!
L
Technical University of Denmark P




CERE Annual Report 2011

Publisher:

CERE, Center for Energy Resources Engineering
Technical University of Denmark (DTU) Building 229,
DK-2800 Kgs. Lyngby, Denmark

Phone: +45 45 25 28 00.
Fax: +45 45 88 22 58

Website:

www.cere.dtu.dk

Editor-in-chief:

Erling H. Stenby, Chairman of CERE

Editor:
Mia Trolle Borup, CERE Coordinator

Text:
Morten Andersen, science reporter,
City Pressekontor, Copenhagen

Assistants:
Patricia Wagner, project administrator, CERE
Louise Biede, center secretary, CERE

Layout:
Rie Jerichow, graphics designer,
City Pressekontor, Copenhagen

Photos - unless otherwise stated:
Christian Carlsson, CERE

Print:
Rounborgs Grafiske Hus ApS

Cover Photo:

In 2011, CERE and partners were able to launch an ambitious
program, BioRec, focused at enzymatic and microbial enhanced oil
recovery. The picture shows interfacial tension (IFT) and contact

angle experiments under the program.
Experimental setup: Alsu Khusainova, CERE DTU
Photo: Christian Carlsson, CERE DTU

Contents
4
o)

11

15
19

22
23
28
30

A New Flavour to Oil Recovery
In its second year, CERE was able to launch new large projects and
expand its faculty.

Green Oil Recovery

BioRec (Biotechnology in Qil Recovery) is a large new research
program aiming to provide the foundation for microbial and enzy-
matic enhanced oil recovery.

Smart Water

Modifications like changing salinity may increase yields from water
flooding in oil recovery significantly. An ambitious new program aims
to optimize the method.

A Dedication to Carbon Capture
While the political focus on carbon capture goes up and down, CERE's
commitment to the field remains unchanged.

Thermodynamic Simulations Taken to Heart

Some of the most advanced models in applied thermodynamics are
still not widely used by industry. A dedicated team at CERE is set on
changing the scene.

A Companion for History Matching
CERE has produced a novel tool for finding the geological structure of
an oil and gas reservair.

Mandarin Spoken Here
Wei Yan fills a new strategically important position at CERE as Senior
Scientist.

A Summit of Energy Engineering
Join us for a tour of CERE's Discussion Meeting 2011.

Keeping up the Pace
A summary of 2011 highlights within research, collaboration
and funding.




INTRODUCTION

Erling H. Stenby
Chairman of CERE,
professor
ehst@kemi.dtu.dk

Our Transition
IS completed

The integration of scientific
capabilities from a number of DTU
departments into CERE can already
be claimed a success.

ust two years ago we embarked on a journey, as
J academic staff from a number of DTU depart-
ments were welcomed in the Center for Energy
Resources Engineering. Without weakening
our traditional strongholds from IVC-SEP, we
have been able to smoothly integrate faculty
members and other scientific staff from DTU
Chemical Engineering, DTU Informatics, DTU
Civil Engineering and DTU Chemistry.

The prime ambition behind the expansion was
to position ourselves strongly in the competition
for funding of large, highly interdisciplinary
research programs. I am pleased to say that our
industry stakeholders and the bodies responsible
for public research funding have responded
positively.

Already in our second year as CERE, 2011,
we were able to initiate several novel research
projects. As these will be thoroughly presented
over the following pages, I will not go into details
here but limit myself to underlining one common
feature. The new projects are interdisciplinary,
and not least do our new resources within geology
and geophysics contribute strongly.

Shale gas and HPHT
Looking ahead, I am convinced that the enhanced
possibilities inherent in our new structure have
in no way been exhausted. Let me just point to a
few possible future areas for us. The current US
administration has a strong focus on shale gas,
which again has spurred wide research activi-
ty. The potential for shale gas reservoirs in Den-
mark is highly interesting, and CERE is well po-
sitioned in possible efforts to exploit them.
Similarly, HPHT (High Pressure, High Tem-
perature) oil and gas reservoirs are currently at
high focus in the Mexican Gulf, but they are
found in the Danish part of the North Sea as well.
In both contexts, an interdisciplinary approach

involving applied chemistry, chemical engineer-
ing, geology and geophysics will be essential.

The same is true for heat storage in deep
aquifers, possibly combined with geothermal
energy exploitation. A large Danish research
project coordinated by CERE is in progress (see
our Annual Report 2010) and activity is expected
to increase over the coming years.

