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The Swedish research programme 
Greenchem focuses on development 

and application of clean processes based 
on biocatalysis for production of chemi-
cal products from renewable raw materi-
als. Th e programme aims to demonstrate 
the feasibility of robust biotechnology 
tools and processes to establish a technol-
ogy link between the renewables sector 
and the chemical producer/user industry. 
Greenchem has its academic base at Lund 
University, Sweden.

A number of industries, representing re-
newable raw material providers as well as 
producers and users of chemicals, partici-
pate in the programme, and help to identify 
the products for which the environmental 
eff ect is critical from the manufacturing 
and application perspective. In some cases, 
it implies the replacement of an existing 
manufacturing process while in the others 
that of the fi nal product. Th e participating 
industries are:

• AarhusKarlshamn (AAK)/Binol
• ACO HUD NORDIC
• Akzo Nobel Industrial Coatings
• Akzo Nobel Surface Chemistry
• AstraZeneca
• IKEA of Sweden
• Perstorp
• Protista

The Greenchem programme
Th e programme further involves the eval-
uation of the environmental impact of 
the products from a life-cycle perspective 
and also the analysis of critical factors for 
introduction of new technologies in the 
chemical industry. Th e chemicals chosen 
for study within Greenchem are of inter-
est to both Swedish and international in-
dustry, and are targeted for application in 
environmental-friendly surface coatings, 
lubricants, consumer care and cleaning. 
Th e product examples include: 

• Epoxides (fatty epoxides, glycidyl 
ethers)

• Acrylates (acrylated polyesters and 
oils)

• Polyol esters
• Alkyl glycosides
• Alkanolamides
• Cyclic carbonates

Greenchem has been funded by Mistra 
(Foundation for Strategic Environmental 
Research) between 2003 and 2010.

Speciality Chemicals from Renewable Resources

Greenchem

“Greenchem, Speciality 
Chemicals from Renewable 
Resources” - about Green-
chem research in English

“En hållbar väg till en miljöanpassad 
framtid”  - about Industrial biotechnol-
ogy as a sustainable route for a sus-
tainable future,  in Swedish

“Hållbar produktion och bioteknik” 
- about industrial biotechnology 
from an  industrial perspective, in 
Swedish

En hållbar väg till en 
miljöanpassad framtid

The folders are available as pdf-fi les on www.greenchem.lu.se

Greenchem

Hållbar produktion  
och bioteknik

Other printed information folders from Greenchem: 



Greenchem Final Report   3

Contents

The Greenchem Programme - a step towards 
sustainable development..........................................................4

An overview  of Greenchem research  
during 2003-2010.......................................................................6

Coatings - or how to finish a case in the most 
environmentally friendly way.................................................10

Enzymatic production of a new class of alkyl 
glycoside surfactants................................................................14

 
Perstorp on track towards sustainability...................................17

Bridging academia and industry to initiate a paradigm 
shift for industrial biotechnology...........................................18

Publications...............................................................................21 
 Doctoral Theses.............................................................21 
 Peer-Reviewed Papers..................................................21
 Book Chapters and Reports.........................................24
 Conference Contributions and Invited Lectures.........25
 Master Theses...............................................................28

Greenchem in media................................................................30

Conferences and Seminars arranged by Greenchem.............33

Greenchem Members and Organisation.................................34

PHOTOS AND ILLUSTRATIONS: All photos 
and illustrations are made by Greenchem 
except otherwise indicated. Model on front 
page: Fabian Rundbäck. Last page: Green-
chem spring meeting in Lund 2009. “Paparaz-
zi” photo on the right and “Earth globe” on 
page 4 are from PhotoXpress.

10

14

17

30



4    Greenchem Final Report

In 2050 some 30 percent more people will be living 
on Planet Earth. As always there are some good 

news and some bad news to deliver. For business, 
the good news is that the growth in population will 
deliver billions of new consumers who want things 
such as clothes, furniture, computers (or whatever 
they will be called in 2050), food and cars. Th ere 
will also be an increasing demand for services like 
travel, leisure and health care. Th e bad news is that 
shrinking resources, harm to ecosystems, reduced 
biodiversity, and a changing climate, will 
limit the ability of all nine billion 
of us to attain or maintain the 
consumptive lifestyle that in 
several developed countries 
is associated with wealth 
and happiness. It is aaaaa 
well-known fact that too 
many people already 
live at standard without 
reasonable access to 
food, clean water, energy, 
and consumer goods.

Leaders in governments, 
businesses, academiaaaaaaa 
and the civil societyYYY 
show a growing interestttt 
in addressing issues thattttt 
contribute to sustainable de-
velopment,  and to make decisions 
that deliver the best outcomes possi-
ble for human  development over theEEE 
coming decades. Many of us think, however that 
the speed of change is too slow, too less resources 
are spent to create sustainable paradigm shifts, and 
that humanity continues to repeat mistakes of the 
past. Some of the challenges for humanity include:

Addressing the development needs of 
billions of people.

Increasing (doubling) the agricultural
output without increasing the amount 
of land and water used.

Halting deforestation and increasing 
yields from planted forests.

Reduction of emissions of greenhouse 
gases and initiation of a shift towards 
low-carbon energy systems.

•

•

•

•

The Greenchem Programme - a step 
towards sustainable development

Delivering a four-to-tenfold improve-
ment in the use of resources and materials. 
Th is includes, for example, energy effi  cient 
buildings and transport systems, 
closed-loop recycling of waste and in-
creased use of renewable raw materials.

Reduce the environmental and health 
risks that are associated with the use of 

chemical products and fossil fuels.

Green chemistry
Many people are worried 

concerning the exten-
sive use of chemical 
products in the mo-
dern society. Traces 
of pesticides, pla-
sticisers, fl ame re-
tardants,kpharma-
ceuticals and other 
common chemicals 
are detected in body 
fl uids of animals 

and humans all over 
the world. It is also 

quite common that 
people express concern 

about the manufacturing 
methods of chemical in-

dustry. Th ey often refer to 
emissions, pollution and accidents.

Green chemistry, also called sustainable chemistry, is 
a philosophy of chemical research and engineering 
that encourages the design of products and processes 
that minimize the use and generation of hazardous 
substances. Green chemistry seeks to reduce and 
prevent pollution at its source. Paul Anastas and John 
C. Warner developed 12 principles of green chemistry 
which help to explain what the defi nition means 
in practice. Th e principles cover such concepts as:

the design of processes to maximize the 
amount of raw material that ends up in 
the product

the use of safe, environment-benign 
substances, including solvents, whenever 
possible

•

•

•

•
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the design of energy effi  cient processes

the best form of waste disposal: not to 
create it in the fi rst place

The Greenchem Programme
In response to a call by Mistra (Th e Swedish 
Foundation for Strategic Environmental Research) 
on  ”Th e new biology - possibilities and problems 
in environmental protection” in 2001, the researchers 
at Lund University presented a pre-proposal 
suggesting that use of enzymes, the biological 
catalysts, for catalyzing chemical reactions would 
meet most demands of green chemistry,  and would 
hence be more environment-friendly as compared 
to the traditional fossil based chemistry used in 
the production of chemicals. Th e researchers also 
expressed the view that it is time for a paradigm shift 
in the chemical industry. For this to be realistic, it was 
critical to involve the stakeholders. Hence industries 
over the entire value chain of chemicals production 
were invited to be partners for the proposal. In 
2003, the interdisciplinary research programme, 
Greenchem - Specialty Chemicals from Renewable 
Resources - was approved for funding by the Mistra 
board and was commenced at Lund University.

Greenchem focuses on development and application 
of clean processes based on biocatalysis for production 
of chemical products from renewable raw materials. 
Th e overall aim of the programme was to demonstrate 
the feasibility of robust biotechnology tools and 
processes to establish a technology link between the 
renewables sector and the chemical producer and 

•

•

end-user industry. A basic idea was that a range of 
industries should participate in the programme and 
help to identify products for which the environmental 
performance is of importance and where green 
chemistry could create business opportunities. 

Other cornerstones of the Greenchem 
programme were to assess the environmental 
impact of the chemical products from a life-cycle 
perspective, and to identify critical factors for the 
introduction of new technologies (i.e. industrial 
biotechnology) in the traditional chemical industry. 

Greenchem contributes to sustainable development
In 2003, the Greenchem board, the researchers, 
and the participating companies, entered a 
challenging journey. We have all learnt a lot from 
the programme and are highly convinced that 
there is a great future for industrial biotechnology 
based on renewable raw materials. We are also 
aware that a paradigm shift will take time. 

Finally, the Greenchem project, and the possible 
future large-scale industrial applications, will cer-
tainly make a contribution to solve some of the 
challenges that were identifi ed above. 

We hope that you go get interesting and inspiring 
reading from this report. 

The Greenchem Board
Harald Skogman (director), 

Torbjörn Brorson, Karl Hult, Rolf Lantz, 
Kirsti Siirala, Agne Svanberg
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An overview of Greenchem research 
during 2003-2010 

The research program, Greenchem (Specialty 
Chemicals from Renewable Resources) was 

started in 2003 with an idea of initiating a change 
in the chemical industry by setting examples of 
how its development, production and products 
could be made environmentally benign by the use 
of biocatalysis. Such a change would imply a ma-
jor improvement of the environment and a trans-
fer from fossil to renewable raw material base. Th e 
ambition of using biocatalysis for the production of 
chemicals, and renewable resources as the chemi-
cal feedstock has made Greenchem a part of three 
important areas that are of relevance for sustain-
able production i.e. green chemistry, industrial bio-
technology, and the vision of a biobased economy. 

Research on a
biobased economy

Industiral
("white")

biotechnology
Green

Chemistry

CHEMISTRY BIOTECHNOLOGY

AGRICULTURE

Enzyme-based
chemical processes

Renewable
resources as a base
for chemicals Speciality Chemicals from Renew able Resources

Greenchem

   Figure 1. Map of knowledge by Jesper Sjöström

Biocatalysis for chemicals 
production
Biocatalysis is based on the use of enzymes as cata-
lysts that provide cleaner processes due to their high 
selectivity and energy-effi  cient operation under mild 
conditions in contrast to the traditional chemical 

processes. Enzymes for use as industrial catalysts are 
invariably obtained from microorganisms. Not all 
enzymes are effi  cient industrial catalysts since they 
are evolved to function in their natural aqueous mi-
lieu at ambient pH and temperature, while produc-
tion of chemicals using biocatalysis usually requires 
water-poor media and higher temperature than what 
is “normal” for an enzyme. Need for enzymes with 
desired activity and stability can be met by exploring 
nature, e.g. habitats with extreme environments of 
temperature, pH, etc., and/or by genetic modifi ca-
tion and immobilization of the available enzymes.

Product development 
Greenchem has been a product-driven programme, 

i.e. the research was centered 
on products defi ned out of in-
dustrial interest. Involvement 
of the important stakeholders 
was thus essential for identifi -
cation of critical target prod-
ucts, as well as to ensure im-
plementation of the developed 
technologies, and marketing of 
the green products. Industrial 
partners representing the entire 
value chain, i.e. producers of re-
newable raw materials, produc-
ers- and users of chemicals have 
participated in Greenchem. 

Based on the primary ap-
plication areas, the products 
have been broadly classifi ed 
into two groups: (i) coatings 

and lubricants, and (ii) biosurfactants. Th e target 
chemicals chosen were those that fall within the 
business areas of the producer and user industries, 
and for which reduction in the environmental im-
pact was considered critical from the manufactur-
ing and application perspective. Our aim was to 
develop at least one commercially successful prod-
uct with a minimal environmental impact for the 
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   Figure 2. The Greenchem Vision

industry, and to demonstrate the potential of the 
technology for at least two more chemical products. 
Th e potential of using biocatalysis for synthesis of 
the selected chemical products was fi rst evaluated. 
In case the enzymes were not commercially avail-
able, they were obtained from microorganisms af-
ter screening, produced in-house by recombinant 

gene technology, and if required, further developed 
by mutagenesis. Th e reactions were invariably per-
formed in solvent-free media using the enzymes 
in immobilized form. Biocatalytic processes were 
optimized to give high yields and compared with 
the known process alternatives with regards the 
performance, environmental impact and costs.
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Figure 3. An overview of product development in Greenchem

Th e product development was further supported 
by life cycle assessment (LCA) to quantify the im-
provement in environmental profi le and also to lo-
cate the hot spots in the production chain for po-
tential improvements. Yet another important part 
of the programme was innovation systems analysis 
to identify the critical factors for introduction of 
industrial biotechnology in the chemical industry.

