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These properties are also becoming increasingly im-
portant in the aerospace industry. The aerospace mar-
ket is in a state of transition. Private suppliers such as 
SpaceX, the company founded by the Tesla inventor 
Elon Musk; its competitor Blue Origin, which was 
founded by Amazon CEO Jeff Bezos; and other compa-
nies such as OneWeb and Rocketlab are moving to the 
forefront. A total of 114 rockets—more than ever be-
fore —were launched in 2018. Meanwhile, the average 
size of the satellites these rockets are propelling into 
space is shrinking. Nanosatellites (with a mass of 10 ki-
lograms or less) and microsatellites (up to a mass of 100 
kilograms) are being launched more and more often. As 
many as 2,600 of these small artificial satellites may be 
launched in the next five years, according to a forecast 

of the consulting company Spaceworks Inc. There’s 
also a trend toward using smaller rockets.

“At the moment, the entire market is experiencing 
the next evolutionary step,” says Leininger. “During 
this phase, H2O2 is playing an important role as a pro-
pellant because of its excellent handling properties.” 
Previously, other compounds such as hydrazine and its 
derivatives were used for this purpose. However, hy-
drazine is suspected of being carcinogenic, and its use 
may be banned in the EU in the future. H2O2 would be a 
clean alternative. When it’s used as a rocket propellant 
and comes into contact with a suitable catalyst, it de-
velops tremendous heat and decomposes to form water 
vapor and oxygen.

GREEN ROCKETRY
Thus H2O2 is driving a global trend. Under the banner of 

“green rocketry,” numerous companies and organiza-
tions are now attempting to make space travel more 
sustainable and more environmentally friendly. In ad-
dition to the economic aspects, these are also the goals 
of the Future Launchers Preparatory Programme 
(FLPP), in which the European Space Agency (ESA) is 
researching technologies for the next-but-one genera-
tion of rockets. “From our perspective, environmental-
ly friendly propellants are important,” says Johann- 
Dietrich Wörner, the Director General of the European 
Space Agency (see the interview starting on page 22). 
Wörner explains that the ESA has been promoting sus-
tainable development on earth for many years and will 
continue to do so in the future.

One step in this direction was made possible by the 
Hyprogeo project, which was funded by the European 
Commission as part of the Horizon 2020 framework 
program for research (funding code: 634534 HYPRO-
GEO). The goal of Hyprogeo was to construct a hybrid 
rocket engine that burns polyethylene as the solid pro-
pellant, using hydrogen peroxide as an oxidant. “Our 
task as a project partner was to produce H2O2 that was 
as highly concentrated as possible,” Leininger explains. 
For this purpose, Evonik developed a dedicated process 
that produces H2O2 in concentrations of up to 98 per-
cent—a peak value for industrial production. “The ac-
tual manufacturing process of H2O2 produces a 40 or 50 
percent solution, but the subsequent distillation and 
crystallization processes enable us to reach the desired 
final concentration,” says Leininger.

SPICK AND SPAN
Hydrogen peroxide also develops its innovative power 
in environmental applications such as soil remediation 
and wastewater purification. In the USA, sewage treat-
ment plants often chlorinate wastewater before chan-
neling it into rivers or lakes. For the past few years, the 
US Environmental Protection Agency (EPA) has been 

Green processes, thanks to H₂O₂ 
Hydrogen peroxide and electric current have had a close relationship for a long time. The Weißen-
stein process for producing H₂O₂ on an industrial scale, which was invented more than 100 years ago, 
is based on electrolysis. Nowadays industrial companies almost exclusively use the anthraquinone 
process (see the box on page 20), in which hydrogen peroxide is produced with the help of a 

reaction carrier. The Danish company HPNow, a startup based in Copenhagen, is now 
developing a process that harks back to the origins of H2O2 production. It has devel-
oped a technology that uses a fully automatic system to transform water, air, and 
electricity into hydrogen peroxide. This technology looks so promising that Evonik’s 
venture capital arm acquired a minority share in the young company as part of its 
Series A financing round at the end of 2017. “HPNow can help the electrochemical 
production of H₂O₂ to achieve a breakthrough,” says Bernhard Mohr, the Head of 
Venture Capital at Evonik. 
The core of the system is a modular generator that can produce hydrogen peroxide. In a 
catalytic cell, water and oxygen are converted into H₂O₂ in a single electrochemical 
step. Thanks to this distributed approach, the peroxide could be used in the future even 
in places where its use has been limited because of the costs of transportation and 
storage — for example, in greenhouses for vegetables or flowers. To make sure that the 
hoses for drip irrigation don’t get clogged, they have to be rinsed regularly. In the past, 

many growers used fairly aggressive cleaning agents or chlorine-based products instead of environ-
mentally friendly hydrogen peroxide. The use of H₂O₂, whose only byproduct is water, used to be too 
expensive for growers. “The technology developed by HPNow is making it possible for the first time 
to produce hydrogen peroxide when it’s needed and to use it directly on site,” says Mohr. 
The new system has already passed the first set of practical tests with great success.

“The fact that H2O2 keeps 
conquering new mar-
kets is due to its excel-
lent environmental 
compatibility and its 
efficiency”
DR. STEFAN LEININGER,  
BUSINESS DIRECTOR SPECIALTY CHEMICALS
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promoting the use of alternative methods of water pu-
rification. One of them is the treatment of wastewater 
with H2O2 or peracetic acid (PAA). This is an environ-
mentally friendly solution, because the only byprod-
ucts of these two peroxides are water and acetic acid, 
which is readily biodegradable. 

The peroxides, which are strong oxidizing agents, 
combat the pathogenic organisms in the wastewater. 
Viruses, bacteria, and other microbes are killed via 
non-specific mechanisms of action. “The peroxides 
penetrate the cell envelope of microorganisms and 
change it so that it loses its barrier function,” says 
Leininger, the expert from Evonik. In addition, the en-
zymes in the cell’s interior are oxidized and thus irre-
versibly damaged. Both of these processes cause a 
breakdown of the cell’s metabolism. PAA has proved to 
be an especially potent disinfectant. It requires only a 
hundredth of the corresponding dose of H2O2 to achieve 
a comparable effect. “PAA can penetrate the cell 