Guarding our core activities

In closing I would like to stress that, even as
excited as we are about the range of new fields
and projects opening to us, we have not forgot-
ten where we came from. The core activities of
CERE have been, and will always be, central
scientific disciplines such as applied thermody-
namics, scientific computing, rock physics and
applied chemistry.

Whenever we cooperate with academic staff
across DTU you will always be able to find alink
between their work and CERE core disciplines,
thus adding to the synergy between various
DTU departments and obtaining increased value
from the resources at hand. In this respect by
“resources”, I am thinking both of academic staff
and of the time we are grateful to be able to spend
at advanced research equipment at the various
DTU departments involved.

Summing up, we are well positioned for the
challenges ahead and look forward to engage in
even closer cooperation with our stakeholders in
the years to come.

Professor Erling H. Stenby,
Chairman of CERE

A more detailed summary of 2011 events to be
found at page 30.

The Consortium
- our Strongest Asset

ERE is supported by public means from

several sources, e.g. The Danish Research
Council for Technology and Production
Sciences and The Nordic Energy Research Pro-
gramme. Furthermore the Center is supported
by grants from several private companies. The
strongest asset of CERE is the industrial Con-
sortium. Approximately 25-30 companies are
members, the exact number changes due to the
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dynamics of the industry’s mergers and acquisi-
tions. The member companies closely follow the
activities of the Centre. This ensures that CERE
activities are relevant in relation to the topical
problems and limitations in existing knowledge
within applied thermodynamics. This ongoing
external control of quality and inspiration assist
in maintaining CERE research at the highest
international level.
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CERE’s Discussion
Meeting is a unique op-
portunity for Consor-
tium participants and
researchers from the
Centre to interact. The
2011 version (picture)
set a new record in in-
dustry participation.

CERE Consortium:

e Statoil @ Maersk Oil @ Gaz de France @ ConocoPhillips @ Haldor Topsge @ BP @ SQM e Linde e Total e
Eni @ DONG Energy @ Shell @ GASSCO @ OMV @ Chevron @ Petrobras @ RWE @ Akzo Nobel @ IFP @ Schlumberger

@ ExxonMobil e Vattenfall @ Welltec @ Saudi Aramco e Sinopec @ Lloyd’s Register ODS @ NKT Flexibles @




GREEN OIL RECOVERY

Novel Green Tools
in Oil Recovery

It is known that certain microbes
are able to increase recovery rates.
The question is whether Microbial
Enhanced Oil Recovery (MEOR) and
possibly enzymatic enhanced

oil recovery can be utilized in a
practical and economically feasible
way. A large new Danish research
programme addresses North Sea
reservoir applications, while aiming
to increase the general understan-
ding of the subject.

In a joint effort with two Danish energy cor-
porations, Maersk Oil and DONG Energy,
and the world’s leading enzyme producer, Novo-
zymes, CERE embarks on an ambitious quest.
The BioRec program aims to create the scientific
foundation for introducing microbial and enzy-
matic enhanced oil recovery (EEOR) methods in
full-scale recovery.

“Everywhere around the world oil reserves

are diminishing. This again drives up oil prices,
giving industry more incentive to apply less trivial
recovery methods. While MEOR and EEOR are
still in a scientific state, with very few field tests, it
is likely that the methods we are looking at will be
applied as the present trend in oil prices continue,”
says the coordinator of the MEOR work package
in BioRec, Associate Professor Alexander Shapiro,
CERE.

Microbes to the rescue

As the rest of the BioRec project, the MEOR
component is focused at oil fields in the Danish
part of the North Sea.

“Production in the Danish part of the North
Sea is diminishing, but not so much because the
reserves have been expired but rather because we
simply do not know how to extract the majority of
the oil. Present methods may yield a final recovery
rate of about 25 per cent. Just a few per cent in-
crease in that rate would more than justify the cost
of the research programme,” Alexander Shapiro
says, while adding:

“And of course we hope to find methods that will
increase production more than just marginally.”

The geological conditions in the Danish part
of the North Sea - dominated by dense chalk
reservoirs - are the main reason why expectations
for the overall recovery rate have to be modest at
present. For instance, roughly half of known oil
reserves in the Danish part of the North Sea are
found in chalk with extremely low permeability
from the so called Danian periode.