 

Surface coatings comprised an important sector 
addressed by Greenchem and involved Akzo No-
bel Industrial Coatings (ANIC), IKEA of Sweden 
and Perstorp. Several coating products for wood 
surface and high performance coatings have been 
prepared and evaluated. Th ese are presented in a 
separate chapter (Coatings – or how to fi nish a case 
in the most environmentally friendly way). Fol-
lowing evaluations and recommendations, devel-
opment of two of the products is being continued 
– one at ANIC, and the other in a new project sup-
ported by Mistra with co-fi nancing from Perstorp.

With regards the lubricants, the interest was in de-
veloping a process for a biolubricant that could func-
tion eff ectively at sub-zero temperatures encoun-
tered e.g. in Northern Scandinavia. Th e products 
synthesised were a branched fatty acid and polyol 

esters using diff erent heterogeneous catalysts in-
cluding biocatalyst. Production of a polyol ester, 
trimethylolpropane-oleate (TMP-oleate), has been 
studied extensively by esterifi cation of TMP with 
oleic acid. Th e conditions for the lipase-catalysed 
process for obtaining high yields of TMP-oleate in 
a solvent-free system have been optimized and test-
ed at the partner company, AAK. Th e product was 

shown to possess desirable lubricant properties and 
biodegradability. Moreover, the biocatalytic process 
was shown to have the least environmental impact. 

Bio-based surfactants, which are readily biodegrad-
able and pose low risks to the humans and environ-
ment, are of great interest for a range of consumer 
care and cleaning applications. Two types of bio-
surfactants have been prepared: alkylglycosides and 
alkanolamides, following interest from ACO HUD, 
Akzo Nobel Surface Chemistry and AstraZeneca. 
Alkyl glycosides are constituted of a sugar head and 
a fatty chain; the products with short and long sugar 
head groups, respectively, have been produced using 
carbohydrate active enzymes. Alkyl glycosides with 
large sugar head made in Greenchem are novel prod-
ucts and the process for producing them has been 
patented. More details are available in the chapter on 
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Photo: Alkanolamide production being tested at Akzo Nobel, Arnhem, 
The Netherlands

“Enzymatic production of a new class of alkyl glyco-
side surfactants”. Production of alkanolamide, on the 
other hand, was achieved by lipase-catalysed reaction 
between lauric acid and ethanolamine.  Alkanolamide 
production provided a very good case for process de-
velopment. A very effi  cient biocatalytic process was 
developed to yield a high quality product. Th e produc-
tion was made cost-eff ective by optimizing the bio-
catalyst preparation and recycling of the biocatalyst. 

Experience from Greenchem
We feel that the timing for Greenchem could not 
have been more perfect! Th is has been the time 
when the chemical industry is experiencing a lot of 
regulatory pressure for handling of hazardous sub-
stances, pollution and waste disposal, and was being 
coerced towards fi nding means for more sustainable 
chemicals production. On the other hand, the bio-
fuel industry that has been growing in importance, 
realised that the production of bioenergy from plant 
biomass would be profi table only if it was integrat-
ed with production of other chemicals and materi-
als that generate higher economic value for the in-
dustry. A concept of biorefi nery has now emerged 
and Greenchem research has gained importance.

Our experience with the product development in 
Greenchem has been that biocatalysis is an effi  cient, 
green route for the production of several specialty 

chemicals of interest, which has also been supported 
by the LCA studies. We have indeed fulfi lled the 
aims that we set out with. At least one product in 
each group has gone beyond the laboratory stage of 
research, but for a product to reach the market will 
still take time. Th e low biocatalyst stability is a major 
issue to be tackled for economical production of the 
low cost specialty chemicals. We are continuing to 
work to overcome this limitation even after Green-

chem has ended. What 
we have also learnt is that 
the choice of raw mate-
rial is critical as all bio-
based raw materials may 
not always present an 
environmentally benign 
alternative to the fos-
sil resources. And most 
importantly, the eco-
nomical gains provided 
by the new technology 
are essential and over-
ride the environmental 
benefi ts for it to be ac-
cepted by the industry.

Training and education
Greenchem has been exemplary in introducing 
education, training and communication on sustain-
ability and green technologies to the students at the 
university and the society at large. Several doctoral 
students and postdocs have been trained within the 
programme, and have benefi tted from close collabo-
ration with the industry. We have also infi ltrated the 
thinking of sustainability at the undergraduate level 
through associating the students to the projects in 
Greenchem and running a course on Green Chem-
istry and Biotechnology. Th e course was started as 
an independent course at the Faculty of Engineer-
ing of Lund University, and is now off ered also as 
one of the undergraduate engineering courses. 

Rajni Hatti-Kaul
Programme Director,  Greenchem
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Coatings - or how to finish a case in the 
most environmentally friendly way

Contemplate for a minute 
the total amount of sur-

faces presented by all furniture, 
cars, fl oors etc. in the world and 
the fact that almost all of them 
have been treated with some 
kind of surface coating prior to 
use. Th en consider the amount 
of chemicals needed to produce 
these coatings, and you will easi-
ly realize the benefi ts for our en-
vironment if all these chemicals 
would be environmentally sound. 
In Greenchem, our aim has been 
to accomplish a showcase for the 
shift from chemically produced 
fossil-based coating ingredients 
to coating ingredients produced 
from renewable raw materi-
als using biotechnology-based 
methods (Figure 1). Several al-
ternative chemicals, using a vari-
ety of production processes, have 
been considered in order to fi nd the optimal ones 
for one or two diff erent purposes. Th e goal was to 
take at least one project as far as to have a product 
ready to be introduced to the market. Th e product 

development was performed in 
collaboration with Akzo No-
bel Industrial Coatings, IKEA 
of Sweden and Perstorp AB.
 

Alternatives for a 
green coating
A normal surface coating is a 
mixture of several components 
with diff erent functions. It can be 
used as the sole layer or be part of 
a multilayer coating (see below), 
in which each layer contributes 
with one or more desirable prop-
erties, such as scratch and chemi-
cal resistance. Oils and waxes 
are often used for treatment of 
wood furniture, but for increased 
chemical and mechanical resist-
ance, lacquers are a better choice. 
Lacquers cross-link after applica-
tion by either UV radiation or ion 

curing and will essentially cover the surface in plas-
tic. Coatings based on polyurethanes off er an even 
higher chemical resistance and are especially useful 
in for example car fi nishes. In Greenchem, we have 

Table 1. Products within the coating project
aThe reaction and process conditions were opti-
mized using non-renewable raw materials but the 
raw materials could theoretically be up to 100 %. 

Figure 1. How to finish a show-
case in an environmentally sound 
way?
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produced a wide variety of diff erent waxes and com-
ponents for lacquers, as well as cyclic carbonates to be 
used in polyurethanes, utilizing biotechnology-based 
methods and/or renewable raw materials (Table 1 
and Figure 2). Th e general procedure for process and 
product optimization has been as shown in Figure 3. 

 

Wax esters for wood coatings
Wax esters are esters of long-chain carboxylic ac-
ids and long-chain alcohols, which present attrac-
tive alternatives for wood coatings. Wax esters are 
biodegradable and non-hazardous and can be pro-
duced from renewable raw materials using lipases. 
Within Greenchem, four diff erent wax esters were 
produced with Novozym®435 (immobilized lipase) 
as the catalyst. Th e process was shown to be more 
energy effi  cient than the traditional production via 
acid catalysis. Furthermore, since a lower tempera-
ture can be used, no discoloration occurs and hence 
less downstream processing is needed. Two of the 
waxes formed stable emulsions and were evaluated 
by the industry using standard methods for testing of 
coatings. Th e wax esters were found to be easily ap-
plied as well as exhibit good resistance towards water. 
However, the resistance against grease was poor and 
the waxes could hence not compete with the com-
mercially available alternatives. In addition, as shown 
by performing a life cycle assessment (see also section 
- Coatings from a life cycle perspective), lacquers 
based on UV curing would provide further environ-
mental benefi ts compared to wax-based coatings..

Polymer acrylates for UV lacquers
Polymer acrylates are esters of OH-functional poly-
mers and acrylic acid and are commonly used as 
binders and reactive diluents in UV lacquers and 

other coatings. In the presence of an 
initiator, the acryl group will cross-
link when exposed to UV radiation, 
and the formed fi lm provides good 
resistance towards stains. Polymer 
acrylates can be produced via en-
zymatic catalysis, which provides 
benefi ts since a lower temperature 
can be used, which diminishes the 
need for polymerization inhibitors. 
Problems with the high vapor pres-
sure and corrosiveness of acrylic 
acid at high temperatures are also 
avoided. In Greenchem, we have 
shown that acrylated polyester and 
acrylated polyol could be produced 
using Novozym®435 (as well as a 
cheaper in-house preparation of the 
same enzyme) in a cost-effi  cient 
process. Th e products were tested 
by the industry for chemical resist-
ance, curing rate and pendulum 
hardness, using standard testing 
methods (Table 2). A mixture of 

Figure 2. Some coating ingredients produced in 
Greenchem: A) Acrylated polyester, B) Acrylated 
polyol, C) Cyclic carbonate, D) Behenyl behenate 
(wax ester), and E) Epoxidized methyl oleate

Figure 3. General work flow of a project within Coatings. Various sub-
strates and catalysts (mainly enzymatic) are first tested in small scale (4 
ml vials). The most promising reactions are then performed in larger 
scale, for example 200 g substrate in a 1 L stirred tank reactor. Life 
cycle assessments and industrial evaluation of the products provide 
valuable input for a new round of reaction and process optimization.
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Table 2. Performance of various 
UV-curable coatings

Figure 4. High degree 
of conversion of double 
bonds to epoxide groups 
can be achieved in a fast 
and solvent-free process 
at 40°C (upper picture) 
using immobilized Can-
dida antarctica lipase B 
(Novozym®435, lower 
picture). The products 
have been shown to be 
non-toxic and biode-
gradable, and can easily 
be separated from the 
enzyme and water-phas-
es by centrifugation (pic-
ture to the right).
 

the two diff erent polymer acrylates was found to ex-
hibit excellent resistance towards all tested substanc-
es as well as high pendulum hardness. Th e curing 
rate was lower than for the commercial alternatives, 
probably due to insuffi  cient hydroxyl functionality 
in the starting material, which should be possible to 
overcome by modifi cation of the polyester substrate.

Fatty epoxides for UV lacquers
Fatty epoxides are highly interesting compounds 
for various applications, amongst other UV-curable 

coatings, due to the high reactivity of the oxirane 
ring. Th e manufacture of epoxides is complicated be-
cause of extensive by-product formation as well as 
risks associated with the chemicals used. In Green-
chem, we have shown that fatty epoxides can be pro-
duced from a range of renewable raw materials, for 
example soybean and linseed oil, rapeseed methyl 
ester and tall oil derivatives, using Novozym®435 
in a solvent-free system at low temperature (Fig-
ure 4). High conversions were reached within 6-8 
hours and some of the epoxides have been evalu-
ated by the industry with promising results. How-
ever, the process is not economically feasible due 
to the low enzyme stability in presence of hydro-
gen peroxide, which is one of the substrates in the 
process. Th erefore, the eff ect of hydrogen peroxide 
on the lipase has been studied and work is ongo-
ing to produce a more stable and/or active enzyme.
 

Polyesters from renewables
Th e promising results from the polymer acrylate 
project led to the start of a project aimed at pro-
ducing polyesters using biobased organic acids and 
polyols, avoiding the use of acrylic acid. Several dif-
ferent polyesters with molecular weight around 1500 
g/mol have been produced using an acid catalyst. 
Evaluations performed by the industry show that 
especially if the new polyester coating is applied as 
a bottom layer covered by a thin layer of lacquer 
(Figure 5), the resistance of the coating is excellent 
(Table 2). Th e results for these new compounds are 
promising to such an extent that the project will 
continue after the end of the Greenchem program.
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Figure 6. The contribu-
tion to the global warm-
ing potential (GWP) of 
various wood coatings

Cyclic carbonates for polyurethane 
production
Polyurethanes are, amongst several other applications, 
used in high performance coatings. A major draw-
back with polyurethanes is the toxicity of the ingre-
dient isocyanate used in their manufacture. One al-
ternative for isocyanate-free polyurethanes would be 
to use amines for ring-opening of cyclic carbonates. 
It has been shown within Greenchem that six-mem-
bered cyclic carbonates can be produced via a reac-
tion catalyzed by Novozym®435. Th is process off ers 
a novel and more environmentally friendly approach 
for synthesis of cyclic carbonates (and polyurethanes), 
and has laid the basis for a recent patent application.

