Technical University of Denmark

—,
_,.r". { i
e

thdyd obod Sttt Ad

_..-

——
"L'I.::i'n_“

§

L

ey
r i
4 I L]
W L LI"'-F‘.'
F foe
- A

Annual Report 2005

Department of Chemical Engineering



May 2006
ISBN 87-91435-32-3

Seltofts Plads, Building 229
DK-2800 Kgs. Lyngby, Denmark

www.kt.dtu.dk

May Brandt - mb@kt.dtu.dk

Erik Kjeer Larsen — ekl@kt.dtu.dk

Gross Design & Kommunikation

www.gross.dk

Centertryk

Klaus Holsting




Contents

Annual Review
4 Head of Department - an exciting challenge
6 Highlights 2005

Education

12 Balancing research and education in a rapidly
changing environment

14 Seeing the invisible through pure math

Research & Innovation
18 When science means business

20 Exploring the healing properties of polymers

Organization

24 CHEC

26 IVGSEP
28 CAPEC
30 DPC.DTU
32 Aerosol

34 BioChemical Engineering
36 Technical Support & Administration

Productivity & Staff

40 Key figures

41 Productivity

42  Education

44  Publications

53 Organization chart
54  Advisory Board

54  Student Committee
55  Staff

59 Ph.D.s completed
60 The faculty

Useful Information
64  Guide to the Department






Annual Review




Kim Dam-Johansen,
Professor, Head of
Department

Head of Department - an exciting challenge

To the Department of Chemical Engineering the

year 2005 has been marked by opportunities, major
challenges and significant results in several areas:

World class faculty

The faculty of the Department of Chemical Engineering
are among the world’s leading academic researchers

in their field — with a substantial scientific production.
Research carried out is supervised by one or several
faculty member(s) and is supported by a team of gifted
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scientists, technicians and administrative officers. In
2005 more than 100 scientific articles and one mono-
graph were published, and several patent applications
were delivered.

Practice-based and relevance to industry

Our strong relations to international companies and
small and medium sized companies in Denmark allows
us to be on the cutting-edge of business evolution. In
2005, the first Advisory Board of the Department of
Chemical Engineering was established with executive
members from Danish industry. The board’s most
important objective is to ensure the positive develop-
ment of our Department through valuable exchange
of knowledge and ideas.

Working with real business situations is reflected in all
our educational programs, thus giving direct benefit
to students. In 2005, the following five new educa-
tional programs were initiated and planned by DTU

in cooperation with the Department:

* Master in Advanced and Applied Chemistry

* Master in Chemical and Biochemical
Engineering

* Bachelorin Health and Production

* Bachelorin Technology and Economy

* Master in Process Analytical Technology (PAT) in
cooperation with BioCentrum and KVL

Practice-based and relevance to industry are two
essential elements of the research and education of the
Department of Chemical Engineering. A wide range of
industrial partners participate in our research activities
and in the support of our graduate schools:



* Graduate School of Chemical Engineering: “ Mole-
cular Product and Process Technology” — (MP,T)

* Nordic Graduate School of Biofuel Science and
Technology

* Graduate School of Polymer Science

* Novozymes Bioprocess Academy

Modern infrastructure

An inspiring work environment and modern infrastruc-
ture are preconditions for our continued results and
competitiveness. In 2005 the long planned renovation
of the Departments buildings and laboratories was
initiated. The renovation is finished in summer 2006

and includes:

» A completely new student area with an innovation
laboratory, pc room, study room and library.

* Modern research laboratories - including
gene-classified laboratories.

* Attractive meeting rooms, flexible work stations,
and new public areas - including a lounge where
the staff can meet colleagues.

An exciting challenge

The positive development of our environment and
society depends on the technical sciences. In the
coming years it will be an exciting challenge for us to
fulfil the many goals and live up to the high
expectations set from society.

Our many achievements in 2005 derive from the strong
dedication and commitment of our scientific and pro-
fessional staff — and in our long-term relationships with
our partners in Danish society and industry.
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I wish to thank the remarkable people and partners of the
Department of Chemical Engineering for outstanding
results, good cooperation and positive team spirit through
2005 - and I am looking forward for the years ahead.

I wish you all a pleasant reading

Soms Dl foho .

Kim Dam-Johanse
Head of Department
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The Leader Team.
(From the top,

left to right):

Erling H. Stenby,
May Brandt,

Ole Hassager,
Hans Livbjerg,

Kim Dam-Johansen
and Rafiqul Gani




1+2. The Department meeting and the Christmas Party took place at Comwell in Roskilde in December 2005

Highlights 2005

14 January - 13 July

Professor Eduardo Agosin from Pontificia Universidad
Catolica de Chile, Santiago, Chile visited the Department
and gave a Ph.D. course in Wine Production. The stay
was financed by the Mgnsted’s Fond

23 January
The Ph.D. Graduate Year Book 2005 and a special
Edition of "Dansk Kemi” were distributed among our

many contacts

24-25 January
The annual 2-day meeting of the faculty took place in
Rolighed, Skodsborg

24 February

Kim Vestergaard Pedersen was awarded the BES prize
for the best exam project in 2004 within the area

of ‘thermal conversion of fuels’. Kim Vestergaard
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Petersen’s M.Sc. project was carried out in the CHEC
Centre with Associate Professor Anker Degn Jensen
and Professor Kim Dam-Johansen as supervisors. The
project was initiated and completed in cooperation
with Energi E2 A/S and Elsam A/S. The title is ‘Applica-
tion of fly ash in concrete’

15 March

The Department hosted an Industrial Contact meet-
ing in cooperation with the Embassy of Chile. To this
meeting special guests from industry were invited.
Head of Department Kim Dam-Johansen presented
new aspects of researc and education at the Depart-
ment of Chemical Engineering. The Ambassador of
Chile, Mr. H.E. Jaime Lagos talked about “Chile: a land
of contrasts”, and Professor Eduardo Agosin gave a
speech about wine production in Chile. The meeting
was followed by wine tasting and a buffet

4 April
The CHEC research centre hosted its Annual Meeting
at DTU together with more than 80 invited guests

from partner companies and sponsors



» Projucts related 1o food engineering funded
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1+2. Kim Dam-Johansen presents "Plan af Action 2006” at the Department meeting at Comwell in Roskilde in December 2005

19 April

Departmental Seminar: Johannes Wesselingh, guest
professor at the Department held a very humorous
seminar on the subject, “The evolution of my book-
shelf”

10 May

Departmental Seminar by Associate Professor Tue
Johannessen on the subject, “Setting new standards
for efficient and safe hydrogen storage - from applied
research to company founding”

10 May
The first General Meeting of the KT’s Staff Club
took place

25-27 May

The IVGSEP Annual Discussion Meeting 2005 took
place as a 3-day seminar in Roskilde. Many of the 22
Consortium members as well as potential future mem-
bers were represented. Besides presentations from the
IVGSEP coworkers, three industrial presentations from

SQM (Chile), Akzo Nobel (The Netherlands), and Baker
Petrolite (USA) gave inspiration to the further work in
the centre

27 May

Departmental Seminar by Professor G.V. Rex Reklaitis
from Purdue University on the subject, "Enterprise-
wide Decision Support Systems”