Enhanced Oil Recovery (EOR) is a way to ex-
tend the productive life of an otherwise depleted
and uneconomic oil field. EOR is usually applied
after more conventional methods, primarily pres-
sure depletion and water flooding, have been
exhausted. While most commonly either water or
gas is injected into the reservoir — over the latest
years MEOR has gained increased attention.

Bacteria in oil are strange creatures
Manipulating microbiology is actually not un-
known to the oil industry. For example in some
fields, where growth of naturally occurring
sulphur-reducing microbes would cause pro-
blems, it is an established method to inject ni-
trate-rich sea water. This stimulates growth of
nitrate-reducing microbes which again limits
the potential growth of sulphur-reducing mi-
crobes. Still, the idea of actively using microbes
to increase production is less than 3 years old.

At the initial stage, the BioRec program aims
“to solve an old puzzle”, Alexander Shapiro
reveals:

“We know that bacteria live in oil reservoirs in
the North Sea. They are pretty strange creatures,
able to survive and be active without oxygen,

GREEN OIL RECOVERY

BioRec

The BioRec program (Biotechnology in
Oil Recovery) consists of three work
packages. The package on microbial and
enzymatic oil recovery is coordinated by
Associate Professor Alexander Shapiro,
CERE, while the package on inhibition
of gas hydrate formation by antifreeze
proteins is coordinated by Associate
Professor Nicolas von Solms, CERE, and
the package on prevention of microbial
induced corrosion by DTI. Overall BioRec
coordinator is CERE Chairman, Erling H.
Stenby.

The programme has an overall budget
of EUR 4.5 million, where EUR 2.0 mil-
lion has been provided by the Danish
Advanced Technology Foundation, EUR
1.5 million by the industry partners and
the last EUR 1.0 million by DTU.

under temperatures of around 80° and pressures
above 100 bars. However, it is not clear how it is
possible, since the pores are roughly the same
size as the bacteria, and the bacteria often exist
in colonies. So: how deeply do they penetrate
the porous rock? How do they form colonies?
These questions are to be addressed in a series
of advanced experiments on bacterial flooding
of reservoir core samples.”

“With regard to enzymes, the first step in the
project is to check whether they can change the
preference of the rock surface to oil or to water. In
the reservoirs oil may “stick” to the surface - that
is why it is so difficult to extract. The mixtures of
enzymes and surfactants may separate oil from
the surface, make it more water-wet. This is what
enzymes do, for example, in washing powder.”

Which bacteria to bet on?

In MEOR, either bacteria are injected together
with nutrients or indigenous bacteria are acti-
vated by injection of nutrients.

“The latter method is of course tempting as we
know that bacteria already live in the reservoirs
and thus are able to sustain the conditions. Even
under extreme reservoir conditions bacteria can
produce biopolymers and biosurfactants, change
acidity of the reservoir water, plug waterflooded
zones of a reservoir and do other important jobs
for enhancing the recovery. We know that at least
10 species exist in quantities above 1-2 per cent of
the total population. We need to have a better un-
derstanding of the mechanisms involved in order
to determine which of these is “the horse we should

The image shows
crude oil droplets at-
tached to a solid sur-
face. A core activity in
the BioRec program is
to investigate how en-
zymes and surfactants
produced by microbes
will alter the shape of
oil droplets and their
attachment to the
surrounding rock.

We were able

to use some of
our existing equip-
ment and are also
purchasing several
new instruments. As
aresult we are able
to do things that not
many other labs in
the world could do.”
Associate Professor
Alexander Shapiro,
CERE
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bet on”,” says Alexander Shapiro, continuing:

“MEOR methods are not widely used com-
mercially. It is known that several species of
bacteria are able to increase recovery rates, but
so far experience has mostly been from practical
trials. You inject bacteria into a reservoir and wait
a few days or months to see if production will
increase or not. If it increases, well, that’s good
news but we would also want to know why. What
is the mechanism? Without this understanding
we can hardly hope to be able to optimize the
method and to understand when and where it
can be successfully applied.”

Surfactants reduce interfacial tension

A range of possible mechanisms can be imagi-
ned to be related to the efficiency of MEOR. One
is reduction of the interfacial tension (IFT) due
to surfactant production. In a recent study, Post
Doc Sidsel Marie Nielsen, CERE, has demon-
strated that surfactants produced by microbes
are capable of increasing incremental recovery
significantly compared to water flooding.