Coatings from a life cycle
perspective 
Th e use of renewable raw materials and biocatalysis 
are two of the twelve principles of green chemistry. 
However, from an overall environmental perspective, 
the use of biomass feedstocks is not per se a guaran-
tee that the new green chemicals, such as coatings, 
perform better than existing chemicals. Two crucial 
aspects are (i) how the biomass raw material is pro-
duced, and (ii) how the used products are handled as 
waste. Th us, it is necessary to apply a life cycle per-
spective in the environmental assessments of green 
chemicals by making cradle-to-grave calculations.

If, for example, we apply a cradle-to-gate perspective, 
fossil-based wax coatings will perform better than 
rapeseed oil-based wax coatings from a greenhouse 
gas (GHG) perspective. However, if we also include 
waste handling, such as incineration, the biobased 
wax coatings will be superior (Figure 6). Produc-
tion of dedicated crops as raw materials may in some 
cases cause signifi cant direct and indirect environ-
mental burdens due to cultivation methods, land use 
changes etc. It is therefore generally more sustain-
able to utilize waste residues or by-products as raw 
materials, whenever possible. One example is to use 
tall oil, which is a by-product in the pulp industry, in-
stead of rapeseed oil in the production of green fatty 
epoxides for coatings. Compared with fossil-based 

alternatives, the rapeseed oil-based fatty epoxides 
reduce the GHG emissions by some 50%, whereas 
the tall oil-based alternative gives a 98% reduction.

Figure 5. New polyester 100% (left) or applied as 
around 90% in a two layer system with a thin top lac-
quer (right). Since the bottom layer often tends to mi-
grate into the wood, a composition without acrylic acid 
is advantageous.

Th e quality of the coatings regarding chemical and 
mechanical resistance is also a crucial parameter in 
life cycle assessments. As an example, if the lifetime of 
a green wax coating based on rapeseed oil is assumed 
to be equivalent to the lifetime of water-based UV 
lacquers based on fossil oil, then the green wax coat-
ing scores better than the fossil-based lacquers. In 
reality, the lifetime of UV lacquers has been shown to 
be roughly twice as long, leading to the opposite sit-
uation; the fossil alternative will score better than the 
green wax coating. Another option is to use a 100% 
UV-curable coating instead of a water-based, which 
will reduce the GHG emissions by a further seven 
to eight times, even though the 100% UV lacquer 
is fossil-based. Th us, a future way to develop a truly 
resource effi  cient and sustainable green coating is to 
produce a 100% UV-curable coating from a waste 
residue such as tall oil and by high-yielding bioca-
talysis in a solvent-free and energy effi  cient system.

Th e two coating products - polyesters from renewa-
bles and cyclic carbonates - have not yet been assessed 
from a life cycle perspective. Th e work on these prod-
ucts will continue after the end of the Greenchem 
research program and we await with excitement 
further results and hopefully the possibility to soon 
see a green(chem) coating available in the market.

Ulrika Törnvall, Pål Börjesson, 
Anna Hagström, Rajni Hatti-Kaul 
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Enzymatic production of a new class 
of alkyl glycoside surfactants

This project was initiated by a suggestion 
from AstraZeneca, one of the industrial 

partners in the Greenchem program. At Astra-
Zeneca there was a strong interest for a type of 
surfactant, which, based on theoretical considera-
tions, should have superior surfactant properties, 
but unfortunately was impossible to synthesize! 

Surfactants are used in a wide range of applica-
tion fi elds including pharmaceuticals, personal 
care products, paints, agrochemicals, cleaning 
and as additive in concrete. In the past, surfactants 
caused considerable environmental problems, 
but the development is rapidly moving towards 
surfactants with lower environmental impact. 
Alkyl glycosides (AGs) are surfactants, which 
have several attractive properties. Th ey are made 
from renewable raw materials (carbohydrates 
and fatty alcohols) and they are biodegradable. 
Furthermore, they have low toxicity and their 
surfactant properties can be tuned by varia-
tion of the carbohydrate and fatty alcohol parts. 

Technical quality alkyl polyglucosides (APGs) 
are available in the market and these are excel-
lent for some applications. However, they are 
available only with short carbohydrate parts, 
typically just one glucose residue per molecule. 
Furthermore, they are complex mixtures of dif-
ferent molecular species. Well-defi ned AGs 
having more than 3 monosaccharide residues are not 
available and they are virtually impossible to synthe-
size by conventional methods, even in small quan-
tities. Th erefore AstraZeneca asked the Greenchem 
researchers if biocatalysis could be used to make the 
“missing” AGs with long carbohydrate parts. A cou-
ple of enzymatic synthesis routes are possible in the-
ory (Figure 1). In practice, the most straightforward 
one, the direct condensation of the desired long car-
bohydrate and the fatty alcohol has so far been un-
successful (Figure 1). Th e extreme diff erence in prop-
erties of the two starting materials is probably the 
main reason. Th e major breakthrough in the project 
came with the discovery of a two-step alternative, in 
which an AG with a short carbohydrate part is syn-

thesized fi rst, followed by the elongation of the car-
bohydrate part in a second enzymatic step (Figure 1).

AGs with short carbohydrate parts can be produced 
either by chemical or enzymatic synthesis. For in-
dustrial scale, diff erent types of chemical syntheses 
are completely dominating, and are what we refer 

Figure 1. Theoretically possible enzymatic routes to alkyl 
glycosides having long carbohydrate parts. Route 2 works 
with a CGTase to catalyze the elongation reaction. Glu-
cose residues are shown as circles.

to as conventional methods. Within Greenchem we 
have worked on enzymatic process alternatives. A 
main advantage of an enzymatic method would be 
the possibility to make more well-defi ned products. 
Th e main problem with the enzymatic synthesis is 
that the enzymes which are able to catalyze the re-
actions are not active under the conditions needed 
(low water content) to allow for effi  cient, high yield-
ing processes. Th us, to further explore the possibili-
ties of enzymatic routes, use of robust enzymes iso-
lated from organisms in extreme environments was 
considered. We were also interested in developing 
biocatalysts by molecular methods and in need of 
both stable model enzymes and methods allowing 
screening of the outcome of the development. Th e 
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starting point of this work was the fi rst step in the 
synthesis, involving production of AGs with a short 
carbohydrate part. By database screening (http://
www.cazy.org, a database with all known sequences 
of glycoside hydrolases and transglycosidases) model 
enzymes were selected, cloned and produced and a 
method allowing screening of reverse hydrolysis de-
veloped (Figure 2A). A signifi cant result of the work 
is also the determination of the structure of one of 
the model enzymes, the fi rst published structure of 
a 3-domain glucosidase classifi ed under glycoside 
hydrolase family 3 (GH3, Fig 2B), and this enzyme 
is effi  cient in AG synthesis by transglycosylation.

Th e structural information and access to screening has 
allowed development by mutagenesis and identifi ca-

Figure 2 A and B. Panel A (top), illustrates a simpli-
fied view of the major steps involved in the screen-
ing method for AG production from glucose and 
hexanol by reverse hydrolysis. Both hydrolysis (de-
termined spectrophotometrically using the substrate 
para-nitrophenyl-ß-D-glucopyranoside [pNPG]), and 
synthesis (either spectrophotometrically determined, 
by the combination of hydrolysis of produced AG 
with determination of released glucose, or directly 
determined by HPLC) is determined to compensate 
for differences in production in different cell cul-
tures. Panel B (right), shows the ribbon structure 
of the ß-glucosidase B from GH3 isolated from the 
hyperthermophilic bacterium Thermotoga neapoli-
tana. The 3 domains are shown in blue, yellow and 
green, and a linker sequence in cyan. A glucose mol-
ecule (shown in cyan and red) is bound in active site. 

Expression Expression 
Cell LysisCell Lysis

AG synthesis/ AG synthesis/ 
2-phase stystem2-phase stystem

  Transfer  Transfer
  Aq-phase  Aq-phase

hydrolysishydrolysis

synthesissynthesis

Spectrophotometric Spectrophotometric 
reactionreaction

Spectrophotometric Spectrophotometric 
coupled reactioncoupled reaction

A

B

tion of promising variants for the reverse hydrolysis 
step. Despite these fi ndings, the production of short 
chain AGs can be cheaper produced by using the cur-
rent technology of chemical synthesis, and we believe 
that continued improvements are necessary to make 
enzymatic synthesis a viable alternative in this step. 

Th e elongation of the carbohydrate part of an alkyl 
glycoside cannot be carried out using chemical 
methods and it is not the natural reaction of any en-
zyme. However, we discovered that some cyclodex-
trin glycosyltransferases (CGTases), enzymes which 
normally convert starch to cyclodextrins, can actually 
catalyze the addition of the glucose residues of cy-
clodextrins to the carbohydrate part of an AG (Fig-
ure 3). Considering that this is not the main reaction 
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of the enzyme and the alkyl glycoside substrate is 
an unnatural one, the reactions are surprisingly ef-
fi cient! Th e method results in a range of products. 
Substrates to be elongated can be either pure AGs 
(for which enzymatic synthesis could be an alterna-
tive) or technical grade APGs; the choice depends 
on the desired purity of the product. For applica-
tions requiring a cheaper product, the relatively ex-
pensive cyclodextrin can be synthesized from starch 
using enzymes with CGTase activity, and diff erent 
enzyme alternatives are investigated for this pur-
pose. Th is reaction and the elongation reaction can 
be carried out simultaneously (Figure 3). A patent 
application on the enzymatic method to elongate 
the carbohydrate part of AGs has been submitted 
by Devenz AB, the development company formed 
by the Greenchem researchers. Th e fi rst applica-
tion tests of the new surfactants are very promising.

Patrick Adlercreutz, 
Eva Nordberg Karlsson, 

David Svensson, Stefan Ulvenlund 

Starch

CGTase

Cyclodextrin
CGTase

Alkyl glycoside (CnGm)

Alkyl glycoside (CnGm+6)

Figure 3. The elongated alkyl glycoside can be prepared using α-cyclodextrin as the 
added glycosyl donor, or α-cyclodextrin can be generated in the reactor from starch. 
Both reactions can be carried out simultaneously using the same enzyme as catalyst.
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Perstorp on track towards 
sustainability

Perstorp’s commitment in Greenchem has been very 
rewarding, providing valuable knowledge and in-

sights into new eco-effi  cient routes to specialty chemi-
cals based on enzymatic catalysis. In addition, the net-
working associated with the participation provides 
great value going forward. Developing sustainable, 
renewable processes is becoming a hot topic throughout 
the chemical industry.  However, sustainable prod-
ucts or processes are not only a future vision to Perstorp 
– it is already a reality. One example: In June, the fi rst 
completely renewable pentaerythritol was launched 
by Perstorp under the product name VoxtarTM.

In June, Perstorp launched a completely renew-
able pentaerytritol (penta), a polyalcohol used in 
large quantities when manufacturing such things 
as alkyd paints and lubricants. Th e green penta is 
sold under its product name, VoxtarTM. Initially 
the volumes are moderate, but as demand from the 
market increases, the production will be ramped up.
Th e penta is made from methanol and acetaldehyde. 
Th e energy used in the manufacturing process is 
also renewable.

Th e green methanol comes from Holland and is 
made from glycerin. It’s the fi rst large-scale bio-
methanol plant in the world. Th e acetaldehyde 
comes from bio-ethanol. In the past Perstorp didn’t 
have the capacity to manufacture green penta.
“It’s a green revolution. For the fi rst time paints 
will be able to be completely renewable. Voxtar 
has raised an unusal degree of interest, especially 
among our key customers in the US. Th e mar-
ket there has altered drastically with eco-aware-
ness increasing incredibly in just a few years,” says 
Perstorp’s President and CEO Martin Lundin.
Now the company needs to wait and see how 
much market interest there is for green chemicals.

Perstorp is a major consumer of methanol 
and wants to see more manufacturers of re-
newable raw materials such as bio-metha-
nol, preferably in the immediate surroundings.