8-9 June

CAPEC hosted its Annual Meeting in Hotel Frederiksdal
in Lyngby where the current activities and latest
research were put into perspective with a group of
invited guests from partner companies

10 June

Departmental Seminar by Professor John P. O’Connell
from University of Virginia on the subject, “Fundamen-
tals, experiments, modelling, and mesoscale simula-
tion to characterize hydrophobic chromatography of
peptides and proteins”
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1. Professor John Villadsen was awarded the "M.M. Sharma-medal” from the Indian Institute of Chemical Engineers for "a major break-through within Chemical

and Biochemical-technology” 2. Bendt Bendtsen, Minister of Economic and Business Affairs paid a visit to our Pilot facility in building 228. Seen with rector of DTU
Lars Pallesen, Head of Department Kim Dam-Johansen, chairman of the DTU Board Mogens Bundgaard Nielsen (foto: Bo Jarner)

15 June
The Departmental Meeting took place in Building 101 at
DTU. Presentation of "The Strategic Plan UMV 2006-09”

17 June

Departmental Seminar by Professor Klavs F. Jensen from
Massachusetts Institute of Technology, Boston, US on the
subject, “Chemical and Biological Microfluidic Systems”

20 June
Bendt Bendtsen, Minister of Trade and Industry paid a
visit to our pilot facility in building 228

August

A preliminary edition of the book: "Innovate! -

design (bio-)chemical, food and pharma products”

- was published and now used in the course “Chemical
and Biochemical Product Design”. The authors are J.A.
Wesselingh, Seren Kiil, and Martin E. Vigild
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8-25 August

The IVGSEP Ph.D. Summer School was successful
with 20 international participants. During the first
two weeks a busy program of lectures and exercises
was executed and during the third week the students
completed project work

28 August

Departmental seminar by Hans Jorgen Helms, Honorary
Director General of the European Commission, who gave
an inspiring lecture about the “EU Research Activities”
for an interested number of researchers and employees

30 August
A group of employees (35 persons) participated in the
DHL-baton

31 August

Departmental Seminar by Professor Elizabeth Haslbeck
from Naval Surace Warfare Centre, USA on the subject
"Antifouling Coating Systems - Diverse Related Topics
(with an emphasis on understanding coating aging and
harbor loading)



1. Ph.D. student Natanya Hansen from the Department of Chemical Engineering and high school pupils from Himmelev Gymnasium.

2. Members of the KT-Student Committee inspects the new Student Innovation Laboratory, sponsored by the ].C. Hempel Foundation.
From left to right: Peter Tybjerg; Stine Justesen; Mette Krog Jensen; Martin Hagsted Rasmussen

Autumn 2005

Professor Mikko Hupa from Abo Academy University
visited the Department for several periods. The Villum
Kann Rasmussen Fond funded these visits

4-6 October

Xplore 2005. This high school simulation event concern-
ing petroleum exploration took place for the second time.
More than 500 students participated in the competition
sponsored by Maersk Oil and Gas A/S, DONG A/S and DTU.
Besides the prize for the winning team, DONG A/S
provided an offshore visit by helicopter to a team of
students. The competition will run again in 2006

5 October
The Department hosted the Advisory Board for the

initial board meeting

31 October

Departmental Seminar by Professor Mikko Hupa, Abo
Academy on the subject, “Molecular process technology
- towards better industrial processes and products”

24 November

Departmental Seminar by Professor Caroline Crosthwaite
from University of Queensland on the subject, “Chemical
Engineering down under - an Australian landscape”

9 December

This year, the Departmental meeting and the Christmas
Party took place at Comwell in Roskilde — both events
with great success. Presentation of "Action Plan 2006”,
discussion of future strategic goals and celebration of
“Results 2005”

14 December

Associate Professor Anker Degn Jensen was awarded a
prize of DKK 150.000 from the Reinholdt W. Jorck og
Hustrus Foundation.

17 December

Professor John Villadsen was awarded the ”M.M. Sharma-
medal” from the Indian Institute of Chemical Engineers for
A major break-through within Chemical and Biochemical-
technology”

HIGHLIGHTS 2005 | ANNUAL REVIEW
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Balancing research and education in a rapidly

changing environment

Arange of new educational tracks are ready for launch
at the Department of Chemical Engineering and new

initiatives for further improving the teaching standards
are being implemented. The new chairman of the Educa-
tional Committee, Anker Degn Jensen, has a pragmatic

view on both change and increasing demands:

"It has to be that way - the very nature of science
and research is a constant movement towards higher
standards,” he says.

In response to the changing needs of both society and
industry the new tracks at the Department of Chemical
Engineering, DTU (KT) aim to develop exciting and
attractive educational possibilities for new students.

”Research and education are inseparable at our depart-
ment,” states Anker Jensen, "our teaching should be
balanced equally between the provision of knowledge

- the pedagogical aspect - and the nurturing and practi-
cal use of the technical insights and knowledge itself.”

Elaborates Anker Jensen: "The most important ‘product’,
I believe, of the Department is our students who graduate
to become a driving force in society and industry. On a
day to day basis the challenge is to keep our scientific
staff at the forefront of both science and industrial
standards, to the point where you constantly gain new
knowledge and develop new skills.”

As a mean to continually fine tune and enhance the
standards at KT the Educational Committee wants

to promote pedagogical and didactic discussion and
development. As part of this work, the Department has
developed a tailor-made course in practical teaching,
in cooperation with Learning Lab DTU.

Focus:
The five new educational programs

Master in Advanced and Applied Chemistry

The program will make it possible to obtain a broad knowledge
of the design of advanced materials. Alternatively, there is a
possibility of specialization in three areas of high technological
and scientific interest, specifically (i) polymers, (ii) catalysts and
catalytic processes and (iii) complex organic chemicals, e.g.
pharmaceuticals. Start in September 2006. Study Director is
Assosiate Professor Georgios Kontogeorgis from the Depart-
ment of Chemical Engineering, DTU (KT).

Master in Chemical and Biochemical Engineering

The MSc Chemical and Biochemical Engineering replaces the
International MSc in Chemical Engineering from September 2006.
The program offers a broad basis within the core of chemical and
biochemical engineering science and technology, but may be
organized within three lines of study: 1) Chemical and Biochemical
Process Technology, 2) Chemical and Biochemical Product
Engineering, 3) Energy and Environmental Engineering. Study
Director is Assosiate Professor Stig Wedel

Bachelor in Health and Production

This program is one of the results of a strategic increase of
the biological content of the bachelor programe at DTU. The
program started in September 2005 and is coordinated

by BioCentrum, DTU

Bachelor in Technology and Economy
A combination of chemistry, chemical engineering and economy.
Starts in September 06, Study Director, Reader Karsten H. Clement

Master in Process Analytical Technology (PAT)

The program starts in September 06 in cooperation with The
Royal Veterinary and Agricultural University (KVL). The program
is coordinated by KVL.

