Another, increasingly important
benefit is that flow chemistry can
improve supply chain integration and
optimization by enabling modular,
flexible and distributed production.
It reduces the need for large-scale
facilities, storage sites and transpor-
tation networks, which lowers cap-
ital and operating costs as well as
environmental impact. It also facili-
tates the adaptation of production to



demand and resource availability by
using smart sensors, data analytics
and digital platforms. Shorter reac-
tion times compared to traditional

“Flow chemistry enables
fast reaction times as
mixing and heat transfer
are greatly enhanced.”

batch processes help to reduce overall
production time, which in turn short-
ens delivery times. Accelerating pro-
duction cycles increases flexibility in
the supply chain and allows compa-
nies to respond more quickly to mar-
ket changes. If a production process
needs to be adjusted due to increas-
ing demand or changing market con-
ditions, the technology enables a faster
and more flexible changeover. This in
turn helps to minimize bottlenecks in
the supply chain and ensure a more
efficient use of resources.

Here too, the precise control of
reaction conditions in flow chemistry
systems ensures more efficient use of
raw materials. Lower material usage
and fewer waste products often also
mean lower costs in the supply chain.
Continuous production reduces the
need for high stock levels. Storage
costs are minimized while ensuring
that products are fresh and available
on demand. Companies integrating this
technology can better adapt to dynamic
market requirements and at the same
time fulfill their ecological responsi-
bility. This promotes customized solu-
tions and supports the supply chain
in responding flexibly to the diverse
needs of customers. The evolution of
supply chains in the chemical industry
is in full swing, and flow chemistry is
playing a key role in this transforma-
tion process.

Summarizing all the advantages of flow

chemistry or microreaction technology

at a glance:

m Efficient use of resources

m Lower energy consumption

m Reduction of waste quantities

m Time and space savings

m Increased safety by avoiding hazard-
ous reaction conditions

m More flexibility and simplified scal-
ability

Ehrfeld Mikrotechnik has the perfect,
industrially applied example in China
with a production throuput of 30 kt/y.
As just summarized, this example per-
fectly illustrates all the advantages of
flow chemistry and microreaction tech-
nology.

Due to the use of our flow reactor
technology, the yield was increased by
41% from 70% to 99%, leading to nearly
no waste quantities in comparison to
the former batch process. Addition-
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ally, no further energy intensive down-
stream process is needed. The obtained
product solution is directly used in the
following process step without any
purification step. This efficient use of

“The evolution of supply
chains in the chemical
industry is in full swing,
and flow chemistry is play-
ing a key role in this trans-
formation process.”

resources is essential for sustainable
development, ensuring to meet pres-
ent needs. Furthermore, the use of the
continuous process eliminates the need
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for heating and cooling phases of the
batches. A cooling machine provides the
necessary cooling capacity and there-
fore no further steam (former amount
of 8000 t/y) as heating/cooling media
is needed. Electricity as utility media
is used exclusively. The overall power
consumption was reduced by a factor of
nearly 80 to 3.6 kWh/t. The safety risk of
the used highly hazardous chemicals is
reduced by a factor of 1,000 in terms of
reactor volume of only 150 L and a fac-
tor of 130 in terms of footprint (only 75
m? production area is necessary) pro-
viding a production capacity of 30 kt/y.

Looking ahead: Continuous research
and innovation in flow chemistry play a
key role in advancing sustainable prac-
tices. New materials, advanced control
technologies and improved reactor
designs can increase efficiency while
minimizing environmental impact. This
is exactly where Ehrfeld Mikrotechnik
comes in. It is not only the continuous
further development of our high-per-
formance reactors, but above all the
overall package of comprehensive ser-
vice and equipment that makes the big
difference. We support our customers
worldwide with a holistic solution con-
cept from the laboratory to the produc-
tion of several cubic meters per hour
in continuous flow.

References to this article can be requested
from the authors.
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