75-80 per cent of Perstorp’s products are today made 
from raw materials such as oil or natural gas, some 

of which is refi ned into products that quite literally 
help reduce greenhouse emissions, such as eff ective 
insulation for energy-effi  cient housing. Th ere is thus 
a strong paradox between marketing green chemicals 
and the petrochemical industry’s right to exist as an 
effi  cient user of fossil raw materials. Th is obviously 
sends out a mixed message and could help create a 
fear of the chemicals industry, but the one does not 
exclude the other. New processes will be necessary 
for making green chemicals when oil becomes too 
expensive or runs out, and we need to be active and 
start preparing for a gradual transition already today. 
In this context, Greenchem has played an important 
role for Perstorp and will serve as a stepping stone 
for future engagements in the fi eld, with the goal to 
make the company look more like it did when it was 
founded back in 1881 – a specialty chemicals company 
with an increasing share of renewable raw materials.

One of the chemicals industry’s biggest challenges is 
changing society’s view of chemicals, an issue that’s 
in the spotlight ahead of the Year of Chemistry 2011. 
“It’s not a question of making people aware of facts 
or logical conclusions, it is mainly about conveying a 
feeling that chemistry is important and useful and a 
natural part of our lives”,  Martin Lundin concludes.

A contribution by Perstorp AB

Photos on this page by Perstorp
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Bridging academia and industry to 
initiate a paradigm shift for 
industrial biotechnology

The growing global concern about the environ-
ment has led to an increased demand for the 

use of renewable biomass as feedstock for fuels, 
chemicals and materials, and for alternative “green-
er” methods of production. Consequently, the Swed-
ish Foundation for Strategic Environmental Re-
search, Mistra decided to support and fi nance the 
Greenchem program at Lund University. Th e aim 
of Greenchem has been to develop “green” proc-
esses based on industrial biotechnology and initi-
ate a paradigm shift in Swedish industry from fos-
sil-based chemical production to green chemistry. 

Th e Greenchem programme has undoubtedly dem-
onstrated the importance of industrial biotechnol-
ogy for Swedish chemical industry. Th e collabora-
tion between academic researchers and industrial 
partners has generated an array of new methods for 
production of valuable chemicals that have been 
evaluated by the various industries. Moreover, it 
has illustrated the importance of spending time 
and eff ort to build a solid bridge of trust and un-
derstanding between academia and industry. Th e 
collaboration has also led to the production of an 
entirely new surfactant that will be marketed by the 
Greenchem researchers-owned company Devenz. 

Mobilizing the players and setting 
the rules - painful but enlightening 
Greenchem was formed in 2003. It was a unique 
opportunity for the eight participating industries to 
gain competitive advantages, improve their environ-
mental profi le and solve existing problems. For the 
academic researchers, Greenchem provided access to 
“real” problems and relevant solutions to work on. Th e 
industrial partners agreed to invest time and share 
(sometimes proprietary) knowledge with the hope 
of getting results of commercial value in exchange. 
Th rough the interactions with industry, the partici-
pating PhD students and researchers got their mind 
set on the commercial potential of their research 
right from the start. At the same time the research-
ers’ top priority was to produce scientifi c results that 
could be published to get academic merits. Devenz 
role was to take care of commercially useful results 
generated by the researchers and that for strategic 
reasons were of no interest to the industrial partners.

Greenchem had many stakeholders with diff erent 
expectations from the collaboration. A lot of dis-
cussions had to take place to set out the form of 
collaboration before an agreement could be settled 
that was acceptable to all partners. Th is process was 
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important for creating a greater 
awareness among the partners for 
each others’ conditions, and such 
understanding is crucial for build-
ing the fi rst foundation of a bridge 
between academia and industry. 

Learning from each 
other’s differences 
From Mistra’s perspective, the 
benefi cial output from bring-
ing academia and industry to-
gether is creation of innovation, 
i.e. novel solutions that will come 
to practical use, and an increased 
global competiveness of Swed-
ish industry. However, for this to 
happen it is required to have an 
open discussion and open minds 
in both industry and academia to 
create mutual trust and to align their expectations 
and goals. It is also very important to acknowledge 
the learning process which needs to take place. 

At the start of Greenchem, it was diffi  cult for the in-
dustrial partners to pinpoint the important problems 
that could be solved by industrial biotechnology. On 
the other hand the academic researchers did not 
have insight into what problems the industry needed 
to address. Th e situation led to many shots from the 
hip and demonstrated that all stakeholders needed 
to learn from each other.  When the gap between 
industry and academia became evident, the dia-
logue was restructured and intensifi ed. Application 
Management Groups (AMG) were formed with all 
stakeholders in a project. During the meetings of 
AMGs, every aspect of the project was discussed 
in detail, literally from molecular level to commer-
cial requirements and company policy strategies. At 
these meetings it became evident how important it 
is to involve industrial partners from every position 
in the value chain. Th ey could help each other to 
bring new light on chemical-, production-, supply- 
and commercial issues. Based on these discussions 
things started to happen, and this working proce-

dure will continue in new projects 
even after Greenchem has ended. 

Now, the industrial partners have 
gained valuable knowledge and in-
sights in the possibilities of indus-
trial biotechnology. Academia has 
gained a much better understand-
ing of the complexity of getting a 
product to the market and about 
the terms for chemical industry. 
Th e bridge is under construction!

Implementing industrial 
biotechnology in an es-
tablished company
Besides producing existing chemi-
cals in a sustainable way, industrial 
biotechnology off ers a method to   
produce novel chemicals that are 

not possible to produce by traditional means, provid-
ing entirely new business opportunities. Neverthe-
less, before a new technology will be implemented 
by any company, the commercial potential as well 
as the environmental benefi ts must be thoroughly 
assessed through cost calculations and market as-
sessments paired with life-cycle-analysis. Th e cost 
of implementing new technology might be found 
to be too high. Supply prices and availability of oil 
versus renewable raw material have to be considered 
and assumptions of what the market is willing to 
pay have to be made. Th e REACH legislation (the 
European Community Regulation on chemicals and 
their safe use), will also come into play. In a mature 
company there is also an aspect of company tradition 
and management that needs to be considered. Most 
Swedish chemical companies are in foreign own-
ership and the personnel working with developing 
new technologies might experience that their ideas 
have a rather long way before reaching top manage-
ment. In Greenchem we learnt that not only can 
companies from diff erent parts of the value chain 
help each other with technical matters, but they can 
also push each other forward by minimizing uncer-
tainties regarding market value and supply costs. 

Making the most of the results
Th e rationale behind the establishment of the com-
pany Devenz was to take care of results that turned 
out to be of no strategic interest for the industrial 
partners. Th e participating academic researchers de-
posited their IP rights in Devenz and were in return 
off ered to buy shares in the company as compensa-

“During the meetings... every aspect 
of the project was discussed in detail, 
literally from molecule level
to commercial requirements and 
company policy strategies
……things started to happen.”

Illustration: “Shot from the hip” 
based on a photo by Jim Parkin
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tion. Th e idea was that academic researchers might 
have an opportunity to make the most of their results 
if they invest together. Devenz became a factor in 
Greenchem that in the beginning of the programme 
was considered intimidating to the industrial partners. 
However, with the more open and intense dialogue, a 
trust was built between the stakeholders and resulted 
in that one industrial partner gave up their background 
IP to Devenz. Th e industrial partner was in no posi-
tion to continue development but is still interested in 
buying the fi nal product once it reaches the market.

Mind the gap in Valley of Death! 
As many young companies, Devenz is now facing 
competition for early funding of their project. With 
Greenchem reaching an end,  it is important to capital-
ize on the knowledge that has been built up. Close col-
laboration with the academic researchers is essential, 
paired with recruitment of the missing competence. 
Th e product must be validated and customer contacts 
initiated. All this needs time and fi nancial resources.
Devenz is now shifting from a company with tech-

nology focus to a company with more market-driven 
focus. Access to funding and success in fi nding li-
censing partners will depend on the market value, 
need for the product and competition from other 
companies.  Devenz must evaluate these parameters 
and fi nd the arguments to convince investors and 
customers about the commercial value. To do this a 
team with an understanding for both technology and 

marketing is important. An early market focus by the 
company is also important to assure access to suffi  -
cient funding when making the leap from public to 
private funding. Th is period of reduced cash fl ow is of-
ten referred to as the “Valley of Death”. As compared 
to other sectors, biotech products often require more 
time and resources for product and technology de-
velopment due to regulatory and patent issues before 
reaching the market. Th is means that many biotech 
companies face an even wider gap and become more 
vulnerable in Valley of Death. If the public funding 
bodies had a more market driven evaluation of appli-
cations, the gap between public and private investors 
might get reduced which would most probably aid 
development of new biotech companies in Sweden. 

Will industrial biotechnology 
reach the market?
Areas that will infl uence if and when we will see a 
paradigm shift towards industrial biotechnology are 
not only the technology itself, but the valuation by the 
market, the cost of the supplies, production costs and 
human resources. It is also important to get the whole 
system going! Th at we do, only by the interaction be-
tween all actors. Greenchem is a great example of how 
actors can be brought together to build up knowledge 
and create a network between academia and industry. 

Greenchem has produced Ph.D. students who have 
an enormous insight in both industrial biotechnol-
ogy, environmental issues and the commercial as-
pects of implementing the technology. On the way, 
the industrial partners have learnt a lot about the 
possibilities with industrial biotechnology. Green-
chem has not only resulted in the new company 
Devenz but also  in two on-going research projects 
between academia and industry. One company has 
recruited a person from academia to continue the 
work from Greenchem in house and another com-
pany is planning to start a new industrial biotech re-
search project.  We believe that these are signifi cant 
results from the Greenchem programme and they 
will play a major role for the introduction of indus-
trial biotechnology in Sweden. However we need 
to keep the pressure on - to strengthen the bridge! 

Josefin Ahlqvist, Maria Andersson, 
Lars Coenen

Photo: Death Valley, Sierra Nevada, USA by Ary
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ylation by Candida antarctica lipase. Journal of Bio-
technology 133:127-133

Nordblad M., Adlercreutz P. (2008) Effi  cient enzy-
matic acrylation through transesterifi cation at con-
trolled water activity. Biotechnology and Bioengineer-
ing 99:1518-1524
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Tufvesson P.,  Adlercreutz D., Lundmark S., Ma-
nea M., Hatti-Kaul, R. (2008) Production of glyci-
dyl ethers by chemo-enzymatic epoxidation of allyl 
ethers. Journal of Molecular Catalysis B: Enzymatic 54: 
1–6 

Published 2007
Gustafsson L.M., Börjesson P. (2007) Life cycle 
assessment in Green Chemistry - A comparison of 
various wood surface coatings. International Journal 
of Life Cycle Assessment 12:151-159

Hatti-Kaul R., Törnvall U., Gustafsson L., Börjes-
son P. (2007) Industrial biotechnology for the pro-
duction of bio-based chemicals - a cradle-to-grave 
perspective. Trends in Biotechnology 25(3):119-124

Lathi P., Mattiasson B. (2007) Green approach 
for the preparation of biodegradable lubricant base 
stock from epoxidised vegetable oil. Applied Catalysis 
B: Environmental 69:207-212

Orellana-Coca C., Billakanti J.M., Mattiasson B., 
Hatti-Kaul R. (2007) Lipase mediated simultane-
ous esterifi cation and epoxidation of oleic acid for 
the production of alkylepoxystearates. Journal of Mo-
lecular Catalysis B: Enzymatic 44:133-137

Petersson A.E.V., Adlercreutz P., Mattiasson B. 
(2007) A water activity control system for enzymatic 
reactions in organic media. Biotechnology and Bioen-
gineering 97(2):235-241

Tufvesson P., Annerling A., Hatti-Kaul R., Adler-
creutz D. (2007) Solvent-free enzymatic synthesis of 
fatty alkanolamides. Biotechnology and Bioengineering 
97(3):447-453

Turner C., Turner P., Jacobson G., Waldebäck M., 
Sjöberg P., Nordberg Karlsson E., Markides K. 
(2007) Subcritical water extraction and beta-glu-
cosidase-catalyzed hydrolysis of quercetin in onion 
waste. Green Chemistry 8:949-959 

Turner P., Mamo G., Nordberg-Karlsson E. 
(2007) Potential and utilization of thermophiles and 
thermostable enzymes in biorefi ning. Microbial Cell 
Factories 6:9

