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The Greenchem Programme
Greenchem is a research programme supported by MISTRA (The Swedish  
Foundation for Strategic Environmental Research) with focus on sustain-
able chemicals production utilising clean and energy-efficient industrial bio-
technology processes. Development and implementation of such processes 
can contribute significantly towards resource conservation, greenhouse gas  
emission reduction and climate change mitigation. 

Greenchem was initiated in 2003 with its academic base at Lund University,  
Sweden. A number of industrial partners representing producers of renewable 
raw materials as well as producers and users of chemicals are participating in 
the programme. Industrial participation is essential for identification of target 
products, implementation of technologies and marketing of the “green” products.
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The programme targets production of speciality chemicals for the application 
areas: surface coatings, lubricants and surfactants, which are traditionally based on 
fossil resources and contribute significantly to environmental pollution and health 
risks. In Greenchem, renewable raw materials are converted to environmen-
tally adapted products using enzyme catalyzed processes. The enzymes suitable  
for the biotechnological processes are obtained from the natural microbial  
diversity by screening and further development in the laboratory.

The product development within Greenchem is supported by life cycle  
assessment, LCA, to quantify the reduction of environmental impact. Innovation 
systems analysis is yet another important part of the programme to identify  
critical factors for introduction of industrial biotechnology in the chemical  
industry.
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Biocatalysis for  
production of chemicals

Enzymes are biological catalysts, so called biocatalysts, which catalyze a broad 
spectrum of reactions. Besides their natural substrates, the enzymes can accept 
non-natural compounds as their substrates. In contrast to traditional chemical 
processes, biocatalysis provides cleaner processes due to high enzyme selectivity  
and energy-efficient operation under mild conditions. Production of chemicals  
using biocatalysis is often performed in water-poor media which may generate  
harsh conditions for enzymes. High enzyme activity and stability under such  
process conditions are crucial for developing economically competitive processes.

Enzymes for use as industrial biocatalysts are invariably obtained from micro- 
organisms. However, not all native enzymes are efficient industrial biocatalysts. 
Need for biocatalysts with desired activity and stability is met by exploring nature 
for novel enzymes or by molecular development of the available enzymes.

Litre-scale reactor for solvent-free wax ester coating  
synthesis catalysed by a lipase.

Surface view of a beta-
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A hot spring in Bolivian highlands – source  
of new organisms and biocatalysts.



Surface Coatings
Wood coatings comprise an important 
sector addressed by Greenchem. Millions 
of tonnes of such coatings are used world-
wide and cause pollution due to excessive  
use of organic solvents and other harmful  
chemicals in their manufacture. Interest  
exists to develop product substitutes  
with lower environmental impact from  
the production as well as their use. Within 
Greenchem, coatings based on renewable 
raw materials are developed. Enzyme-facilitated solvent-free processes for syn-
thesis of epoxidized oleochemicals and glycidyl ethers for cation-cured coatings, 
as well as of polyester acrylates and acrylate substitutes for UV-cured coatings 
are investigated. 

Biolubricants
Most modern lubricants are complex form- 
ulations based  on 70–90% base oils, that  
are invariably  mineral oils.  A large fraction  
of all lubricants sold worldwide such as 
hydraulic fluids, chain saw oils, lubricant  
greases, etc., end up in the environment  
resulting in severe contamination of soil,  
groundwater and air. This has led to an  
increasing demand for environmentally 
compatible lubricants or biolubricants, 

particularly in application areas involving contact with water, food or humans. 
Vegetable oils have technical properties comparable to mineral oils in lubri-
cants but are not suitable for use at low or high temperature. In Greenchem, 
fatty acid-polyol esters with suitable lubricant properties for use at extreme  
temperatures are produced using biocatalysis in a solvent-free medium.

Biosurfactants
Surfactants are commodities which we 
come in contact with in everyday life in  
detergents, cosmetics and pharmaceutical  
products. Since surfactants are among the  
chemicals used which are mostly dis-
charged immediately after use, it is very  
important that they are readily biodegrad- 
able and pose low risks to humans and  
the environment. Many surfactants are  
fossil based but renewable resources  
are becoming increasingly important raw materials. Within Greenchem,  
enzymatic production methods are explored to produce bio-based surfactants. 
An environmentally benign and efficient process for production of alkanolamides 
has been developed. A range of alkyl glycosides, which were previously not  
possible to synthesize, have been produced using enzymatic synthesis.



Assessments
Environmental 
systems assessments
An essential rationale for  
utilizing industrial biotechno- 
logy for production of chemi- 
cals is to generate increased  
sustainability and lower envi-
ronmental impact. Life cycle 
assessment (LCA) is done on  
the “green” product to ensure  
such improvements. LCA in- 
volves assessments of primary  
energy and raw material use,  
emissions, land use, and human-  
and ecotoxicity of chemicals  
LCAs done in Greenchem  
have demonstrated that pro- 
cesses based on biocatalysis  
lead to reduced energy con- 
sumption and greenhouse gas  
emissions. The choice of re- 
newable raw material is how-
ever critical for minimizing the 
environmental impact.

Innovation 
systems assessments
Greenchem is an important  
research programme where  
industrial biotechnology is eva- 
luated for production of  
speciality chemicals in colla- 
boration with companies re- 
presenting an integrated value  
chain. Analysis of key drivers  
for “green” product develop- 
ment in the chemical industry,  
perception of the industry  
about the challenges of indus- 
trial biotechnology, and the  
existing knowledge level and  
innovation dynamics in this 
technology is done within the  
programme to facilitate its  
exploitation in order to bring 
“green” products to the market. 
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Organisation

The Management Group at Lund University 

Patrick Adlercreutz  Prof., Dept. of Biotechnology 

Pål Börjesson  Assoc. Prof., Environmental  
 and Energy System Studies

Rajni Hatti-Kaul Prof., Programme Director of Greenchem,   
 Dept. of Biotechnology

Olle Holst  Prof., Dept. of Biotechnology

Bo Mattiasson  Prof., Dept. of Biotechnology

Lars J. Nilsson  Prof., Environmental 
 and Energy System Studies

Eva Nordberg Karlsson  Assoc. Prof., Dept. of Biotechnology

The Board 

Britt Marie Bertilsson Mistra representative

Torbjörn Brorson   Adjunct Professor, Lund University  

Karl Hult  Professor, Royal Institute of Technology

Rolf Lantz Former Managing Director, DuPont  
 Performance, Coatings Scandinavia AB  
 and DuPont Sverige AB

Kirsti Siirala Former Senior Scientific Officer, 
 The Swedish Chemicals Agency 

Harald Skogman  Former CEO, Novozymes Biopharma, 
 Chairman of the Greenchem Board

Agne Svanberg Former Consultant, Akzo Nobel Surfactants

Industry Partners 

 AAK   AstraZeneca

 ACO HUD NORDIC IKEA of Sweden

 AkzoNobel Industrial Coating Perstorp

 AkzoNobel Surface Chemistry Protista



Contact information

Greenchem 
Dept. of Biotechnology, Lund University
P.O. Box 124, SE-221 00 Lund, Sweden

Phone: +46 46 222 48 38

Fax: +46 46 222 47 13

E-mail: greenchem@biotek.lu.se

For more information on Greenchem:

www.greenchem.lu.se