”We need to constantly evaluate and improve our prac
tical teaching skills and techniques and hopefully get
to the point where it becomes a natural conversation

issue at the lunch table,” says Anker Jensen.
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The overall task of the Educational Committee is to
ensure that all necessary courses are available and that
the right people and resources are allocated for any
course, including the five new tracks listed below:

* Masterin Advanced and Applied Chemistry

* Master in Chemical and Biochemical
Engineering

* Bachelorin Health and Production

* Bachelorin Technology and Economy - a com-
bination of chemistry, chemical engineering and
economy

* Master in Process Analytical Technology (PAT)

With 12 years of experience as a teacher at KT, Anker
today divides his time 50-50 between education and
research, specializing in combustion, chemical reaction
engineering and particle technology. Bridging education
and research in an ever-changing field of practical and
theoretical science may seem a tall order, but when
asked where the biggest rewards lie in his job at KT
Anker Jensen suggests several:

”As far as education is concerned, it is pretty straightfor-

Anker Degn Jensen,
new chairman

ward: If the students turn up at your lectures and if they
of the Educational

engage and show interest it means that you are probably Committee

doing something right. There you have an instant payoff.”

”When it comes to research it is sometimes more dif-
ficult to tell when you have succes. To me personally
itis very much about the inner fulfillment of tackling
difficult problems,” says Anker Jensen. Then you have
those occasions where you are the first to publish an
article in a new field, or maybe you get a prize and a
check and a pad on the shoulder. Or maybe you land x
million DKK to do a research project. Those moments
can be memorable,” says Anker Jensen who emphasizes
one major challenge to KT in the near future:

”We need to attract more students with an interest in
biotechnology as biochemical engineers are in high
demand by industry. We have a lot of expertise in this
field and we are eager to pass it on. With a new profes-
sorship currently available in bioprocess engineering
there is a good chance that we will strengthen our
position in this field.”

BALANCING RESEARCH AND EDUCATION IN A RAPIDLY CHANGING ENVIRONMENT | EDUCATION



Seeing the invisible through
pure math

When asked to describe the abstract nature of her
work, reservoir engineer at DONG E&P A[S Marianne
Jorgensen uses a tangible example as an illustration:

"It is more or less like if you pass the busstop and after-
wards try to imagine how the surroundings look at the
next busstop, maybe 1000 m from the first busstop. We
are trying to clarify and outline something which no
one has ever seen, and no one ever will.”

The invisible things which Marianne tries to visualize are
petroleum reservoirs, giant hydrocarbon filled rock for-
mations hidden deep under the waters of the North Sea.
And the ‘spectacles’ she uses to grasp these unwatch-
able phenomena are highly specialized mathematical

formulas.

In close cooperation with geoscientists who probe into
the underground and based on their data, Marianne
Jergensen generates computer simulation models which
predict the movement of oil and gas in the oil reservoirs
using amongst others phase equilibrium calculations.
These highly customized and intricate mathematic
formulas were the subject of Marianne’s Ph.D. project
which she finished at the Department of Chemical
Engineering, DTU (KT) in 1996.

”Shortly put my job is to predict how much oil and gas it

is possible to recover from these underground reservoirs,”
says Marianne.

Precision matters

The work has many different levels:

”Sometimes we investigate a so-called ‘prospect’

- meaning a yet undiscovered reservoir in a place where
our geoscientists assume there may be one hidden,”

Marianne explains.



*Sometimes we investigate a recently discovered reser-
voir to probe how much oil we might be able to recover
from it. At other times we use simulations on already
‘up-and-running’ reservoirs and correlate our data to
predict and optimize future oil production.

QOil reservoirs are huge - a typical size could be several
square kilometers, and a thickness from 10 to several
hundred meters - and since the initial drillings are
extremely costly it is of the utmost importance that
Marianne’s simulations give as precise an image of the

underground processes as possible.

Working closely together with geoscientists and other
engineers she feels confident that only the optimum
achievable ‘images’ of what lies down there in the dark
moves on to those who make the strategic decisions

about where and when to drill.

A dream job

"I have always felt a need to see my theoretical knowledge
putinto practical use,” says Marianne, "and since recover-
ing oil from the Danish underground is no simple task

I get all the challenges and diversity from this job that |
could ask for. Yes, | guess you could say | have found my
dream job.”

After finishing her Ph.D. Marianne stayed in a position
as research associate professor at the IVG-SEP Centre for
another five years. What eventually made her make the
jump to ajob in the oil industry was a deepfelt need for
practical results of her knowledge:

"I have always wanted to pursue the technical and practi-
cal aspects of engineering,” she says, "but | am happy
that | got the opportunity at KT to really dig deep into
the details of different technical problems. In my current
position | still benefit from the academic approach - |

don’t settle for the easy workarounds but rather keep
digging until | find the right solution to a given problem.”

Balancing family life and carrier

Marianne is a mother of two and both she and her part-
ner — who is also an engineer and works at BioCentrum
DTU - hold fulltime jobs. Combining family life and car-
rier is a challenge which Marianne tackles with a principle

of keeping the two spheres separated.

"I try to avoid working at home but when necessary |
delay it until the kids are put to bed,” says Marianne.

She got her first child, Rasmus who is now 10, at the end
of her Ph.D. and Rikke, now 6, during her subsequent
employment at KT. When the kids were small she tended
to tip the balance in favor of the family:

"After Rikke joined the family | took a one year leave
-which is really recommendable - and during the years
when the kids were small | worked reduced hours,”
Marianne says.

”Besides, due to my family priorities | have never applied
for jobs neither abroad nor offshore, even though both
are obvious choices since Denmark is really just a midget
in the international oil industry,” says Marianne. She also
stresses the importance of mutual respect for each others

carriers when you are two academics under the same roof.

”Having two cars is another priority of ours — it saves a lot
in time and logistic planning,” says Marianne Jorgensen
who lives with her family only 10 minutes away from
DONG’s spacious and beautiful premises in Forskerpark-
enin Hersholm.

"And that is one thing | find to be really important for
carrier and family to harmonize: Living close to where

you work,” emphasizes Marianne.

SEEING THE INVISIBLE THROUGH PURE MATH | EDUCATION






Strategic goal:

"The Department will ensure high quality of our research
by stable funding, continuous development of research
facilities, and by an extensive academic freedom with due
respect for the overall department goals’.

When science means business

Exploring the healing properties
of polymers




When science means business

In the summer of 2005 Tue Johannessen was granted
a leave from his position as Associate Professor at
the Department of Chemical Engineering (KT) and
made a radical shift in his career when he became
Chief Technical Officer and acting CEO of the start-up
company Amminex A[S.

Tue Johannessen is one of the five researchers in the
DTU-team behind the solid hydrogen storage concept
known as the hydrogen tablet - widely acknowledged
by both peers and the media as a breakthrough in
hydrogen storage - the other four being Claus Hviid
Christensen, Jens Kehlet Ngrskov, Rasmus Zink Serensen
and Ulrik Quaade. In addition, several students, including
Tobias Dokkedal Elmge from the Department, were

involved in the research.

Months before research facts on the hydrogen “tablet”
were published in the open literature, the research
team had made a decision to actively engage in the
process of bringing the fruits of their research to the

market place.

Deep understanding required

The five founded a holding company and launched

the start-up venture Amminex A/S with DTU and Seed
Capital Denmark as co-investors. Tue Johannessen took
on the challenge of steering the newborn hydrogen
storage company through its first turbulent waters.