Turner P., Svensson D., Adlercreutz P., Nordberg-
Karlsson E. (2007) A novel variant of Th ermotoga 
neapolitana beta-glucosidase B is an effi  cient catalyst 
for the synthesis of alkyl glucosides by transglyco-
sylation. Journal of Biotechnology 130(1):67-74

Turner P., Pramhed A., Kanders E., Hedström M., 
Nordberg Karlsson E., Logan D. (2007) Expres-
sion, purifi cation, crystallization and preliminary 
X-ray diff raction analysis of Th ermotoga neapolitana 
beta-glucosidase B. Acta Crystallographica F 63:802-
806

Törnvall U., Hatti-Kaul R. (2007) Speciality 
chemicals from vegetable oils: achievements within 
the Greenchem research program. Lipid Technology 
19:84-87 

Törnvall U., Orellana-Coca C., Hatti-Kaul R., 
Adlercreutz D. (2007) Stability of immobilized 
Candida antarctica lipase B during chemo-enzymatic 
epoxidation of fatty acids. Enzyme & Microbial Tech-
nology 40:447-451

Published 2006
Crennell S.J., Cook D., Minns A., Svergun D., An-
dersen R.L., Nordberg Karlsson E. (2006) Dimeri-
sation and an increase in active site aromatic groups 
as adaptations to high temperatures: X-ray solution 
scattering and substrate-bound crystal structures of 
Rhodothermus marinus endoglucanase Cel12A. Jour-
nal of Molecular Biology 356:57-7187

Nilsson C., Nilsson F., Turner P., Sixtensson M., 
Nordberg Karlsson E., Holst O., Cohen A., Gor-
ton L. (2006) Characterization of two novel cyclo-
dextrinases using microdialysis sampling online with 
HPAEC-PAD. Analytical and Bioanalytical Chemis-
try 385:1421-1429

Ramchuran S.O., Vargas V., Hatti-Kaul R., Nor-
dberg Karlsson E. (2006) Production of a lipolytic 
enzyme originating from Bacillus halodurans LBB2 
in the methylotrophic yeast Pichia pastoris. Applied 
Microbiology and Biotechnology 71, 463-472

Sjöström J. (2006) Green chemistry in perspec-
tive – models for GC activities and GC policy and 
knowledge areas. Green Chemistry 8:130-137

Sjöström J. (2006) Fysikifi erat och biofi erat. 
Kemivärlden Biotech med Kemisk Tidskrift 1:22-24. 
(related publication in Swedish)

Published 2005
Larsson J., Svensson D., Adlercreutz, P. (2005) α-
Amylase catalysed synthesis of alkyl glycosides. Jour-
nal of Molecular Catalysis B: Enzymatic 37:84-87
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Orellana-Coca C., Adlercreutz D., Andersson M., 
Mattiasson B., Hatti-Kaul R. (2005) Analysis of 
fatty acid epoxidation by high performance liquid 
chromatography coupled with evaporative light scat-
tering detection and mass spectrometry. Chemistry 
and Physics of Lipids 135:189-199

Orellana-Coca C., Camocho S., Adlercreutz D., 
Mattiasson B., Hatti-Kaul R. (2005) Chemo-en-
zymatic epoxidation of linoleic acid: parameters in-
fl uencing the reaction. European Journal of Lipid Sci-
ence and Technology 107:864-870

Orellana-Coca C., Törnvall U., Adlercreutz D., 
Mattiasson B., Hatti-Kaul R. (2005) Chemo-en-
zymatic epoxidation of oleic acid and methyl oleate 
in solvent-free medium. Biocatalysis and Biotransfor-
mation 23:431-437

Petersson A.E.V., Gustafsson L.M., Nordblad M., 
Börjesson P., Mattiasson B., Adlercreutz P. (2005) 
Wax esters produced by solvent-free energyeffi  cient 
enzymatic synthesis and their applicability as wood 
coatings. Green Chemistry 7(12):837-843

Turner P., Holst O., Nordberg Karlsson E. (2005) 
Optimized expression of soluble cyclomaltodex-
trinase of thermophilic origin in Escherichia coli by 
using a soluble fusion-tag and by tuning of induc-
er concentration. Protein Expression & Purifi cation 
39:54-60

Varma S., Mattiasson B. (2005) Amperometric bio-
sensor for the detection of hydrogen peroxide using 
catalase modifi ed electrodes in polyacrylamide. Jour-
nal of Biotechnology 119: 172-180

Submitted
Mathew S., Adlercreutz P. Cyclodextrin glucan-
otransferase catalyzed synthesis of dodecyl glucooli-
gosides by transglycosylation using α-cyclodextrin 
and starch.

Orellana-Coca C., Gaber, Y., Ghani N.A., Lämsä 
M., Hatti-Kaul R. Clean synthesis of biolubricants 
for low temperature applications using heterogene-
ous catalysts. 

Orellana-Coca C, Hagström A.E.V., Mollahmad 
M.A., Karlsson S., Hatti-Kaul R. Biolubricant 
synthesis using immobilised lipase: Process optimi-
sation of trimethylolpropane oleate production.

Svensson D., Adlercreutz P. CGTase-catalyzed 
carbohydrate elongation of a technical grade Alkyl 

Polyglycoside (APG) analysed by the parallel use of 
HPLC-ELSD and HPLC-MS analysis

Zehentgruber D., Lundemo P., Svensson D., 
Adlercreutz, P. Substrate complexation and aggre-
gation infl uence the cyclodextrin glycosyltransferase 
(CGTase) catalyzed synthesis of alkyl glycosides

Manuscripts
Brun E., Orellana Coca C., Sörensen K., Hansen 
J., Hatti-Kaul R. Solvent free synthesis and formu-
lation of renewable polymers and their applications 
as wood coatings. 

Paul C.J., Leemhuis H., Dobruchowska J.M., Grey 
C., van Leeuwen S.S., Dijkhuizen L., Nordberg 
Karlsson E. Characterization of the 4-α-glucan-
otransferase from Archaeoglobus fulgidus strain 7324: 
production of cyclic amylose and alkyl glycosides. 

Paul C.J., Rask E., Schönheit P., Nordberg Karls-
son E. Investigating the role of 5’ rare codons on re-
combinant protein expression of a archaeal glycosyl 
hydrolase family 57 enzyme in E. coli. 

Pyo S-H., Nuszkiewicz K., Persson P., Lundmark 
S., Hatti-Kaul R. Lipase-mediated synthesis of 
six-membered cyclic carbonates from trimethylol-
propane (TMP) and dialkyl carbonates: Infl uence of 
medium engineering on reaction selectivity.

Tufvesson L., Tufvesson P., Woodley J., Börjesson 
P. Life cycle assessment of green chemicals – over-
view of key parameters and methodological con-
cerns.

Book Chapters and Reports
Hatti-Kaul R. (In Press) Renewable resources as 
base for energy and chemicals. Th e Handbook of Green 
Chemistry, Oxford University Press 

Adlercreutz P., Hatti-Kaul R. (2010) Synthesis of 
surfactants using enzymes. Surfactants from Renew-
able Resources, I. Johansson and M. Kjellin (eds.), 
Wiley-VCH, Weinheim

Hatti-Kaul R. (2010) Downstream processing in 
industrial biotechnology. Industrial Biotechnology: 
Sustainable Growth and Economic Success, W Soetaert 
and E.J. Vandamme (eds.), Wiley-VCH, Weinheim

Nordberg Karlsson E., Johansson L., Holst O., 
Lidén G. (2009) Escherichia coli as a well-developed 
host for metabolic engineering. Metabolic Pathway 
Engineering Handbook, C.D. Smolke (ed.), CRC 
Press, Boca Raton, FL
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Börjesson P., Ericsson K., Di Luzia L., Nilsson 
L.J., Åhman M. (2008) Sustainable biofuels – do 
they exist? (Hållbara drivmedel – fi nns de?). Report 
No 66 Environmental and Energy Systems Studies, 
Lund University, Sweden

Conference Contributions and 
Invited Lectures
2010
Adlercreutz P. Biocatalytic production of surfactants 
and coatings. 8th EuroFedLipid Congress, Munich, 
Germany, Nov 2010 (Invited lecture) 

Adlercreutz P., Svensson D., Mathew S., Lundemo 
P., Zehentgruber D., Pozzo T., Nordberg Karlsson 
E. Two-step process for production of alkyl glyco-
side surfactants. BIOCAT 2010, Hamburg, Germa-
ny, Aug-Sept 2010 (Lecture 37) 

Ekman A., Börjesson P. Life Cycle Assessment of 
Hydraulic Fluids –An environmental systems study 
of diff erent production alternatives. Innovation for 
Sustainable Production 2010 (i- SUP 2010), Brygge, 
Belgium, April 2010 (Oral presentation)

Hatti-Kaul R. Speciality chemicals from renewable 
resources using biocatalysis. Vth International Bioen-
gineering Congress, Izmir, Turkey,  June 2010 (Invited 
lecture)

Orellana-Coca C., Gaber Y., Hatti-Kaul R. Com-
parison between Chemical versus enzymatic proc-
ess for the synthesis of emollients for cosmetic ap-
plication. Industrial Biotechnology – A Platform for 
Sustainable Growth in Sweden, Lund, Sweden, Nov 
2010 (Poster)

Törnvall U., Hagström A.E.V., Tufvesson L.M., 
Börjesson P., Hatti-Kaul R. Industrial biotech-
nology for production of fatty epoxides. Industrial 
Biotechnology – A Platform for Sustainable Growth in 
Sweden, Lund, Sweden, Nov 2010 (Poster)

Törnvall U., Hedström M., Hatti-Kaul R. Stability 
and activity of lipases on exposure to oxidative envi-
ronments. 14th International Biotechnology Symposium 
and Exhibition, Rimini, Italy, Sept 2010 (Poster)

2009
Adlercreutz P., Svensson D., Rehn G., Rundbäck 
F., Noack C., Turner P., Nordberg Karlsson E. 
Alkyl glycoside synthesis using glycosyl hydrolases.

Biotrans 2009, Bern, Switzerland, July 2009, (Oral 
presentation 6)

Börjesson P. Are biofuels better than fossil fuels 
for the reduction of climate change? Plantekongres, 
Herning, Denmark, Jan 2009 (Oral presentation)

Börjesson P. God or bad biofuels from a GHG per-
spective – what determine this? Beyond Kyoto, Århus, 
Denmark, March 2009 (Oral presentation)

Börjesson P. Bioenergi – hållbarhet, tillgång och 
konkurrens? NoBio Conference, Oslo, Norway, June 
2009 (Oral presentation)

Börjesson P. How sustainable are biofuels? World 
Bioenergy & Clean Vehicles and Fuels, Stockholm, 
Sweden, Sept 2009 (Oral presentation)

Börjesson P. Sustainable energy systems – effi  cient 
use of available biomass. High Level Meeting – Swed-
ish Presidency of the EU, Stockholm, Sweden, Sept 
2009 (Oral presentation)

Hatti-Kaul R. Biorefi neries - a path to sustainablil-
ity? Science Forum 2009, Wageningen, Th e Nether-
lands, June 2009 (Oral presentation and Article)

Hatti-Kaul R. Microbes and their enzymes as green 
catalysts. Association of Microbiologists India Confer-
ence, Pune, India, Dec 2009 (Oral presentation)

Hatti-Kaul R. Universiti Putra Malaysia (UPM) Se-
langor, Malaysia, May 2009 (Invited lecture)

Hatti-Kaul R. Universiti Teknologi Malaysia (UTM) 
Johor Bahru, Malaysia, May 2009 (Invited lecture)

Kroll K., Noack C., Turner P., Gräber M., Nord-
berg Karlsson E. Use of glycosyl hydrolases in the 
synthesis of alkyl glycosides. 8th Carbohydrate Bioen-
gineering, Ischia, Italy, May 2009 (Poster 72)

Modig G. Industrial biotechnology (in Sweden) 
from an innovation systems perspective. Cleantech 
Innovation 2009, DIME Workshop, Lahti, Finland, 
Oct 2009 (Oral presentation)

Nordberg Karlsson E. Glycoside hydrolases from 
extremophiles for sustainable processing or proc-
esses. SASM_Bio2Biz-meeting 2009, Durban, South 
Africa, Sept 2009 (Keynote speaker) 
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Nordberg Karlsson, E. Greenchem – speciality 
chemicals from renewable resources. JSPS colloquium, 
AlbaNova University Centre, KTH, Stockholm, Swe-
den, May 2009 (Invited lecture)