As a part of the BioRec programme she and
her colleagues at CERE will continue these stu-
dies. A number of rock types known from the
Danish part of the North Sea have be saturated
with oil. Lab trials are hoped to show both how
much recovery can be increased and how much
of this increase can be attributed to bacteria’s
production of surfactants.

Another mechanism of interest is linked to
so called biofilms. Under the right conditions
bacteria will form biofilms consisting of a mix-
ture of the bacteria themselves, particles and
substances produced by the bacteria serving as

a kind of glue. Biofilm formation may increase
the MEOR recovery rate further - this is believed
to be related to microscopic fluid diversion as a
part of the overall fluid diversion mechanism due
to the formation of biofilm.

Also several other mechanisms might play a role
inincreasing oil recovery. In Sidsel Marie Nielsen’s
recent simulation studies a total improvement in the
recovery rate against water flooding of 15 per cent
of the oil that was originally present, was achieved
at optimal conditions by a combination of several
mechanisms. Sidsel now holds a dual role as both
post doc and the overall project manager of the
BioRec project.

Purchase of non-standard equipment

In the ongoing studies it seems possible to incre-
ase recovery rates further by adding enzymes to the
solution. While these results are promising, there

Novozymes: The potential could be promising

To some it may seem as a surprise to see the world's
leading producer of enzymes involved in a program

related to oil and gas recovery.

“It is always interesting for Novozymes to have
enzymes tested within a new industrial framework,”
explains Science Manager Hanne Hgst Pedersen of

Novozymes R & D, adding:

“The very first step would be to achieve proof of
concept, meaning to show that an enzyme or a microbe
could actually play a role in increasing oil recovery. The
next step would be to start optimizing this type of
enzyme to really fit the application. We have thousands
of enzymes and microbes in our collections of which
only a small fraction have ever been transformed into
commercial products - so we have plenty to pick from.

One possible mecha-
nism behind the ef-
ficiency of microbial
enhanced oil recovery
(MEOR) is reduction
of the interfacial ten-
sion (IFT) due to sur-
factant production by
the microbes. A range
of interfacial tension
studies will be car-
ried out.

BioRec gives us the possibility to have biotechnology
based solutions tested in laboratory models at relevant

downhole working conditions i.e. setups we would

never be able to run in Novozymes' own laboratories,
and we also get the important close contact to the po-
tential final end user companies operating in the field.”

Use of enzymes in oil recovery is still at an early

ment Manager, Novozymes

potential could be promising.”

stage, underlines Helle Simon Elbro, Business Develop-

“We are scouting for possible business opportuni-
ties by screening rather broadly among different types
of enzymes. The road to something that could become
a commercial product is very long. On the other hand,
should business opportunities arise at some point, the

is still quite a distance to go before the method can
be practically used, Alexander Shapiro stresses:

“Itappears to be possible to achieve significant
increases in recovery by injecting solutions con-
taining about 5 per cent of enzymes and 10-15 per
cent of surfactants. Obviously this in encouraging
but we have to realize that 5 per cent of enzymes
is not that little. As your average oil reservoir
would be about the size of a city, you would need
a large quantity of enzymes to cover the entire
reservoir. This would be too expensive. So we
need to do something. One approach could be to
find a smarter way of injecting so we don’t need
to cover the entire area. Another approach could
be a form of recycling the enzymes. Finally, we
might hope that lower concentrations would be
able to do the job.”

The financial contributions from the Danish
Advanced Technology Foundation and the
parties involved have made it possible to acquire
several pieces of new laboratory equipment.

“Equipment for investigating effects of water
flooding in oil fields is pretty standard and the
same goes for methods for investigating the fate
of bacteria in various media, but the combination
of these two techniques is non-standard. There
are specific questions that should be addressed:
how to create anaerobic conditions, how to main-
tain hot temperature in the flooded samples, but
instantaneously cool down the produced liquids
in order to suppress post-experimental bacterial
activity, how to measure distribution of bacteria
in the rock samples, and many other. We were
able to use some of our existing equipment but
are also purchasing several new instruments. As
a result we are able to do things that not many
other labs in the world could do,” Alexander
Shapiro states.