”We realized quite early in the research process that
there was a commercial potential for the end product,”
says Tue, "once patents are reported to DTU you have
to make a decision: Do you want to work with them

yourself or should DTU try to sell them?”

RESEARCH & INNOVATION | WHEN SCIENCE MEANS BUSINESS

"With this kind of innovative product you really need
someone to pick up the ball and kick it further up the
field. We thought it would be interesting to stay in the
game and | chose to take on the challenge as manager,
partly because | wanted to add hands-on business
experience to my personal profile, partly because it is
important that at least one within the research group
with a deep understanding of the product works full
time on aggressively opening doors and seeking out
potential partners and investors.”

As a firsttimer in entrepreneurship, Tue recognizes that
he lacks experience in the financial field. But in the first
part of the start-up DTU and SEED Capital Denmark
were bringing that knowledge to the table, he states.

"It is important to keep the right perspective,” says
Tue,”for now | may function as the managing head of a
small company with less than five employees, but the
objective of the start-up phase is to raise enough capi-
tal to attract a strong CEO and step by step establish a
framework for the growth of the company.”

Rough facts of private enterprise

The role Tue sees for himself in the near-future
Amminex A/S is as Chief Technical Officer, but being
the main driver behind the start-up has earned him
plenty of firsthand experience with the tough realities

of starting a company from scratch:

"There are countless practical things to attend to;
website, accounting, company name and logo,
accommodation ... but it is soothing to know thatin a
continuation of the university career | will be able to speak
about the ‘rough facts of private enterprise’ not out of
pure theory, but out of personal experience,” he says.



From left to right: Tue Johannesen,
Department of Chemical Engineering
and Ulrich Quaade, Department

of Physics

Asked if he misses the ‘good old days’ doing research
in the lab, Tue replies:

"Not really ... | am still involved in research and deve-
lopment but it is on a more supervisional level now.
Just like the normal kind of interaction a university
professor has with his or her students.”

A different ballgame

Summarizing his experience as a researching professor
turned entrepreneur, Tue says:

”Pursuing the business aspects of a series of research
results is definitely another ballgame than doing research.
In research you write applications for funding — when
you are responsible for a company you operate with a
timeframe of finding investment as well as showing
the path for earning money back.”

"I think it is excellent that KT now offers a course
dedicated to Technology and Economy. There are lots
of situations where the combination of engineering
and financial background makes good sense,” says
Tue Johannessen.

A storage concept with several
market opportunities

The hydrogen storage tablet has become the brand which most
people spontaneously identify with Amminex A/S, but the
technology behind the ammonia-based tablet is also applicable in
so-called De-NOX (removal of nitrogen oxides, NOy, from diesel
exhaust gas)

"Interestingly, our product addresses more than one market. Safe
and compact dosing systems for NOx-removal in diesel exhaust
have a very well-defined and near-future market. The more long-
term perspectives are related to the increasing use of fuel cells in
everyday products,” explains Tue Johannesen.




Exploring the healing properties of polymers

Imagine if you applied a patch on a wound and never
had to think about replacing or removing it. In the
course of the healing process the patch would gradu-
ally decompose while still supporting and protecting
the growth of new cells which would eventually
replace the patch material completely.

It may sound like medical science fiction but is
nevertheless what Ph.D. student Anne Kathrine
Kattenhej Overgaard is currently trying to create
through groundbreaking research at the Graduate
School of Polymer Science.

Anne Kathrine stresses that the research is still very
much in its prime:

"It could take several years before my basic research

is eventually turned into a final product,” says Anne
Kathrine,”there would have to be thorough clinical
testing first and the approval procedures for this kind
of medical product would have to run their course. But
my main focus right now is to synthesize a polymer-
structure, based on biocompatible materials, with the
properties required for this particular purpose.”

Endless possibilities

Taking her Ph.D. at the Graduate School of Polymer
Science seems a natural succession to Anne Kathrine’s
path in chemical engineering. After obtaining her
master degree from Department of Chemical Engi-
neering, DTU (KT) in August 2003 she was employed
as a research assistant at Coloplast A/S. Later she went
to USA to work at the State University of New York in
Syracuse, NY where she could eventually have applied
for a Ph.D. position. But an idea fostered by Professor

Seren Hvilsted and Coloplast Research spawned a Ph.D.
position at the Graduate School of Polymer Science.
Anne Kathrine applied for it - and got it.

”| chose to take my Ph.D. here because | had an excel-
lent cooperation with my department on my exam
project. Besides, the engaged department at Coloplast
Research was the same as where | worked as a research
assistant, and finally it seemed like a really interesting
project,” says Anne Kathrine who is clearly motivated by
the prospect of seeing her research put to practical use:

I am of course fascinated by the endless possibilities
that lie inherent in the materials | work with. But at
the same time it appeals to me that my research has
the potential of actually helping people,” says Anne
Kathrine.

A win-win situation

So far Anne Kathrine’s work on the Ph.D. project has
been carried out at The Graduate School of Polymer
Science at The Danish Polymer Centre, Department of
Chemical Engineering but later she expects to spend
time at the Coloplast A/S research facilities.

Polymers are everywhere

Polymers are essentially long chains of repeating molecular units
which intertwine in spaghettilike structures. Products based on
polymers are everywhere in our daily life - just reach for any plas-
tic item close to you and you have a polymer structure right there.

RESEARCH & INNOVATION | EXPLORING THE HEALING PROPERTIES OF POLYMERS






"The cooperation between a private company and DTU
seems to me like a win-win situation for all parties,”
says Anne Kathrine. ”Coloplast get research results

in a field of their interest, DTU gets a Ph.D. student

and gains new knowledge which could eventually be
applied in other fields of publicinterest — and | get

the advantage of being in an inspiring and extremely

dynamic, multicultural workplace.”

Ph.D. students are obliged to take supplementary
courses and one of Anne Kathrine’s courses was a
summer school in France where she gained insight into
biopolymers and the healing of wounds in general.

"It was delightful to get to meet the people who do
research in the same area as me and to find out who
are the real experts and where to get assistance if
you run into problems,” she says.

The future

And problems will eventually occur. According to

Anne Kathrine this is simply the nature of chemistry:
”A synthesis process can take as much as a week.
Despite careful planning and execution the results are
not always what you expected so this kind of research
has it ups and downs. There are days where you stay in
the lab till late in the evening. But when things just turn
out the way you schemed ... what a great feeling!,” says
Anne Kathrine who shares her laboratory with another
Ph.D. student, Natanya Hansen.

While the polymers in her lab gradually take on new
and revolutionary properties, Anne Kathrine is very
aware that other areas of use than healing of wounds

could become relevant:

"Right now the product is designed for healing of
wounds, but it might also be used for drug-delivery
and possibly other fields of medical use,” she says.

Anne Kathrine’s Ph.D. project is scheduled to finish in
September 2007 after which a world of possibilities
lies open.

"My future could be a job at Coloplast or a similar
company or maybe in a university - you have quite a
few options with a Ph.D.. But there’s still time to think
about all that,” Anne Kathrine says with a confident

smile.