Nordberg Karlsson, E. Microbial glycoside hydro-
lases from extremophiles. Sweden/Japan Cellwall 
workshop, Stensnäs Conference Center, Stockholm, 
Sweden, May 2009 (Invited lecture)

Nordberg Karlsson, E. Chemicals and by-products 
from renewable resources. Graduate course “Process-
ing Biomass” (3 ECTS), Bioenergy graduate school, NL 
faculty, SLU, Uppsala, Sweden, Oct 2009 (Invited 
lecture)

Nordberg Karlsson E., Pozzo T., Khan S., Paul 
C.J., Svensson D., Lindahl S., Logan D.,  Turner, 
C., Adlercreutz P. Specifi city development of ther-
mostable β-glucosidases from Th ermotoga neapoli-
tana. CBM8, Ischia, Italy, May 2009 (Abstract and 
Poster)

Paul C.J.,  Rask E., Pozzo T., Sousa C., Nordberg 
Karlsson E. Expression and characterization of a 
GH 57 cyclodextrin glycosyltransferase from the 
hyperthermophilic archaeon, Archeoglobus fulgidus. 
CBM8 Ischia, Italy, May 2009 (Abstract and poster)

Stiba K., Hatti-Kaul R. Perhydrolysis acitivity of 
Candida antarctica lipase B. 14th European Congress 
on Biotechnology - SYMBIOSIS - Science, Industry 
and Society (ECB 14), Barcelona, Spain, Sept 2009 
(Poster)

Svensson D., Adlercreutz P. A Novel enzymatic 
method for the synthesis of long carbohydrate chain 
alkyl glycosides catalysed by cyclodextrin glycosyl 
transferase (CGTase). Biotrans 2009, Bern, Schweiz, 
July 2009 (Poster 136)

2008
Adlercreutz P. Biocatalysis for sustainable produc-
tion of surfactants and coatings. SusChem Eng-Con-
ference, Dortmund, Germany, Nov 2008 (Invited 
lecture) 

Ahlqvist, J. Greenchem - Industrial Biotechnology 
for environmental friendly and profi table produc-
tion of chemicals. Confederation of Swedish Enterprise 
(Svenskt Näringsliv), Stockholm, Sweden, Feb 2008 
(Invited lecture)

Börjesson P. Environmental systems analysis con-
cerning bioenergy from crops. Biotechnology for a 
Sustainable Development, Pune, India, Jan 2008 (In-
vited lecture)

Garcia-Lindgren C., Hatti-Kaul R., Mattiasson 
B., Skogman H.  Swedish developments in indus-
trial biotechnology. Th e World Congress on Industrial 
Biotechnology and Bioprocessing, Chicago, USA, April 
2008 (In panel)

Hatti-Kaul R. Evaluating the potential of biotech-
nology for production of speciality chemicals and 
polymers from renewable resources. Biotechnology 
for a Sustainable Development, Pune, India, Jan 2008 
(Invited lecture)

Hatti-Kaul R. Greenchem - A national programme 
for enzymatic production of industrial chemicals. 
Th e World Congress on Industrial Biotechnology and 
Bioprocessing, Chicago, USA, April 2008 (Oral pres-
entation)

Hatti-Kaul R. Industrial biotechnology for produc-
tion of chemicals and polymers. Technical University 
of Denmark, Lyngby, Denmark, Nov 2008 (Invited 
lecture)

Hatti-Kaul R. Using biocatalysis for synthesis of 
speciality chemicals. Symposium: Biocatalysis - Per-
spectives in White Biotechnology and Green Chemistry, 
Novozymes A/S, Bagsvaerd, Denmark, March 2008 
(Invited lecture)

Hatti-Kaul R. Utilization of renewable resources 
for production of chemicals and energy. INSTEC 
(Indian-Swedish Collaboration on Technical Research 
and Education) workshop on Sustainable Urban Devel-
opment and Environment Technology, Th e Energy and 
Resources Institute, Delhi, India, April 2008 (Invited 
lecture)

Hatti-Kaul R. Production of chemicals and poly-
mers from renewable feedstocks using industrial bi-
otechnology. International Seminar on Tropical Plant 
Biomass, University of Kerala, Trivandrum, India, Dec 
2008 (Invited lecture)

Holst, O. Biotechnology: the Technology of (Th e 
Past, Present and) the Future. Workshop – Biotechnol-
ogy for the 21st Century, King Fahd University of Pe-
troleum and Minerals, Dhahran, Saudi Arabia, April 
2008 (Invited lecture)
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Mattiasson B. Biogas from surplus biomass the op-
timal alternative/(ultimate solution)? Biotechnology 
for a Sustainable Development, Pune, India, Jan 2008 
(Invited lecture)

Mattiasson B. Biogas as a resource-effi  cient vehicle 
fuel. Th e World Congress on Industrial Biotechnology 
and Bioprocessing, Chicago, USA, April 2008 (In-
vited lecture)

Nordberg Karlsson E., Mamo G., Pozzo T., Hatti- 
Kaul R., Mchunu N., Permaul K., Singh S. Th er-
mostable xylanases for green processing or products. 
Extremophiles 2008, Capetown, South Africa, Sept 
2008 (Poster)

Orellana Coca C., Adlercreutz D., Hatti-Kaul R. 
Synthesis of esters with bio-lubricants applications. 
Biotechnology for Sustainable development, Pune, In-
dia, January 2008 (Poster award)

Pozzo T., Khan S., Logan D., Nordberg Karlsson 
E. Structural insights for use of thermostable glu-
cosidases as biocatalysts in environmental sustain-
able application. Extremophiles 2008, Capetown, 
South Africa, Sept 2008 (Poster)

2007
Nordberg Karlsson E., Turner P., Pozzo T., Sven-
sson D., Lundell A., Adlercreutz P., Logan D. 
Characterization and crystallisation of Th ermotoga 
neapolitana beta-glucosidase B (TnBgl3B), an en-
zyme suitable for synthesis of alkyl glucosides. 7th 
Carbohydrate Bioengineering Meeting, Braunschweig, 
Germany, April 2007 (Abstract and poster)

Pozzo T.,  Jangiam W., Rehn G., Adlercreutz P., 
Logan D., Nordberg Karlsson E. Rational design 
and evaluation of novel glucosynthases from ther-
mophilic glucosidases. Th ermophiles 2007, Bergen, 
Norway, Sept 2007 (Abstract and poster)

Tufvesson L. M. LCA of various industrial wood 
surface coatings. RadTech Europe 2007 Conference & 
Exhibition, Vienna, Austria, Nov 2007 (Poster and 
article)

Tufvesson P. Solvent-free enzymatic synthesis of 
fatty alkanolamides. Biotrans 2007, Oviedo, Spain, 

July 2007 (Poster)

2006
Adlercreutz P. Grön Kemi – Vad är det? Kemika-
liedagarna 2006, Swedish Plastics and Chemicals Fed-
eration, Tylösand, Sweden, Sept 2006 (Invited lec-
ture)

Ahlqvist J.  Energy Crops, Biogas Syd and Agellus, Es-
löv, Sweden, Dec 2006 (Invited lecture)

Hatti-Kaul R. Cairo University, Cairo, Egypt, Feb 
2006 (Invited lecture)  

Hatti-Kaul R. National Chemical Laboratory, Pune, 
India,  June 2006 (Invited lecture) 

Hatti-Kaul R. Bhabha Atomic Research Centre, 
Mumbai, India, July 2006 (Invited lecture) 

Hatti-Kaul R. Birla Institute of Technology & Sciences 
Goa Campus, Goa, India, July 2006 (Invited lecture) 

Hatti-Kaul R. Indian Institute of Technology Kanpur, 
Kanpur, India, July 2006 (Invited lecture)

Hatti-Kaul R.  Universidad Mayor de San Andrés, La 
Paz, Bolivia, Sept 2006  (Invited lecture) 

Hatti-Kaul R. Universidad Mayor de San Simón, 
Cochabamba, Bolivia, Sept 2006 (Invited lecture)

Hatti-Kaul R.  KILU dagen, Institute of Chemistry, 
Lund University, Lund, Sweden, Oct 2006 (Invited 
lecture)

Hatti-Kaul R. Seminar: Swedish Industrial Biotech-
nology – Today and Tomorrow, Malmö, Sweden, Nov 
2006 (Invited lecture)

Hatti-Kaul R., Orellana-Coca C., Törnvall U., 
Adlercreutz D., Mattiasson B. Lipase mediated 
production of epoxides and alkylepoxystearates. En-
vironmental Biocatalysis: From Remediation with En-
zymes to Novel Green Processes, Cordoba, Spain, April 
2006 (Poster)

Klintman M., Sjöström J. Th e chemical enteprise, 
the public, and the environment: toward a better 
chemistry? XVI ISA World Congress, Durban, South 
Africa, July 2006 (Poster and Abstract)

Lathi P.S., Mattiasson B. Green approach for the 
preparation of biodegradable lubricant base stock 
from epoxidised vegetable oil. 10th Annual Green 
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Chemistry & Engineering Conference: Designing for a 
Sustainable Future: Resources & Renewables, Wash-
ington DC, USA, June 2006 (Oral presentation) 

Lathi P.S., Mattiasson B. Biodegradable lubricant 
base stock from epoxidised vegetable oil. Gordon Re-
search Conference, Oxford, UK, Aug 2006 (Poster)

Mattiasson B. Oil Crops Seminar at Swedish Uni-
versity of Agricultural Sciences, Alnarp, Sweden Nov 
2006 (Invited lecture) 

Nordberg Karlsson E., Turner P., Svensson D., 
Logan D., Adlercreutz P. Use and development 
of ß-glucosidases from Th ermotoga neapolitana, for 
alkyl-glycoside production. International Congress on 
Biocatalysis, Hamburg, Germany, Sept 2006 (Poster)

Nordberg Karlsson E., Turner P., Svensson D., 
Logan D., Adlercreutz P. Use of a novel variant of 
Th ermotoga neapolitana ß-glucosidase B for the syn-
thesis of alkyl glucosides by transglycosylation. Ex-
tremophiles 2006, Brest, France, Sept 2006 (Poster)

Petersson A. Wax esters produced by solvent-free 
energy-effi  cient enzymatic synthesis and their ap-
plicability as wood coatings. World Conference and 
Exhibition on Oilseed and Vegetable Oil Utilization, 
Istanbul, Turkey, Aug 2006 (Oral presentation)

Törnvall U., Adlercreutz D., Hatti-Kaul R. Fatty 
epoxides produced with industrial biotechnology. 
World Conference and Exhibition on Oilseed and Veg-
etable Oil Utilization, Istanbul, Aug 2006 (Poster)

2005
Andersson E. Greenchem – Speciality Chemicals 
from Renewable Resources. Sustainable Chemistry & 
Biotechnology, Ostritz/St. Marienthal, Germany and 
Wroclaw, Poland. Feb 2005 (Poster)

Hatti-Kaul R. Greenchem: production of “green” 
chemicals using robust biocatalysts. Th e 2nd An-
nual World Congress on Industrial Biotechnology and 
Bioprocessing, Orlando, Florida, USA, April 2005 
(Poster)

Larsson J., Svensson D., Adlercreutz P. α-Amylase 
catalysed synthesis of alkyl glycosides. 6th Carbohy-
drate Bioengineering Meeting, Barcelona, Spain, April 
2005 (Poster)

Orellana-Coca C., Törnvall U., Adlercreutz D., 
Mattiasson B., Hatti-Kaul R. Chemoenzymatic 
epoxidation of oleic acid and methyl oleate in sol-

vent-free medium. Relatenz 2005, the International 
Conference on Enzyme Technology, Havana, Cuba 
Sept 2005 (Poster)

Turner P., Svensson D., Adlercreutz P., Nordberg 
Karlsson E. Alkyl glycoside synthesis catalyzed by 
beta-glucosidases from Th ermotoga neapolitana. 6th 

Carbohydrate Bioengineering Meeting, Barcelona, 
Spain April 2005 (Poster)

Turner P., Svensson D., Adlercreutz P., Nordberg 
Karlsson E. Alkyl glycoside synthesis catalyzed by 
beta-glucosidases from Th ermotoga neapolitana. Bio-
catalysis, Mechanisms and Bioprocesses, Manchester, 
UK, Nov 2005 (Poster)

