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I 
n 1869 the Swiss biochemist Friedrich Miescher chose 
a pretty unappetizing method to obtain new findings: 

In the hospital of Tübingen, he gathered used dressings 
and rinsed out the white blood cells that were contained 
in the pus. He suspected that the substance in the cell 
nuclei plays a key role in biology. However, he couldn’t 
have imagined that his discovery, which he called “nuk-
lein” (nucleic acid), was the genetic material. 

People repeatedly underestimated the impact that 
the progress of biotechnology would have. It took an-
other 84 years until James Watson and Francis Crick 
discovered DNA’s double helix structure. However, un-
til the 1980s scientists thought it would be impossible to 
fully decode the human genome. Even after the Human 
Genome Project completed this mammoth task in 2003, 
most researchers thought that editing DNA in a targeted 
manner would never be possible. They were wrong 

Biotechnology is one of the key sciences of the 21st 
century. It is enabling investments in innumerable areas, 
making production more efficient, and helping to con-
serve resources. Last but not least, it is opening up huge 
economic opportunities

TEXT DENIS DILBA

BIOTECH BOOM

→

The Dutch naturalist 
Antonie van 
Leeuwenhoek is one 
of the first people  
to observe bacteria, 
which he sees  
with a self-construct-
ed microscope

1683

The French scientist Louis Pasteur discovers that fermenta-
tion is caused by the activity of microorganisms. He also 
realizes that such microorganisms can be used to produce 
lactic acid, acetic acid, and alcohol

1857

The biochemist Friedrich 
Miescher from Basel discovers a 
substance in the nuclei of white 

blood cells that would later  
be called DNA. His work lays the 

foundation for modern biology

1869
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Evonik entered the field of white biotechnology all the 
way back in 1983, when experts at the company began 
to use biotechnology to produce the amino acid lysine, 
which is mainly used in animal feed. This production 
technique uses a microbiologically optimized strain of 
bacteria. When it is fed sugar, it produces the form of 
the amino acid that animals’ metabolism can use (see 
the article on page 25). Such processes, in which micro-
organisms produce huge amounts of a desired function-
al molecule, are referred to as fermentation. The envi-
ronmental benefit of these processes is that they use 
renewable raw materials and the products are generally 
biodegradable. As a result, the carbon that is required as 
a source of energy is recycled, and no fossil carbon is 
released into the atmosphere. This also makes biotech-
nology a key technology for a circular economy.

again: Emmanuelle Charpentier and Jennifer Doudna 
presented the genome editing tool CRISPR-Cas9 in 
2012, which enabled the genome to be changed with 
great precision. 

“Throughout the history of biotechnology, every 
time a hurdle has been successfully taken, people 
thought the next one would be insurmountable, even 
though it was overcome just a little while later,” says 
Professor Stefan Buchholz, head of Research at  Evonik’s 
Nutrition & Care division. 

Buchholz thinks that we have plenty of additional 
surprises in store. “Over the past decade, new 
high-throughput genome sequencing techniques have 
dramatically improved the costs and performance of 
DNA analysis,” he adds. The pace of development is 
even outstripping that of Moore’s Law, which states 
that the number of transistors on a computer chip dou-
bles approximately every 18 to 24 months, thus cutting 
the costs of computing in half (see the illustration on 
page 16). Although it still cost several hundred million 
dollars to sequence the human genome around 20 years 
ago, the price has now dropped to just over US$100. 

“The incredible dynamism of genetic research, com-
bined with advances in automation, high-resolution 
imaging, artificial intelligence, and big data, is produc-
ing more and more innovations at an ever faster pace. 
As a result, biotechnology is increasingly moving into 
the business spotlight,” says Buchholz.

