
Resource Efficiency Pays Off
Development and Optimization of Biotechnological Processes

The production of biobased products using biotechnological pro-

cesses offers great potential for resource efficiency. Good practice 

examples show that companies can save considerable amounts of 

natural resources every year, and also have less waste to dispose 

of. This reduces material, energy and waste disposal costs.

The use of biotechnological proces-
ses in material-converting industrial 
goods production helps save resour-
ces thanks to more efficient produc-
tion methods. In addition, the utili-
zation of renewable raw materials 
conserves natural resources. Com-
pared to conventional processes, a 
product made using biotechnologi-
cal processes can be manufactured in 
milder reaction conditions (e.g. lower 
temperatures and pressure) and with 
fewer synthesis and processing steps. 
At the same time, higher space-time-
yields can be achieved. This leads 
to lower volumes of raw materials, 
lowe r energy requirements as well as 
reduced water consumption. Further-
more, it generates fewer by-products 
and toxic substances, which as a rule 
have to undergo resource-intensive 
treatment, processing and possibly 
disposal. This often results in lower 
overall operating and waste disposal 
costs.

In industrial biotechnological pro-
cesses it is primarily renewable raw 
materials that are used. Their use 
in industrial production reduces our 
dependency on finite resources and 
contributes to environmental protec-
tion and the reduction of CO2 emis-
sions, since the CO2 emissions re-
leased during energy consumption at 
the end of the product life cycle are 
partly reused in the formation of re-
newable raw materials, whereas this 
possibility does not exist naturally 
with fossil fuels.

The use of renewable raw mater-
ials creates biobased products, which 
now have a positive image among 
consumers thanks to their positive 
ecological aspects. The performance 
and user-friendliness of such pro-
ducts used to be scrutinized and com-
pared with conventional products. 
The higher price in some cases de-
terred consumers too. However, with 
the growing climate crisis, this skep-

ticism is giving way to a change in 
thinking, and higher prices are in-
creasingly being accepted by con-
sumers. This is also reflected in the 
constantly growing market share of 
biobased products.

Process Development

In order to produce and process bio-
based products new biotechnologi-
cal processes must be developed, or 
exist ing conventional processes must 
be modified and enhanced. This often 
represents a considerable undertak-
ing, requiring innovative ideas and a 
high level of technical and scientific 
expertise in the process development. 
Moreover, the development process 
is marked by economic uncertain-
ties arising owing to the difficulties 
in gauging the feasibility, productiv-
ity and competitiveness of the pro-
cess to be developed, a development 
timeframe that is difficult to predict 
as well as a fluctuating raw materi-
als base.

Mastering this challenge re quires 
solutions such as miniaturization, 
automation and digitalization. It is 
already possible to accelerate bio-
process development today using 
high-throughput technologies in com-
bination with bioinformatics algo-
rithms. Future developments in inno-
vative technologies could contribute 
to overcoming and mastering the 
existing risks and challenges in pro-
cess development. This would ensure 

that the development of biotechno-
logical processes is seen as a lucra-
tive endeavor for companies and that 
more and more companies decide to 
develop and implement such proces-
ses.

When a company embraces the 
technological and economic challen-
ges and converts its production pro-
cess to biotechnological production 
processes, it can benefit from consid-
erable economic and ecological ad-
vantages. Taking the example of vi-
tamin B2 production, the resources 
used (material and energy) de creased 
by up to 60%. The waste generated 
shrank by up to 95% and the CO2 
emissions fell by up to 30%. The an-
nual production cost savings amount 
to up to 40%.

Biocatalysts

In order to put in place a resource-
efficient and economically viable bio-
technological production process, 
the identification of suitable biocata-
lysts (enzymes and microorganisms) 
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In the biotechnological production of ethanol, a separator enables the reuse of 
yeasts. 
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is an important requirement. Suit-
able biocatalysts can be selected with 
the help of innovative screening and 
analysis methods. Efficient biocata-
lysts demonstrate high catalytic ac-
tivity and long-term stability — com-
bined with a low deactivation rate. In 
addition, highly efficient catalysts are 
characterized by high reaction and 
binding selectivity as well as a high 
reaction speed.

Bioprocess Monitoring

Online sensor systems are a central 
element of bioprocess monitoring 
for biotechnological production pro-
cesses. They are instrumental in en-
suring that a bioprocess is resource-
efficient and achieves the production 
target with a minimum of faulty bat-
ches. Biochemical target parameters 
are necessary for optimal bioprocess 
monitoring, although the direct mea-
surement of these is normally not 
possible. Alternatively, data sets of 
other process parameters are gathe-
red using indirect measurement me-
thods and are used to glean relevant 
information about the process status 
with the help of intelligent evaluation 
algorithms.

Trends towards increasingly com-
pact measuring systems (miniaturiza-
tion) as well as the major progress in 
laser technology and detector design 
have widened the field of application 
of these analysis methods consider-
ably. The integration of sensor tech-
nology, often complicated, is made 
 easier by combining it with intelligent 
software. It provides automatic reca-
libration and thus significantly lon-
ger lifetimes. The intelligent sensor 
systems created thereby are able to 
conduct self-monitoring and diagno-
sis, integrated data evaluation with 
logic and control functionalities or in-
teractive networking with other com-
ponents in the process environment.

Conclusion

The use of biotechnological proces-
ses for the industrial production of 
biobased products offers great po-
tential for resource efficiency. Al-
though the development and im-
plementation of biotechnological 

processes carry a certain economic 
risk, in many cases the ecological 
and economic advantages outweigh 
the commercial risks. It is a chal-
lenge worth embracing. The develop-
ment of highly efficient biocatalysts 
and high-performance bioprocess 
monitoring are considered the foun-

dations for successful implementa-
tion.
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Working together to create 
cutting-edge chemistry
We are committed to providing you with full access to our 
unique catalyst technologies, helping to enhance your 
capabilities in high-quality synthesis.

Our leading metathesis and cross-coupling portfolios include 
a comprehensive range of Umicore’s Grubbs catalysts® for 
metathesis reactions, and the latest Buchwald and Hazari 
cross-coupling precatalysts.

Together, let’s co-create more efficient, cost-effective 
and sustainable chemistries.

Let’s co-create to make a difference  l  pmc.umicore.com

Making Knowhow  
Available
On behalf of the Germany Federal 
Ministry for the Environment, the 
VDI Centre for Resource Efficiency 
(VDI ZRE) provides companies 
with free-of-charge instruments 
that aim to support the develop-
ment and optimization of their own 
biotechnological process: The 
process visualization and the re-
source check “Industrial biotech-
nological processes” contain 
further examples and measures 
for increasing resource efficiency 
in production using industrial bio-
technological processes.
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