2004
Petersson A., Nordblad M.,  Adlercreutz P., Mat-
tiasson B. Enzymatic wax ester synthesis. Summer 
School on Green Chemistry, Venice, Italy, Sept 2004 
(Poster) 

Svensson D., Turner P., Nordberg Karlsson E., 
Adlercreutz P. Biosynthesis of alkyl glycosides for 
use as surfactants. Th e 8th European Training Course 
on Carbohydrates, Wageningen, Th e Netherlands, 
June 2004 (Poster)

Svensson D., Turner P., Nordberg Karlsson E., 
Adlercreutz P. Biosynthesis of alkyl glycosides for 
use as surfactants. Summer School on Green Chemistry, 
Venice, Italy, Sept 2004 (Poster) 

Tufvesson P., Adlercreutz D., Lundmark S., Hat-
ti-Kaul R. Chemo-enzymatic epoxidation of allyl 
ethers. Summer School on Green Chemistry, Venice, 
Italy, Sept 2004 (Poster) 

Törnvall U., Adlercreutz D., Martinez A., Hatti-
Kaul R. Screening for lipases performing chemo-
enzymatic epoxidation. Summer School on Green 
Chemistry, Venice, Italy, Sept 2004 (Poster) 

Master Theses
Published 2010
Nuszkiewicz K. (2010) Lipase-catalyzed synthesis 
of six-membered cyclic carbonate. Department of 
Biotechnology, Lund University, Sweden

Published 2009
Melin Fürst C. (2009) Exploring the oxidative inac-
tivation of lipase B from Candida antarctica. Depart-
ment of Biotechnology, Lund University, Sweden
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Rask E. (2009) Exchanging rare codons in the 5’-
end of the Archaeoglobus fulgidus cyclodextrin glu-
canotransferase gene aff ects expression in Escherichia 
coli. Department of Biotechnology, Lund University, 
Sweden

Published 2008
Carvalho J. (2008) Economical and operational op-
timization of CALB immobilization on MP1000 
for amidation of olein fatty acids with ethanolamine. 
Department of Biotechnology, Lund University, Swe-
den

Kujawa S. (2008) Synthesis of esters for biolubri-
cant applications. Department of Biotechnology, Lund 
University, Sweden

Noack C. (2008) Development of enzymatic assays 
for the characterization of the acceptor specifi city of 
thermostable β – glucosidases. Department of Bio-
technology, Lund University, Sweden

Severiano A. (2008) Chemo-enzymatic epoxida-
tion of rapeseed methyl esters: Parameters infl uenc-
ing the reaction and enzyme stability. Department of 
Biotechnology, Lund University, Sweden

Sousa C. (2008) Expression of a novel thermostable 
CGTase of Archaeal origin. Department of Biotech-
nology, Lund University, Sweden

Published 2007
Kroll K. (2007) Characterization of thermostable 
beta-glucosidase TnBglB and evaluation of possi-
bilities in transglycosylation reactions. Department of 
Biotechnology, Lund University, Sweden

Rehn G. (2007) Production of long-chain alkyl glu-
cosides by enzymatic synthesis in two steps. Depart-
ment of Biotechnology, Lund University, Sweden

Published 2006
Amadi E.I. (2006) Optimization of chemo-enzy-
matic epoxidation of allyl ethers. Department of Bio-
technology, Lund University, Sweden

Badenes S. (2006) Chemo-enzymatic epoxidation 
of oils. Department of Biotechnology, Lund University, 
Sweden

Cui Y. (2006) Site-directed mutagenesis of a cyclo-
maltodextrinase of thermophilic origin, and evalu-
ation of the eff ect on hydrolytic and transglyco-
sylating activity. Department of Biotechnology, Lund 
University, Sweden

Ekwe E. (2006) Site-directed mutagenesis of ß-glu-
cosidase-A from Th ermotoga neapolitana (TnBglA) 
for alkylglycoside synthesis. Department of Biotech-
nology, Lund University, Sweden

Gräber M. (2006) A novel direct screening method 
for evaluation of alkyl glucoside producing ß-glu-
cosidases. Department of Biotechnology, Lund Univer-
sity, Sweden

Pohl E., Prahl M. (2006) Enzymatic production of 
polyester acrylates. Department of Biotechnology, Lund 
University, Sweden 

Rundbäck F. (2006) Reaction conditions for produc-
tion of alkyl glucosides by reversed hydrolysis using 
BglB from Th ermotoga neapolitana in a two-phase 
system. Department of Biotechnology, Lund Univer-
sity, Sweden

Published 2005
Correia A.M. (2005) Immobilization of Candida 
antarctica lipase B. Department of Biotechnology, Lund 
University, Sweden and  Instituto Superior Tecnico, 
Lisbon, Portugal

Megyeri M. (2005) Molecular design of a ther-
mostable β-glucosidase originating from Th ermotoga 
neapolitana for alkyl glycoside synthesis applications. 
Department of Biotechnology, Lund University, Sweden  
and  Budapest University of Technology and Economics, 
Hungary

Sjunnesson J. (2005) Life cycle assessment of con-
crete. Department of Environmental and Energy Sys-
tems Studies, Lund University, Sweden

Published 2004
Larsson C. (2004) Two β-glucosidases from Th er-
motoga neapolitana. Evaluation of the possibility to 
perform transglycosylation reactions in vitro. De-
partment of Biotechnology, Lund University, Sweden

Holtkamp A. (2004) Enzymatic production of sug-
ar fatty acid esters. Department of Biotechnology, Lund 
University, Sweden  and Institut für Biochemie und 
Biotechnologie, Technische Universität Braunschweig, 
Germany

Larsson J. (2004) α-Amylase catalysed synthesis of 
alkyl glycosides. Department of Biotechnology, Lund 
University, Sweden
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Published  2010
Do not loose the headstart in industrial biotech-
nology. Original title: Debatt: Slösa inte bort för-
språnget i industriell bioteknik, Dagens industri 
(www.di.se) Oct 21, 2010

Industrial biotechnology is the way forward. Orig-
inal title: Industriell bioteknik är vägen framåt, Mis-
tra Newsletter No. 8, 2010

Industrial biotechnology attracted many. Orginal 
title: Industriell bioteknik lockade många, Mistra 
Newsletter No. 10, 2010

Declining oil reserves provide golden opportunity  
for the industry. Original title: Sinande oljereserver 
ger industrin guldläge, Miljö och utveckling (http://
www.miljo-utveckling.se) Nov 2, 2010

Declining oil reserves golden opportunity for the 
Swedish industry. Original title: Sinande oljereserv-
er guldläge för svensk industri, Nov 2, 2010, LTH 
pressrelease (www.lth.se); Forskning.se (http://www.
forskning.se); Ekosidan.se (http://ekosidan.wordpress.
com); Webfi nanser (http://www.webfi nanser.com); In-
dustrinyheter (http://www.industrinyheter.se) 

Declining oil reserves golden opportunity for the 
forest industry. Original title: Sinande oljereserver 
guldläge för skogsindustrin, Nordisk Papperstidning 
(http://www.papernet.se) Nov 2, 2010

Published  2009
Green biotechnology attracts investors. Original 
title: Grön bioteknik lockar fi nansiärer, Interview 
with Rajni Hatti-Kaul, LUM No. 2, 2009

Biotechnology for a better environment. Universi-
tas 21 Newsletter Issue 14, March 2009

Finally things have started to happen. Original ti-
tle: Äntligen börjar det hända någonting, A chronicle 
by Harald Skogman, Kemivärlden Biotech med Kemisk 
Tidskrift No. 5, May 2009

Almedalen new arena for Mistra. Original title: 
Almedalen ny arena för Mistra, Mistra Newsletter 
No. 5, 2009

Hard times for green chemistry. Original title: 
Trögt för grön kemi, Interview with Rajni Hatti-
Kaul, Jakob Hansen och Pär Tufvesson, Kemivärlden 
Biotech med Kemisk Tidskrift No. 10, 2009

Published  2008
“For innovations to happen, one needs to put 
money into needs-driven research”, Interview with 
Prof. Rajni Hatti-Kaul, Chemical Weekly, India No. 4, 
March 2008

“We are focused on becoming a speciality life-sci-
ences company”, Interview with Dr. Colja Laane
Chemical Weekly, India No. 4, March 2008

Increased demand for green chemistry in India. 
Original title: Stort intresse för grön kemi i Indien,
Mistra Newsletter No. 2, 2008

Greenchem in Chicago. Original title: Greenchem 
i Chicago, Mistra Newsletter No. 7, 2008

New support for industrial biotechnology. Origi-
nal title: Nytt stöd till industriell bioteknik, Mistra 
Newsletter No. 8, 2008

Advantage Environment - Th e environmental 
benefi ts of new products. Original title: Miljönytta - 
Produkter och tjänster som bidrar till en bättre miljö, 
Book published by Confederation of Swedish Enterprise 
(Svenskt Näringsliv) Published in Swedish in 2008. 
An English editition was published in 2009 and a 
Chinese edition will be published in 2011.

Published  2007
Paradigm shift in the world of chemistry. Original 
title: Systemskifte i kemivärlden, Miljö och utveckling 
(http://www.miljo-utveckling.se) No.1, Jan 2007

Makes way for biodegradable chemicals. Original 
title: Banar väg för biologiskt nedbrytbara kemika-
lier, Miljö och utveckling (http://www.miljo-utveck-
ling.se) No. 1, Jan 2007

Th e Greenchem programme - environmentally be-
nign ingredients for the coating industy, RadTech 
NEWS No. 3, Oct 2007

Greenchem in Media



Greenchem Final Report   31

Only imagination sets boundaries. Original title: 
Bara fantasin sätter gränser, Naturvetaren No. 10, 
2007

Swedish industry bides its time with interest. Orig-
inal title: Svensk industri: Avvaktande men intresse-
rad hållning, Naturvetaren No. 10, 2007

Industrial Biotechnology and Green Chemistry 
from a Life Cycle Perspective, European Commis-
sion DG Environment News Alert Service (http://
ec.europa.eu/environment/integration/research/new-
salert) Oct 11, 2007

Published  2006
Produce ethanol and biogas in the same process. 
Original title: Tillverka etanol och biogas i samma 
process, Column by Bo Mattiasson in Miljö och utveck-
ling (http://www.miljo-utveckling.se) No. 2, May 
2006

Green processes with Greenchem. Original title: 
Gröna processer med Greenchem, Interview with 
Annika Karlsson, Axplock (Newsletter from Akzo No-
bel) No. 5, 2006

Green chemistry gives results. Original title: Grön 
kemi ger resultat, Interview with Glenn Svensson, 
Stefan Ulvenlund and Erik Andersson, Process Nordic 
No. 5, 2006

Slumbering chemical production can be roused 
to a green life. Original title: Slumrande kemika-
lieproduktion kan väckas till ett grönt liv, Interview 
with Harald Skogman, Biotech Sweden No. 9, Oct 
2006

Establishing a stakeholders group - a new initia-
tive within Inudstrial Biotechnology. Original ti-
tle: Bildande av aktörsgrupp – nytt initiativ inom in-
dustriell Bioteknik, Report from the seminar ‘Swedish 
Industrial Biotechnology – today and tomorrow’, 
Bioteknik (Bioteknik, Newsletter from SIK) No. 4, Dec 
2006

Greenchem is approaching industrial scale. Origi-
nal title: Greenchem närmar sig industriell skala, In-
terview with Josefi n Ahlqvist, Mistra Newsletter  No. 
5, Oct 2006

Can agriculture replace the oil? Original title: Kan  
jordbruket ersätta oljan? Interview with Pål Börjes-
son, LTH-Nytt  No. 2, 2006

Success for green chemistry. Original title: Succé 
för grön kemi, Interview with Rajni Hatti-Kaul, 
LTH-Nytt, No. 2, 2006

More knowledge in a smaller world. Original title: 
Mer vetande i en mindre värld, Interview with Rajni 
Hatti-Kaul in Vetandets värld, Swedish Radio P1, Nov 
14, 2006

Published  2005
Industry puts researchers on the right track. Origi-
nal title: Näringslivet sätter forskare på rätt spår,
Miljöaktuellt No. 1, Feb 2005

Seminar with focus on industrial biotechnology. 
Original title: Seminarium med fokus på industri-
ell bioteknik, (Bioteknik, Newsletter from SIK),No. 2, 
May 2005

Chemistry getting more green. Original title: 
Kemin blir grönare,  by Jesper Sjöström in  Kemivärlden 
med kemisk tidskrift No. 6, 2005