A NEW INDUSTRIAL REVOLUTION
According to Matthias Evers, a biotech expert and se-
nior partner at McKinsey, the importance of biotech-
nology cannot be overestimated. “It is a key technology 
of the 21st century and, like digitalization, might trig-
ger a new industrial revolution,” he says. In the report 
titled “The Bio Revolution,” which Evers co-authored 
in 2020, the McKinsey business consulting firm fore-
cast that biological technologies could generate up to 

The British biochemist 
Frederick Sanger develops 
DNA sequencing in order 

to determine the sequence 
of bases in a strand of 

DNA. In recognition of 
this achievement, he 

receives his second Nobel 
Prize in Chemistry

“Biotechnology is  
increasingly moving 
into the business 
spotlight” 
STEFAN BUCHHOLZ, HEAD OF RESEARCH  
AT THE NUTRITION & CARE DIVISION

washing performance at a much lower rate of energy 
consumption. As a result, laundry that used to be 
washed at 90 degrees Celsius can now be done at 30 de-
grees. Added to that are many pioneering innovations 
in the fields of nutrition, climate and environmental 
protection, and the production of sustainable materials. 
However, biotechnology does more than just enable the 
efficient production of active ingredients for food, ani-
mal feed, skin-compatible cosmetics, and environ-
mentally friendly detergents and bioplastic. It also 
paves the way for making cultured meat, using bacteria 
in the mining industry, and refining bioethanol from 
sugar-rich plants. 

A color code has been established to differentiate 
the various areas of application. As a result, we now 
have red, green, and white biotechnology. Red bio-
technology deals with medical applications, while 
green biotechnology involves plants, and white bio-
technology relates to environmentally friendly, re-
source-conserving industrial production processes. →

Alexander Fleming, a 
Scottish physician and 
bacteriologist, discovers 
penicillin. This antibiotic is 
produced from molds

US$4 trillion of global added value annually by 2040 
(see the article “Data Mining” on page 15). This enor-
mous value added will be created by numerous pro-
cesses, products, and methods that are currently still 
under development. Moreover, it will not be limited to 
the direct use of advanced genetic techniques. 

Most recently, the successful development of vac-
cines against COVID-19 provided us with an inkling of 
the scientific and economic possibilities. Thanks to re-
cent biotechnological innovations, the surfactants that 
have been used in detergents for decades have greatly 
improved in quality, enabling them to achieve the same 

The chemist Chaim Weizmann, 
who would later become  
the first president of Israel, uses 
fermentation processes to make 
acetone and butanol

1915/16

1928

The decoding of the double helix structure of DNA by the 
zoologist James Watson (left) and the physicist Francis Crick 
marks the birth of molecular biology. The two scientists draw  
on the research results of Maurice Wilkins and his colleague 
Rosalind Franklin. Their work paves the way for gene-based 
biotechnology. In 1962 Watson and Crick receive the Nobel 
Prize in Physiology or Medicine

1953

1977
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GETTING A BETTER UNDERSTANDING  
OF BIOTECHNOLOGY
Evonik now uses biotechnology in the form of fer-
mentative and biocatalytic production processes in 
order to make essential amino acids, probiotics, di-
etary supplements, and pharmaceutical active ingre-
dients. “Our activities focus on human life,” says Jo-
hann-Caspar Gammelin, head of the Nutrition & Care 
division. “Biotechnology is ideal for the production of 
complex molecules that can be used on people, in 
people, or for people.”

The experts at Evonik are also using the biotechnol-
ogy platform to develop sustainable system solutions 
for cosmetics, cleaning agents, healthcare, and animal 
feed. Innovation is occurring particularly at the inter-
faces between biology, medicine, chemistry, and engi-
neering. The Nutrition & Care division is now generat-
ing around 20 percent of its sales with products and 
services based on biotechnology, and this percentage is 
set to increase further. 

As our understanding of biotechnology grows, more 
and more applications will be developed. For example, 
researchers at Evonik have developed an epigenetic 
analysis technique for chickens that, among other 
things, reveals their state of health (see the article on 
page 38). This could potentially be transferred to other 

livestock and provide farms with better data, thus sup-
porting more sustainable meat production. Another 
promising new field is that of “yellow” biotechnology, 
which uses insects (see the article on page 54).