Facts about the Graduate School
of Polymer Science

The Graduate School of Polymer Science is a research education
network including the Department of Chemical Engineering and
the Department of Manufacturing Engineering and Management
at DTU, the Department of Chemistry at Aarhus University and
the Polymer Department at Risg National Laboratory. The school
is headed by Professor Ole Hassager. Associated industrial com-
panies include Coloplast A/S, Novo Nordisk A/S, NKT Research

& Innovation A/S, Grundfos and Elektro-Isola A/S. The school is
supported by the Danish Research Agency.
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Strategic goal:

"The organization of the Department shall be continuously
adjusted with the purpose of providing — at any time —
modern and dynamic education and research, and with the
purpose of running an attractive and efficient organization.’

CHEC | IVGSEP

CAPEC | DPC.DTU
| \] )18 . Aerosol | BioChemical Engineerin
Bl o N | SRS
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A vital part of our research is conducted in very close collaboration with industrial enterprises and

international research organizations.

The industrial relations cover close joint projects with mutual exchange of staff and cooperation on
experimental research ranging from microscale over pilot plants to full-scale industrial production

plants. This approach ensures high relevance of our research and efficient exchange of technology

and know-how.

Kim Dam-Johansen, Director of CHEC

www.chec.kt.dtu.dk
Director, Professor Kim Dam-Johansen | kdj@kt.dtu.dk | Phone: +45 4525 2845
Assosiate Professor Peter Glarborg | pgl@kt.dtu.dk | Phone: +45 4525 2840
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CHEC

Combustion and Harmful Emission Control

- the CHEC Research Centre

CHEC s an internationally recognized research centre
in the field of Chemical Reaction Engineering and Com-
bustion, emphasizing on high-temperature processes
and formation and control of harmful emissions. In
recent years the activities have expanded into areas of
particle technology, production of active pharmaceuti-
cal ingredients, and chemical product design.

The research approach involves a combination of
modelling and experimental work. Experiments are
conducted over scales ranging from small laboratory

reactors to full-scale industrial units.

The models typically combine a generic description of
the chemical reaction system with a process-specific
flow description, and are used to analyze and extrapo-
late the experimental data, and to provide input for

design and optimization.

The work is conducted in collaboration with Danish en-
terprises as well as a range of national and international

research organizations.

The new field of Product Design covers quantitative
formulation engineering using traditional Chemical

Engineering methods in the design of products, e.g.
granular enzymatic products, and controlled release
systems in different fields, a.o. paint technology and
pharmaceuticals.

Waste fuel utilization and production of liquid fuel from
biomass have received gradually increasing attention in
the CHEC Research Centre over the last years. The work is
directed towards pyrolysis af biomass, methanol produc
tion based on gassification and bioethanol production.

The CHEC Research Centre collaborates with

the following industrial partners

Elsam A[S

Energi E2 A[S

F.L. Smidth A[S

Babcock & Wilcox Velund ApS

B&W Energy A/S

Danish Gas Technology Center A[S

Rockwool A|S

Haldor Topsee A[S

Hempel A[S

H. Lundbeck A[S

NIROA/S

Novozymes A[S

Energinet.dk

The industrial support is supplemented

with funding from these organizations

DTU

Nordic Energy Research

The Danish Research Council for Technology
and Production Sciences

The European Union

The Danish Research Training Council

The Public Service Obligation Programme

CHEC | ORGANIZATION



For more than 25 years the IVC-SEP has been a leading research group in the area of applied thermo-

dynamics. In close collaboration with industry, relevant authorities and research organizations,
the research of IVG-SEP is implemented in industrial products and processes, and has generated
a number of spin-off companies, patents and commercial software.

We believe in the power of knowledge transfer and we commit ourselves to generate research
and education to the benefit of society. We strive to continue the proud traditions and excellent

performance of the past.

Erling H. Stenby, Director of IVG-SEP

www.ivcsep.kt.dtu.dk
Director, Professor Erling H. Stenby | ehs@kt.dtu.dk | Phone: +45 4525 2875
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IVGSEP

Centre for Phase Equilibria and Separation Processes
(IVC-SEP)

The IVGSEP is a well established research group with
an excellent track record and international reputation
in the areas of applied thermodynamics, transport
processes, and mathematical modelling. With seven
tenured faculty members the centre covers several
topics and both experimental and theoretical research.

Currently, the main activities of the centre are in the
areas of complex solutions (including polymers, elec-
trolytes, peptides, and associating chemicals), non-
equilibrium thermodynamics (diffusion and thermo
diffusion), petroleum chemistry at the molecular level,
and finally simulation of petroleum recovery processes
(from the pore to reservoir scale). Furthermore the
centre is active in several research projects of strategic
importance such as CO, capture and sequestration and
oxygenates in gasoline.

The Industrial Consortium of IVGSEP has existed for

25 years and continues to be a valuable asset for the
research and education at the Department. Many
companies support research projects in addition to the
membership. For instance the CHGP project (Chemicals
in Gas Processing) which is sponsored entirely by indus-
try (Total, Statoil, BP, Maersk Oil and Gas, and OMV).

Many students get their first contact to the Danish or
international industry through a project in IVG-SEP.

In addition to research funding the Consortium mem-
bers provide experimental data, samples, and fruitful
feed back to the centre.

One highlight from 2005 is the CO, capture research
where a simple and reliable model has been developed
for the amine absorption process. Two Danish companies

(Elsam and Energi E2) and the Danish Council for Strategic
Research have granted funding for a continuation of
this project.

Another highlight is the extension of the electrolyte
model, Extended UNIQUAG, to high pressure, high
temperature conditions of relevance to petroleum
reservoirs and geothermal energy production.

In 2005 the Consortium of IVC-SEP consisted

of the following members

Akzo Nobel (S)

Baker Petrolite (USA)

BP (UK)

Chevron (USA)

DONG (DK)

Elsam A/S (DK)

Energi E2 A[S (DK)

Eni Agip (1)

Exxon Mobil (USA)

Gaz de France (F)

Haldor Topsee (DK)
Institut Francais du Pétrole (F)
Linde (D)

Marsk Olie og Gas A[S (DK)
Norsk Hydro (N)

OMV (AUT)

Petrobras (BRA)

Polimeri Europa (1)

Statoil (N)

Shell Global Solutions (NL)
SQM (Chile)

Total (F)
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Briefly, the research objectives of CAPEC are to develop computer-aided systems for process

simulation, process/product synthesis, design, analysis and control/operation principally suitable
for chemical, petrochemical/oil, pharmaceutical and biochemical industries.

Our computer-aided systems are developed on the basis of fundamental modelling studies that
incorporate correlation and estimation of thermo-physical and phase equilibrium properties as

well as modelling of the underlying phenomena/behavior of the processes and operations”.

Rafiqul Gani, Director of CAPEC

www.capec.kt.dtu.dk
Director, Professor Rafiqul Gani | rag@kt.dtu.dk | Phone: +45 4525 2882
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CAPEC

Computer Aided Process-Product Engineering

Centre (CAPEC)

The CAPEC research centre applies a systems approach
to develop comprehensive solutions to various indus-
trial problems based on a thorough analysis of scientific
issues and actual product/process requirements. The
developed systematic methods are generic in character
and therefore applicable to a wide range of problems in
process and product engineering.