Paradigm shift in the world of chemistry. Original 
title: Systemskifte inom kemivärlden, Mistra News-
letter No. 4, Sept 2005

Use more white biotechnology in the industry! 
Original title: Använd mer vit bioteknik i industrin! 
By Harald Skogman in Kemivärlden Biotech No. 7/8, 
2005

Green chemist.  Original title: Grön kemist,
Interview with Rajni Hatti-Kaul, Kemivärlden med 
kemisk tidskrift No. 9, 2005

Green chemistry - not new for Perstorp. Original 
title: Grön kemi - inget nytt begrepp för Perstorp, 
Bioteknik, Newsletter from SIK No. 3, Sept 2005

IKEA paints with tamed bacteria. Original title: 
IKEA målar med tämjda bakterier, Dagens miljö No. 
9, 2005

Th e green chemistry. Original title: Den gröna 
kemin, Teknik & Vetenskap No. 5, 2005

Environmentally friendly wax for coating. Original 
title: Miljövänligt ytbehandlingsvax, Mistra Newslet-
ter No. 6, Dec 2005
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A more environmentally friendly industry with 
biotechnology. Original title: Industrin ska bli mer 
miljövänlig med hjälp av bioteknik, Vetandets värld, 
Swedish Radio P1, Sept 20, 2005

Published  2004
Tough bacteria create friendly chemicals. Original 
title: Tuff a bakterier skapar snälla kemikalier, Ny te-
knik, Jan 21, 2004

More environmentally friendly chemistry on the 
horizon. Original title: Miljövänligare kemi på väg, 
Skånska Dagbladet Jan 28, 2004

Bacteria in the service of industry. Original title: 
Bakterier i industrins tjänst, Process Nordic No. 2, 
2004

Green chemicals create new niche for agriculture. 
Original title: Gröna kemikalier skapar ny nisch för 
lantbruket, Lantbrukets aff ärer No. 10, Oct 2004

Green chemistry has started well. Original title: 
Grön kemi har kommit igång bra, LUM No. 9, Nov 
2004

Green chemistry – the start of a more interesting 
chemistry. Original title: Grön kemi - början på en 
intressantare kemi, LTH-nytt No. 4, Dec 2004

Green chemicals, chemicals of the future. Origi-
nal title: Gröna kemikalier, framtidens kemikalier, 
Vetandets värld, Swedish Radio P1 Dec 13, 2004

Published  2003
Sweden will use green chemistry Original title: 
Sverige vil lave grøn kemi, Ingeniøren (Denmark) No. 
24, June 2003 

Environmental friendly chemicals will be created.
Original title: Miljövänliga kemikalier ska skapas, 
Sydsvenska dagbladet June 14, 2003 

34 million for green chemistry. Original title: 34 
miljoner till grön kemi, Skånska dagbladet June 14, 
2003 

Cultivated bacteria can become green chemical. 
Original title: Avlad bakterie kan bli grön kemikalie, 
Ny Teknik  June 18, 2003 

Environmental project gets 34 million. Original 
title: Miljöprojekt får 34 miljoner, LUM Aug 29, 
2003 

Super enzymes give mild chemicals. Original title: 
Superenzymer ger milda kemikalier, Kemivärlden 
med Kemisk tidskrift No. 8, 2003 

Super enzymes give mild chemicals.  Original title: 
Superenzymer ger milda kemikalier, Allkemi No 2, 
2003 

34 million for green chemicals. Original title: 34 
miljoner till gröna kemikalier, Teknik&Vetenskap No. 
4, 2003 

34 million for Greenchem. Original title: 34 mil-
joner till Greenchem, LTH-nytt No. 3, Oct 2003  

News report Sydnytt, Swedish Television, Reporter: 
Marie Granmar July 9, 2003 

Photo: Chairman Patrick Adlercreutz gives 
a lecture at the symposium “Efficient Bio-
catalytic Routes for Selective Introduction 
of Oxygen”, Nov. 6, Malmö, Sweden
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Industrial Biotechnology - A Platform for 
Sustainable Growth in Sweden
Greenchem fi nal conference aiming to reach scien-
tists, politicians as well as the general public. 
Date and place: Nov 2010, Lund City Hall, Lund, 
Sweden

Industrial Biotechnology – Creating a Paradigm 
Shift for the Production of Chemicals 
A Greenchem seminar in combination with the 
Greenchem annual autumn meeting. Th e seminar 
was also sponsored by Swedish Research Council.
Date and place: Oct 2008, S:t Gertrud Conference,  
Malmö, Sweden

Swedish Developments in Industrial 
Biotechnology
Greenchem hosted one of the parallel sessions dur-
ing Th e World Congress on Industrial Biotechnology 
and Bioprocessing. 
Date and place: April 2008, Chicago, USA

Biotechnology for Sustainable Development 
- Green Chemicals and Materials, Biorefi nery, 
Bioenergy, Clean Water
Th e conference was arranged by Greenchem to-
gether with Mistra, Lund University and National 
Chemical Laboratory, Pune, India 
Date and place: Jan 2008, Pune, India  

Conferences and Seminars 
arranged by Greenchem

Bulk Chemicals by Industrial Biotechnology, 
Environmental and Economic aspects
A Greenchem seminar by Assoc. Prof. Dr. Martin 
Patel, Department of Science, Technology and So-
ciety, Utrecht University, Th e Netherlands. 
Date and place: Nov 2006, Environmental and En-
ergy Systems Studies, Lund University, Sweden

Swedish Industrial Biotechnology - Today and 
Tomorrow
A BioteknikForum seminar in cooperation with 
Greenchem. 
Date and place: Nov 2006, Elite Savoy Hotel, 
Malmö, Sweden 

Effi  cient Biocatalytic Routes for Selective Intro-
duction of Oxygen
A highly specifi c Greenchem symposium with 
international speakers supported by Mistra and 
Swedish Research Council. 
Date and place: Nov 2006, Elite Savoy Hotel, 
Malmö, Sweden

Green Chemicals
Greenchem hosted one of the parallel sessions dur-
ing Sustainable Innovation Fair. 
Date and place: Nov 2006, Skandinvium, Göteborg, 
Sweden

Top photos: (Left) Chairman Bo Mattia-
son prepare for the next speaker, Torb-
jörn Brorson at a parallel session “Green 
Chemicals”, Sustainable Innovation Fair, 
Nov 2006, Göteborg, Sweden. (Right) 
Cecilia Orellana Coca in front of her 
prize winning poster at the conference 
“Biotechnology for Sustainable Develop-
ment“, Jan 2008, Pune, India.

Photo: Panel discussion with Gui-
do Zacchi, Patrick Adlercreutz, 
Karl Hult, Jens Nielsen, Rajni Hatti 
Kaul and Lars Coenen at Green-
chem final conference “Industrial 
Biotechnology - A Platform for 
Sustainable Growth in Sweden”, 
Nov 2010, Lund, Sweden. 
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Greenchem Members and 
Organisation

Lund University
Department of 
Biotechnology
Dietlind Adlercreutz, Postdoc
Patrick Adlercreutz, Project leader
Josefi n Ahlqvist, Programme secretary
Erik Andersson, Programme secretary
Rawana Al-Khalili, PhD student
Elin Brun, Project worker
Ana Correia, Project worker
Anna Hagström (nee Petersson), PhD student
Rajni Hatti-Kaul, Programme director
/Project leader
Olle Holst, Project leader
Andrea Holtkamp, Master student
Witwat Jangiam, guest student
Sangita Kasture, Postdoc
Camilla Larsson, Master student
Julia Larsson, Master student
Piyush Lathi, Postdoc
Suzanne Leth, Project worker
Javier Linarés-Pastén, Postdoc
Pontus Lundemo, Project worker
Gashaw Mamo, Postdoc
Alejandra Martinez, Postdoc
Bo Mattiasson, Project leader
Marton Megyeri, Master student
Eva Nordberg Karlsson, Project leader
Mathias Nordblad, PhD student
Cecilia Orellana Coca, PhD student, Postdoc
Catherine Paul, Guest researcher
Fatima Plieva, Senior researcher
Tania Pozzo, PhD student
Sang-Hyun Pyo, Postdoc
Santosh Ramchuran, PhD student
Gustav Rehn, Project worker
Anna Rosenquist, Programme secretary
Fabian Rundbäck, Project worker
Deepti Sahoo, PhD student
Konstanze Stiba, Postdoc
David Svensson, PhD student
Pär Tufvesson, PhD student
Pernilla Turner, PhD student
Ulrika Törnvall,  PhD student

Shailly Varma, Postdoc
Christina Wennerberg, Project worker
Daniela Zehentgruber, Postdoc

Environmental and System Studies
Pål Börjesson, Project leader
Anna Ekman,  PhD student
Linda Tufvesson (nee Gustafsson), PhD student
Gunnar Modig, Senior Resrearcher
Lars J. Nilsson, Project leader

Research Policy Institute
Beatrice Bengtsson, Project worker
Mats Benner, Project leader
Mikael Klintman, Postdoc
Prasada Reddy, Postdoc
Jesper Sjöström, Postdoc

Associated Researchers - CIRCLE
Centre for Innovation, Research and
Competence in the Learning Economy
Lars Coenen, Senior researcher
Jerker Moodysson, Senior researcher

Devenz
Company owned by 
Greenchem academic 
researchers and LUAB

Industrial Partners
AarhusKarlshamn, AAK
Erik Dahlin
Ulf Hansson
Magnus Jörsmo
Stefan Karlsson
Merja Lämsä
Christer Martinsson

ACO HUD NORDIC
Johanna Brinck
Marie Lodén
Torbjörn Wärnheim
Ulf Åkerström
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Akzo Nobel Industrial Coatings
Jakob Hansen
Stefan Jeppson
Kerstin Lindell
Joachim Ronnermark 
Glenn Svensson

Akzo Nobel Surface Chemistry
Staff an Asplund
Ingegärd Johansson
Annika Karlsson (Annerling)
Eva Österberg

AstraZeneca
Katarina Ekelund
Stefan Ulvenlund

IKEA of Sweden
Gunilla Clancy
Annelise Larsen
Ralph Nussbaum

Perstorp
Adrian Harden
Stefan Lundmark
Mircea Manea
Per Persson
Daniel Röme

Protista International
Hans Jungvid
Maria Viloria Cols

Programme 
Administrator
Mistra
Britt Marie Bertilsson

Programe Secretaries
Josefi n Ahlqvist
Erik Andersson
Anna Rosenquist 

Programme Host
Lund University 

Programme Director
Rajni Hatti-Kaul 

Greenchem Board
Torbjörn Brorson
Kerstin Gustafsson
Karl Hult
Rolf Lantz
Kirsti Siirala
Harald Skogman
Agne Svanberg 

Programe Management 
Group
Patrick Adlercreutz
Mats Benner
Pål Börjesson
Rajni Hatti-Kaul
Olle Holst
Bo Mattiasson
Lars J. Nilsson
Eva Nordberg Karlsson

Industrial Group 
Chairpersons
Johanna Brinck
Ralph Nussbaum 

AMG-Group Chairpersons
Johanna Brinck, Biosurfactants
Jakob Hansen, Coating and Lubricants
Stefan Ulvenlund, Biosurfactants

Greenchem organisation  
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Contact information
www.greenchem.lu.se 

E-mail: greenchem@biotek.lu.se

Speciality Chemicals from Renewable Resources

Greenchem
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Editor and layout: Josefin Ahlqvist. Printing: Malmötryckarna, 2011.

Research with practical benefits

Th e Swedish Foundation for Strategic En-
vironmental Research – Mistra - supports 
research of strategic importance for a good 
living environment and sustainable devel-
opment. 

It invests in research groups who, working 
alongside users, are able to contribute to 
solving major environmental problems. 

Mistra’s programmes cut across disciplinary 
boundaries, and the results are intended to 
fi nd practical applications in companies, 
public agencies and non-governmental or-
ganizations. 

Mistra provides funding for some twenty 
major programmes, each extending over six 
to eight years. All of them have the aim of 
building bridges, both between disciplines 
and between researchers and users. 

Th e Foundation’s strategy is to seek to 
ensure that its funds produce a threefold 
return: strong research environments that 
create value for users, asset management in 
support of sustainable development, and 
active communication to make the results 
known.

Further information can be found on 
Mistra´s web site: www.mistra.org.