“We think that insect-based animal feed has great 
potential,” says Buchholz. As part of the InFeed re-
search project, Buchholz’s colleagues are working on 
optimizing the nutrient composition of this especially 
protein-rich feed. The prospects that it will create a lu-
crative new area of business are very good, because the 
global market for insect protein is forecast to grow sub-
stantially over the next decade. 

A SERVICE PROVIDER FOR THE BIOTECH INDUSTRY
The latest mRNA technology breakthrough in medicine 
also promises to generate strong growth. That’s because 
the manufacturers of the active ingredients need spe-
cial technologies so that their compounds can be trans-
ported unharmed to the right places in the human body. 
To securely transport mRNA-based active ingredients, 
in which a ribonucleic acid trans-

The US biochemist Kary B. 
Mullis develops the polymerase 
chain reaction, or PCR for 
short, which revolutionizes the 
process of copying DNA in 
laboratories

At the California Institute of Technology, the US 
chemist Lloyd M. Smith develops the first automated 
DNA sequencer. The startup Applied Biosystems 
launches the device on the market, where it bears the 
model designation ABI Prism 370A. It eliminates  
the need to use radioactivity for sequencing, which 
was previously the case

1983

1986

Insulin is the first biotechno-
logically produced 
medication to receive market 
approval. Prior to this, 
insulin was extracted from 
the pancreases of slaugh-
tered pigs or cattle

1982

BIOTECHNOLOGY
DATA MINING

In the future, expenditures on biotechnological 
innovations will have a big economic impact in 
many sectors. Here’s a forecast for the 2030s

Possible direct economic effects of certain 
innovation fields between 2030 and 2040
Estimate in billions of US$/year

How certain areas of application  
contribute to these effects in percent¹

1.2
•  Preventing infectious disease  

using gene drives and sequencing

<0.4
• Genetic tracing of food origin, safety, and authenticity

10.3
• Cultured meat
• Plant-based and synthetic proteins

26.7
•   Marker-assisted breeding of crops  

and animals used for food

30.2
• Genetic engineering of crop and food animal traits

32.8
• Microbiome diagnostics and probiotics
• Microbial seed and soil treatments

16.7
• Direct to consumer (DTC) genetic testing
• Personalized dating services

3.7
•  Food and feed ingredients, biopesticides/

biofertilizers, industrial enzymes, and more

11.1
• Extraction of raw materials
• Biosolar cells and batteries
• Biofuels

40.7
• Novel biopesticides, chemicals, and biopolymers

43.7
•  Food and feed ingredients, fabrics and dyes, 

industrial enzymes, and drugs

45.4
• Gene therapy: enhanced athleticism
• Personalized meal services, probiotics, and vitamins 
• Biosensors for monitoring personal health

22.7
• Gene therapy: hair loss, skin aging
• Microbial skin-care products
• Microbial teeth-whitening products

15.1
• Pet genetic testing and therapies
• Pet microbiome testing and treatments
• Genetically engineered pets

2.0
•  Improving drug development by applying  

omics data in drug discovery and clinical trials

4.0
•  Carrier screening for genetic disorders
• PGS² + NIPT³ for chromosomal disorders
• Embryo screening and selection, embryo editing

92.7
• Mono- and polygenic diseases
• Cancer
• Regenerative medicine

Health

Agriculture, aquacul-
ture, and nutrition

Consumer goods  
and services

Materials, chemicals, 
and energy

PROSPERITY 
THANKS TO 
TECHNOLOGY
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Continued on page 16 →
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technological research results into practical applica-
tions. “This is where the strength of big companies is 
evident because they have a deep understanding of bio-
technology as well as experience in building and operat-
ing large-scale chemical facilities, which enables them 
to commercialize the processes,” he says. Cameron used 
to be the chief scientist of the American agricultural and 
food corporation Cargill and is now co-president of the 
investment firm First Green Partners. “Although start-
ups quickly develop exciting things in the laboratory, 
they often underestimate how much engineering ex-
pertise, time, and especially capital are needed to bring 
a production process to industrial maturity,” he adds.