Additionally, the systems approach enables us to convert
the developed methods into tools for problem analysis
and solution. Thus, the research at CAPEC has resulted
in the development of a range of generic simulation
techniques and their conversion into state of the art
computer-aided tools for modelling, synthesis, design,
operation, control and analysis — each method dedicated
to systematic and efficient process/product engineering.

The CAPEC research is organized into six research pro-
grams arranged in a logical framework ranging from
fundamental to applied research. Based on the funda-
mental modelling at the generic levels, computer-aided
methods and tools are developed at the next (intermedi-
ate) levels for synthesis, design, analysis and control of
process/product/operation. Again, these models, methods
and tools are integrated in the final research levels,
where applied methods are generated for the develop-

ment of cleaner, safer and sustainable technologies.

Headed by Professor Rafiqul Gani, the CAPEC research
centre constitutes a very distinct group of professors,
associate and assistant professors, researchers, post-
docs and Ph.D. students that significantly contribute to
the joint activities of KT. Additionally, CAPEC usually
hosts around 10 M.Sc. and B.Sc. students plus a varying
number of visiting students and international visitors.

In 2005 CAPEC was supported by the following

industrial consortium

Novo Nordisk A[S (DK)

Novozymes A[S (DK)

Zacco Denmark A/S (DK)

Danisco-Cultor A[S (DK)

FLS-Automation A[S (DK)

AstraZeneca (S)

Fantoft Process Tech. AS (N)

Neste Oy (SF)

Bayer AG (D)

Process Design Center (D)

Akzo-Nobel (NL)

Syngenta (UK)

Avecia Pharmaceuticals (UK)

ICI Strategic Tech. Group (UK)

Roche (CH)

Firmenich (CH)

GlaxoSmithKline (USA)

FMC Corporation (USA)

SimSci-Invensys (USA)

Unilever (USA)

DuPont (USA)

Optience (USA)

ChemProcess Technologies (USA)

US Env. Protection Agency (USA)

Mitsubishi Chemical Corp. (JPN)

Processium (F)

Petrobras (Brasil)

Instituto Mexicano del Petréleo (MX)

ProSim SA (F)

BASF (D)
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At the Danish Polymer Centre we are devoted to the application of molecular design, synthesis

and processing of polymers to create materials and products with unlimited ranges of properties
and applications.

We strive towards this goal in a balanced environment of education, research and industrial
cooperation.

Ole Hassager, Director of DPC.DTU

www.kt.dtu.dk/dpc
Director, Professor Ole Hassager | oh@kt.dtu.dk | Phone: +45 4525 2973

ORGANIZATION | DPC.DTU



DPC.DTU

The Danish Polymer Centre (DPC.DTU)

Organized within the Department of Chemical Engi-
neering and the Department of Manufacturing Engi-
neering and Management, the Danish Polymer Centre
(DPC.DTU) is an interdisciplinary centre for polymer
education, research and industrial cooperation. The
main research areas are polymer chemistry, polymer
physics, polymer technology and polymer processing.

Equipped with state of the art instrumentation for
polymer characterization, the laboratories of DPC.

DTU provides a common ground for polymer chemists,
polymer physicists, chemical engineers and mechanical
engineers. Current techniques include the synthesis
with controlled molecular weight, branching structure
and functional groups, the application of scattering
methods to study the structure of complex polymer
systems, rheological characterization and the design of
multi-phase systems.

International Master of Polymer Engineering and Science
In September 2003 DTU created a two year M.Sc. program
in Polymer Engineering and Science for international
students. The program aims at talented students who
hold at least a Bachelor of Science degree in Chemistry,
Chemical Engineering, Mechanical Engineering or other
relevant fields. Measured in terms of student activity,
the polymer students are rated among the best within
the 13 DTU international M.Sc. programs.

Graduate School of Polymer Science

Initiated in late 2003, the Graduate School of Polymer
Science is a research education network between DPC.
DTU, the Department of Chemistry at Aarhus Univer-
sity, Risg National Laboratory and associated industrial
companies. The school provides a logical framework
for the joint activities of the Danish Polymer Centre.

Financial support to the DPC.DTU is provided

by the following organizations

Aage and Johanne Louise Hansen’s Foundation

The Danish Technical Research Council

The European Union

Grundfos A[S

Chempilots A[S

Radiometer A/S

Coloplast A[S

The Graduate School of Polymer Science operates

in the following framework

Riso National Laboratory

Aarhus University

DTU

Coloplast A|S

Novo Nordisk A[S

NKT Research & Innovation A[S

Elektro-Isola A[S

Grundfos A[S

DPC.DTU | ORGANIZATION
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Some research projects mainly involve students and faculty from the Chemical Engineering field
but a majority of research projects benefit from cooporation between departments of DTU.

The basis for the majority of our material research is the continuous development/exploration
of high-temperature processing of materials, but traditional areas like reaction engineering and

models/-CFD-simulations are necessary fundamental tools for all projects.

Hans Livbjerg, Director of the Aerosol Laboratory

www.aerosol.kt.dtu.dk
Director, Assoc.Professor Hans Livbjerg | hl@kt.dtu.dk | Phone: +45 4525 2949
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Aerosol

The Aerosol Laboratory

The Aerosol Laboratory was initiated in the 1990°s due
to anincreased attention to undesired aerosol formation
in industrial processes.

The centre applies aerosol dynamics in environmentally
related projects, e.g. for investigation of formation and
emission of sub-micron particles in coal-fired power
plants. In addition, aerosol technology combined with
fundamental knowledge in aerosol dynamics is used in
high-temperature aerosol processes for the synthesis
of nanoparticles, catalysts and composite metal oxides
and for the preparation of ceramic membranes/

-membrane reactors.

The Aerosol Group cooporate closely with other
departments at DTU, especially Department of
Chemistry and Department of Physics.

Research areas

* Flame-assisted aerosol routes for the manufacture
of nanoparticles, nanostructured materials and
ceramic membranes for catalytic applications

* Fuel cell technology and hydrogen storage

» Combustion aerosols: Theoretical and experimental
—incl. field studies on full-scale power plants
— analysis of processes for the formation of hazardous
sub-micron particles

* Development and application of mathematical
models for aerosol dynamics

* Analysis/design of reactors/processes by
Computational Fluid Dynamics (CFD)

The Aerosol Laboratory cooperates with

the following industrial partners

Haldor Topsee A[S

IRD Fuel Cell A|S

Energinet.dk

Elsam A[S

Energi E2 A[S

AEROSOL | ORGANIZATION



Launched in 2003, the new Centre for BioChemical Engineering constitutes a strong alliance
between BioCentrum-DTU (BiC), Department of Chemical Engineering (KT) and the Danish
biotech based industry. The centre is established with the goal to create a new, strong link
between generic research and the industrial application of bio-technology.

As | see it, the enterprise uniquely combines the engineering expertise of BiC and KT.

The vision of the centre for Biochemical Engineering and the research topics taken up by
the centre will inescapably lead to a dramatically higher return on the Danish Biotechnology
research investment.