Mechanisms of universal relevance
While the prime focus is the North Sea it may
be possible to apply some results to fields el-
sewhere, the BioRec WP1 coordinator hopes:
“On the one hand the conditions in the North
Sea fields are complex both regarding minera-
logy and the microbiological environment and
characterized by non-trivial mechanisms, so
there is no guarantee that a method working
here could be directly transferred to other parts
of the world. One the other hand our research is
oriented towards mechanisms, so there is a good
chance that the experience and the insight we
gain will also have a more universal relevance.”
Alexander Shapiro also chairs DTU’s educa-
tional activities within petroleum engineering,
for which BioRec is also an inspiration:
“Training already includes lectures on
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sustainability but I am wondering whether
our education should be diversified further. It
seems to me that some biological aspects and
bio-enhancement in oil recovery specifically have
relevance to future petroleum engineers.”

This diversity is reflected in the BioRec
scientific staff that covers chemistry, chemical
engineering, applied mathematics and micro-
biology.

Danish, but internationalized

The programme includes 3 CERE faculty
members (the centre’s Director Erling Stenby,
Associate Professor Alexander Shapiro and
Associate Professor Nicolas von Solms), 3 Post
Docs (Sidsel Marie Nielsen, Sara Sandersen
and Igor Nesterov) and 3 PhD-students (Al-
su Khusainova, Christine Malmos and Ama-
lia Halim). Besides obviously Danish staff, the
programme has associates from Russia (trai-
ned in the UK), Indonesia (trained in Austra-
lia) and has a standing cooperation with a
Russian petroleum engineering group wor-
king on microbiology of Chinese petroleum
reservoirs.

“So even though BioRec is focused at the Da-
nish part of the North Sea, we have chosen to also
gain from internationalizing the programme. As
MEOR is an emerging field we find it important
to keep an open mind to ideas and methods
being developed in different countries and under
different academic traditions,” says Alexander
Shapiro, while emphasizing that the project also
draws on industry’s research capacity.

the possibility
to have biotechno-
logy based solutions
tested in laboratory
models at relevant
downhole working
conditions, i.e. setups
we would never be
able to run in Novo-
zymes' own labora-
tories, and we also
get the important
close contact to the
potential final end
user companies ope-
rating in the field.
Science Manager
Hanne Hgst Pedersen,
NovozymesR &D

, BioRec gives us

Equipment for investi-
gating effects of water
flooding in oil fields is
standard and the same
goes for methods for
investigating the fate
of bacteria in various
media, but in com-
bining these two
techniques CERE
needs to develop new
methodologies.
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WATER FLOODING 11

Xuan Zhang, PhD
Supervisor:
Alexander Shapiro

PhD Defense

Upscaling of the Two-Phase
Flows in Petroleum Reservoirs

Simultaneous two-phase immiscible flows in
porous media arise in a number of processes
in nature and industry. So called displacement
flows are of great interest in engineering. Most of
the research activity in this field is driven by the
needs of the petroleum industry, and its desire
to understand the dynamics of multiphase flow.

Multiphase flow modelling is extremely com-
plex. Since it is not possible to obtain very detailed
information about heterogeneous reservoirs,
and computations accounting for all details of
the reservoir structure are prohibitively time-
consuming, up-scaling techniques are needed to
get pseudo-properties of the reservoirs: pseudo
relative permeabilities and pseudo fractional flow
functions. These functions define average effective
properties on a large scale, based on small-scale
properties and their distributions.

This project presents a semi-analytical up-

scaling method. Many petroleum reservoirs may

be approximated by layered models where the
variation of reservoir properties orthogonal to
the reservoirs’ areal extent is larger than that in
the direction of the areal extent.

One of the oldest and most widely studied
industrial processes in petroleum engineering is
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water flooding - or displacement of oil by water
in petroleum reservoirs. This is the most widely
used and fundamental process for secondary oil
recovery. Other methods for enhanced oil recovery
(EOR), for example chemical flooding (surfactant,
polymer), thermal flooding (steam, hot water) and
gas flooding (air, carbon dioxide), are based on
similar physical processes.

The efficiency of an oil recovery method isto a
large extent determined by physical mechanisms
at the microscopic level, e.g. how the phases - oil,
water and gas — distribute in the pore space of the
geological rock. Prediction of macroscopic (field
scale) properties of a petroleum reservoir - such as
water cut, oil recovery curve, inter-layer commu-
nication - directly determines the selection of
recovery methods.