But that’s not the only reason why Cameron thinks 
that innovative chemical companies are in a good start-
ing position. “In the future, some of the most exciting 
and sustainable processes will be those that intelligent-
ly combine biotechnology and chemistry,” he explains. 
Matthias Evers from McKinsey thinks that biotechnol-
ogy’s cross-sector potential is underestimated. “For 
example, our analysis shows that up to 60 percent of 
raw and starting materials could be produced by bio-
logical means in the future,” he states. 

However, this potential can only be fully exploited if 
European legislation regarding genetic engineering is 
updated. The regulatory hurdles are especially high if 
techniques such as the CRISPR genome editing tool are 
used, irrespective of the modified organism’s proper-
ties and what dangers it might actually pose. “These 
questions should be at the forefront,” says Evers. “Not 
the question about the technique used to create it.”

Buchholz is of a similar opinion. “An updated regu-
lation would quicken the pace of research, promote the 
development of innovations, and at the same time en-
sure a high level of safety—it would be a classic win-
win situation,” he says. 

ports the genetic information for the production of a 
specific protein into a cell, you need lipid nanoparticles 
(LNPs) composed of various lipids. Evonik is one of the 
world’s leading manufacturers of such lipids, and it is 
working together with scientists from Stanford Univer-
sity in California to create new processes that can 
transport the mRNA into cells with even greater preci-
sion in the future (see the article on page 30).

LESS ENVIRONMENTAL IMPACT
Fermentation and biocatalysis are promising options 
for the conservation of resources and the prevention of 
CO2 emissions. However, these technologies will only 
be successful on the market if they are also profitable. 
Proof that sustainability and profitability aren’t mutu-
ally exclusive is provided by the algal oil from Vera-
maris, a joint venture company that was founded by 
Evonik and the Dutch firm DSM. This product contains 
high concentrations of the omega-3 fatty acids EPA and 
DHA and it can replace the fish oil that has been used to 
date as a feed additive in salmon farming. This algal oil 
is produced in a fermenter and helps to ensure a secure 
supply of healthy animal protein. Moreover, it helps to 
protect the world’s excessively overfished oceans. 

Biosurfactants, which are based on rhamnolipids, 
also have a positive impact on the environment. They 
are contained in cosmetics products, detergents, and 
dishwashing liquids. They are completely biodegrad-

able within a short time, eliminate dirt as reliably as 
very good synthetic surfactants, and are extremely 
skin-friendly. Researchers accomplished a great feat 
when they decoded the rhamnolipid production mech-
anism in a bacterium that is toxic for human beings and 
transferred this mechanism to a harmless strain of bac-
teria. In large fermenters, this strain is now turning 
dextrose into the desired lipids at room temperature. 
Evonik is cooperating with the British consumer goods 
company Unilever in order to develop and upscale the 
production process.

Biotechnology pioneer Doug Cameron says that 
rhamnolipids are a great example of the transfer of bio-

Denis Dilba is an engineer and 
a journalist. He writes mainly 
about science and technology—
the more complex the topic,  
the better

Dolly, the cloned sheep, was born on July 5. Scottish 
researchers had cloned her by transferring genetic 
material from an udder cell into an egg cell with 
the nucleus removed and implanting the egg cell into  
a surrogate mother ewe. The experiment triggered  
a worldwide debate about the ethical boundaries  
of biotechnology Cutting costs

Improved technology has dramatically reduced the 
cost of genome sequencing

Artificial intelligence is used to calculate 
protein folding and thereby accelerate the 
development of medications

1996

The molecular biologists Emmanuelle Charpentier from 
France (left) and Jennifer Doudna from the USA 
develop the CRISPR-Cas9 technique for the quick and 
precise editing of DNA. This gene editing tool works  
in all living cells and organisms and ushers in a new era  
of genetic engineering. For their work, they receive  
the Nobel Prize in Chemistry in 2020

2012

2020