John Villadsen, Head of BioChemical Engineering

Head, Professor, Dr. Tech. John Villadsen | jv@kt.dtu.dk | Phone: +45 4525 2668 | +45 4525 2861
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BioChemical Engineering

Centre for BioChemical Engineering

- Novozymes Bioprocess Academy

Centre for BioChemical Engineering is a new multi-
disciplinary research centre established in 2003 as

a cooperation between the two DTU departments,
BioCentrum (BiC) and Department of Chemical Engi-
neering (KT). The centre operates in the border area
between Biotech and Chemical Product and

Process Engineering.

Novozymes Bioprocess Academy was established in
2002 - with substantial support by Novozymes A/S.
The academy will ensure the education of candidates
with a firm knowledge of product and process engi-
neering acquired both in the laboratory and in the
pilot plant to the booming Danish biotech industry.
Currently, 8 Ph.D. students and 6 M.Sc. students are
enrolled with the academy.

Centre for BioChemical Engineering marks a further
development of the already extensive cooperation
between KT and BiC- and it contributes positively to
fulfilling the DTU vision of creating an exceptionally
strong environment for research and education in

all aspects of Biotech - from mapping the molecular
biology of the cell to design of fully optimized

process plants. In 2005 a Research Consortium was
established between the Centre for Biochemical En-
gineering and the three major Danish Bio-based com-
panies: Novozymes, Danisco and Chr. Hansen. With

a further 3-5 Ph.D. students working on “Innovative
bioprocess technology,” the central role of bioprocess
technology at DTU has been further highlighted.

Biotech is a spearhead industry in Denmark and several
Danish biotech based industries are world leaders in
their respective fields. Thus, on a global scale, Danish
products and processes contribute to improved health
care, welfare, and cleaner processes while generat-

ing thousands of new jobs. Via an academically driven
research effort in the generic problems of industrial
production it is the mission of Centre for BioChemical
Engineering to positively enhance the transfer of new
research produced in the laboratories to actual indus-

trialimplementation.

Centre for BioChemical Engineering cooperates

with the following industrial partners

Novozymes A[S
Novo Nordisk A[S
H. Lundbeck AS
Alpharma A[S
Chr. Hansen A[S
Danisco Cultor A[S
Rambell A[S

Iso Mix A[S

BIOCHEMICAL ENGINEERING | ORGANIZATION



Our support units provide important services for students, teachers and researchers and are

responsible for the full array of technical and administrative functions at the Department.

You will find some remarkable people working as support staff at the Department of Chemical
Engineering. Our team enjoys its work and benefits from relationships marked by trust and team
spirit, both within our department and with our colleagues throughout the Technical University

of Denmark.

May Brandt, MBA, Head of Administration

www.kt.dtu .dk
Head of Administration, May Brandt | mb@kt.dtu.dk | Phone: +45 4525 2807
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Administration & Technical Support

Support Staff

Innovative teaching, research and consulting require
the support of professional services. Our high-quality
services enable us to deliver excellent education and

project work.

Working in our support units means being a strong
partner for our students, teachers and research teams,
and accompanying them throughout all phases of
their work.

Finances and Administration

Efficient support from our people in accounting,
finances and the administrative functions plays an
important role within our department. We provide
services in many different areas, including financial
accounting, project administration, budget con-
solidation, forecasts, controlling, contracts, travel
expense accounting, facility management and

general administration.

Corporate Communication

Our webeditor ensures that our website meet our high
standards with respect to design and business com-
munication, and writes up the latest company news in
our corporate website and annual reports.

Service and Planning

The secretaries are the first point of contact for
students, partners and colleagues alike. They handle a
multitude of inquiries, information, and tasks, and even
under pressure they never lose their diplomatic touch.
They play a major role in ensuring that a wide range of
internal processes run smoothly.

Information Technology Services

The focus of this unit is knowledge management
(databases), IT consulting, IT solutions and support
which includes ordering, installing, and configuring
hardware and software, as well as maintaining the
IT back office.

Workshop

Craftsmanship and innovation go hand in hand when
the workshop at the Department provides our small

and large scale laboratories with custom made, high

quality equipment.

Laboratories

Our laboratory technicians ensure high safety
standards and efficient caretaking of our laboratories,
education and research facilities.

ADMINISTRATION & TECHNICAL SUPPORT | ORGANIZATION






Strategic goal:
"The Department aims to attract an increasing number
of students, scientists and external partners by the
continued development of an dynamic and innovative
environment for research and education.’

Key figures
Productivity - Education

" Productivity - Publication

U &
ff Staff




Key figures: Finances and staff 2005

Revenue 2005

Expenditures 2005

(Total 79,055 mill. DKK*)

DTU budget
B Otherrevenue

(Total 67,816 mill DKK*)

Wages
B other expenses

*Except buildings *Except buildings
Type of staff Staff distributed by age
(Total 153 persons) (Total 153 persons)
Administrative 20-29 years
B Technical M 3039 years
B scientific W 2049 years
B rhD students M 5059 years
Trainees a.o. 60-70 years
Foreign scientific staff
(Total 37 persons)
Europe
B America
B Asia

14%

PRODUCTIVITY & STAFF | KEY FIGURES






Education

Master and Bachelor Courses

The Department participates in a 3'% year education
for the Bachelor of Engineering Degree and a 5 year
education for the Master Degree. Below, course
numbers and names are shown for 2005 with the
number of students attending shown in brackets.

Courses for the Bachelor of Engineering Degree

are marked with (B). The other courses are master

courses or common courses.

Spring-semester

28011 Introduction to Chemical Process Engineering (21) (B)

28021  Unit Operations of Chemical Engineering (26) (B)
28110 Chemical and Biochemical Product Analysis (11)

28120 Introduction to Chemical and Biochemical Engineering (93)

28121  Chemical Unit Operations Laboratory (5)
28153  Process Design (11) (B)

28181 Engineering Trainee (16) (B)

28212  Polymer Chemistry (21)

28221 Chemical Engineering Thermodynamics (13)
28312  Computer-Aided Product Design (13)

28321 Chemical Engineering Thermodynamics (27)
28341  Chemical Reaction Engineering (37) (B)
28350  Process Design: Principles and Methods (28)
28351  Process Control (32)

28375  Air Pollution Control (18) (B)

28415  Qil and Gas Production (24)

28423  Phase Equilibria for Separation Processes (29)
28434 Membrane Technology (30)

28443  Industrial Reaction Engineering (31)

28845 Chemical Reaction Engineering Laboratory (13)
28852  Risk Assessment in Chemical Industry (28)
28863 Introduction to Fortran Programming (13)

Course given in co-operation with other departments

01913  Mathematical Models for Chemical and Biochemical

Systems (38) (B)

28171  Introduction to Working Environment and Environmental

Problems (16) (B)

28231 Laboratory in Chemical and Biochemical Engineering (19)

28885 Introduction to Oil and Gas Technology (15) (B)
42110 Materials Science (101)

42981 Materials Science (34) (B)

42983  Corrosion and Materials Selection (11)
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Fall-semester

28001
28012
28021
28120
28140
28150
28153
28181
28213
28241
28310
28315
28316
28321
28341
28351
28420
28515
28530
28811
28845
28851
28861
28863

Introduction to Chemistry and Chemical Engineering (45)
Chemical and Biochemical Process Engineering (51) (B)
Unit Operations of Chemical Engineering (31) (B)
Introduction to Chemical and Biochemical Engineering (62)
Introduction to Chemical Reaction Engineering (30)
Introduction to Process Control (22)

Process Design (4) (B)

Engineering Trainee (16) (B)

Polymer Technology (24)

Chemical Kinetics and Catalysis (22)

Chemical and Biochemical Product Design (29)

Colloid and Surface Chemistry (54)

Colloid and Surface Chemistry, Laboratory Course (9)
Chemical Engineering Thermodynamics (27) (B)
Chemical Reaction Engineering (25) (B)

Process Control (30) (B)

Separation Processes (36)

Enhanced Oil Recovery (10)

Transport Processes (49)

Polymers in Processes and Products (22)

Chemical Reaction Engineering Laboratory (21)
Chemical Plant Operation (14)

Mathematical Modelling for Chemical Engineers (40)
Introduction to Fortran Programming (4)

Courses given in co-operation with other departments

01913

12002
12411
26010
27406
28171

28172

28244
41015
42981
42983

Mathematical Models for Chemical and Biochemical
Systems (24) (B)

Design of Biotechnological and Environmental Processes (73)
Introduction to Petroleum Technology (47)

Introductory Project in Chemistry (30)

Biotechnology Purification Methods (43)

Introduction to Working Environment and Environmental
Problems (20) (B)

Introduction to Working Environment and Environmental
Problems (24) (B)

Combustion and High Temperature Process (37)
Mechanics and Materials (62)

Materials Science (32) (B)

Corrosion and Materials Selection (24)



Master of Science Degrees

40 students finished their research projects for the
M.Sc. Degree and B.Sc. Degree in Engineering. The
project titles and names of the students are listed below

Aggregation and fibrillation of Glugacon (Emil Holst-Pedersen)
Anode optimization for PEM fuel cells (Michael Ulrik Borg Jensen)
Bio-chemical Engineering (Pavle Andric)

Block copolymers for adhesives (Xiaoxue Yuan)

Brownian Dynamics Simulation of Polymer Behavior in Microfluidic
Systems (Xueyu Zhu)

CFD Modelling of Pilot Scale Combustion Reactor (Yunhui Cao)
Continuous droplet polymerization (Shijie Wang)

Determination of model parameters in the Extended UNIQUAC
model for electrolytes (Pedro Neves Ledo de Campos)

Development and control of an ammonia delivery system for
NOx-removal in an automotive unit (Tobias Dokkedal EImge)

Development of pressure sensitive valves for microfluidics
(Jose Manuel Marin Roman)

Direct Partial Oxidation of Methane to Methanol
(Anja Egede Rasmussen)

Dynamic Microfiltration with a Vibrating Hollow Fiber Membrane
Module (Seren Prip Beier)

Dyrolysis of Tire Rubbert (Lars Schultz)

Evaluating the potential for enzymatic CO2 capture from flue gas
(Valentina Marcucci)

Fast curing epoxy systems (Salomeh Melat)

Feasibility Study of Ceramic Ultrafiltration (Jonas Harboe)
Flexibilization of phendlic resins (Amra Tihic)

Fluid bed granulation and coating (Peter Dybdahl Hede)
Gypsom from wet flue gas desulphurization (Brian Brun Hansen)

Industrial Crystallization - Towards methodologies for
optimization of batch cooling (Bruno P. Nielsen)

Kinetics of Hydrate Formation (Tore Sylvester Jeppesen)
MD simulation of polymer melts (Yanwei Wang)

Measurement of solid-liquid equilibrium concentrations of sparingly
soluble minerals at temperature and pressure (Eduardo Ribeiro)

Methods for improving selectivity in ultra- and microfiltration
(Mar Fernandez Pachero)

Mixing and mass Transfer in Pilot Scale equipment using novel
methods of dispersion (Ling Hua)

Modelling of cement mills (Jakob Kjgbsted Huusom)
Modelling of petroleum-alcohol mixtures (Liv Hovgaard)

Modelling of phase equilibria for petroleum reservoir fluids containing
water and hydrate (Carsten Lundstrgm)

Modelling of waterflooding in stochastically heterogeneous reservoirs
(Ricardo Elias Walker Gutierrez)

Modelling of wax and the Fischer-Tropsch process (Christian Wix-Nielsen)

Novel Biocompatible and —~degradable Block Copolymers
(Ritwik Chattopadhyay)

Phase behaviour of napthenic acid in mixtures (Anders Bitsch-Larsen)
Pigment leaching from antifouling paints (Beatriz Coronas)
Polymerization and rheology of model polymers (Martin Denberg)

Precipitation of Vanadium- and Nickelsalts (Martin Thomas Hoyer
Feldskov)

Preparation of aligned nanoporous crosslinked polyisoprene from
diblock copolymers (Kenneth Andersen)

Shedding of Ash Deposits in Straw Fired Boilers (Birgitte Madsen)

Silicone hydrogel contact lenses: Free radical polymerization of
2-hydroxyeth supercritical carbon dioxide (Anne Marie Jensen)

Simulation of CO2 Injection in Weyburn for EOR and Sequestration
(Abdul Rashid Abouc Nabi Roman)

Synthesis and Characterization of Branched PLGA (Astrid Toftkaer)

Bachelor of Science Degrees

8 students finished their research program for
the B.Sc. Degree. The project titles and names of
the students are listed below

Improvement of the fire resistance of rooting products
(Lars Dam Madsen and Kristoffer Moos)

Mechanical properties of anticorrosive coatings (Simon Jacobsen)

Oxide Scale Formation on Alloys for Catalyzed Hardware
(Trine Colding Lomholt)

Partial Oxidation of natural Gas (Dani Lynge Johansson)

Synthesis of catalyst for PEM fuel cells with Flame Spray Pyrolysis
(Henrik Bischoff Jensen)

Thermal properties of man-made vitreous fibres (Morten Liithje)

Zinc Epoxy for corrosion protection (Ulrik Bork)
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Publications

Ph.D.- Theses

Ada Villafafila Garcia: Modelling of Mineral Scale Deposition,
Ph.D.-thesis, 2005

Dennis Bonné: Optimal and Reproducible Operation of Batch
Processes, Ph.D.-thesis, 2005

Diego Meseguer Yebra: Efficient and Environmentally Friendly
Antifouling Coatings, 2005

Edgar Ramirez Jimenez: Modelling, Design, Operability and
Analysis of Reaction-Separation Systems, Ph.D.-thesis, 2005

Helle Nygaard: Mathematical Modelling and Experimental
Investigation of Full-scale Gypsum Producing Wet Flue Gas

Desulphurisation. Ph.D.-thesis, 2005

Irene Papaeconomou: Integration of Synthesis and Operational
Design of Batch Processes, Ph.D.-thesis, 2005

J.B. Jargensen: Moving Horizon Estimation and Control,
Ph.D.-thesis, 2005

Kare Jorgensen: Drying rate and morphology of slurry droplets, 2005

Loic d’Anterroches: Process Flow Sheet Generation & Design
through a Group Contribution Approach, Ph.D.-thesis, 2005
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