In the project a fast semi-analytical 1D
simulation method for two-phase immiscible
incompressible flow in a layer-cake reservoir has
been developed. It may be used for up-scaling of
water flooding in a stratified reservoir of a viscous
dominant regime. The essence of the proposed
method is to reduce the problem of 2D two-phase
immiscible incompressible flow to the multiple 1D
flow equations under the assumption of perfect
inter-layer communication or, equivalently,
vertical equilibrium.

For cases where the gravity effect is negligible,
the results obtained by the method are very close
to results obtained from complete 2D displacement
simulation, in both well defined multilayer reser-
voir models, as well as the models with log-normal
distributed permeabilities. For the cases where
gravity is not negligible, the error of the method
increases, but recovery is still calculated with
reasonable accuracy.

Comparison with 2D Simulations: Water sa-
turation profile for 2D waterflooding simula-
tion, at time=0.25 p.v.i. The horizontal axis is
the dimensionless distance along the reservoir,
and the vertical axis is the dimensionless height
(across the reservoir). M = 0.33.

Smart Water Flooding
- It Works, but why?

Injection of water has been used

in oil and gas recovery for decades.
However, recent findings suggest
that changing salinity or making other
modifications to the injected water
may increase vyields significantly. An
ambitious new program aims at un-
derstanding the mechanisms involved
in order to optimize the method.

hile water flooding is an absolute standard

method used by oil companies all over the
world every day in order to extract extra oil from
mature fields, the theoretical understanding of
the detailed mechanisms involved has never
been developed to the same level. A new pro-
gram — SmartWater - aims to change the scene.

“By the end of the program’s four year period
we will present a recipe, which companies can use
for pilot trials,” promises program coordinator
Professor Ida L. Fabricius, CERE.

“If the program results in justa small increase
in the yields from recovery, the economic effect
to the companies involved and to the Danish
society could be large.”

A bit unusually, the program was proposed
by the industry partners — Danish energy cor-
porations Maersk Oil and DONG Energy. CERE
was keen to accept the challenge.

“While a few other institutions may have
published more on water flooding than we have,
a fully satisfying explanation to the mechanisms
involved has not been presented. We believe that
we possess the right blend of expertise from
chemistry, geology, chemical engineering and
mathematics for the task. In my opinion it will
be very important to keep an open mind as to

SmartWater has a budget of approxi-
mately 2.5 million EUR. Half is provided
by the industry partners, while the
other half stems from the Danish EUDP
program (a program for development
and demonstration of energy techno-
logy) under the Danish Energy Agency

and the Danish research councils. CERE
contributes with academic staff. The
present budget allows for SmartWater
to run until 2015. CERE Chairman, Erling
H. Stenby, is overall responsible for the
program.

VAVAVA'
LAAAS

Maersk Oil - MOG 1
Photo: Maersk
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which scientific field - or fields — may hold the
key to the explanation we are looking for,” says
Ida L. Fabricius.

Sweet water works in sand

The program is focused on the Danish part of
the North Sea. However, the inspiration was
found in a different part of the world, in the
Middle East, where injection of sweet water
instead of the usual salt water proved to incre-
ase yields in sand reservoirs.

“It seems that using water with a salinity which
differs from the salinity of the water present in
the geological structures containing a reservoir
does have a desirable effect. However, we would
of course very much like to know why in order
to propose the optimal way to modify the water
for a given field,” Ida L. Fabricius explains, while
adding that just using sweet water is not likely
to be the best solution in the Danish part of the
North Sea.

“As the geological conditions in the North
Sea are very different from sand reservoirs in the
Middle East, different solutions could be needed.”

Also, salinity is not the only focus of Smart-
Water, she stresses:

“Once we understand the mechanism, we may
be able to suggest other modifications like having
specific ions in your water. Obviously, these would
have to be available in a cost-effective manner, but
still we have some options.”

Chalk and greensand

SmartWater is focused at two types of sedimen-
tary rocks in the Danish part of the North Sea,
chalk and greensand.

North Sea chalks are composed of microme-
ter sized fossils which are developed from the
diagenesis of pelagic calcareous ooze. Due to
small particle size, the chalk has a homogeneous
structure with high specific surface area. The high
specific surface of particles means that the solid
has large exposure to the fluid - be it either oil or
water from water flooding.

Greensands are composed of a mixture of stiff
clastic quartz grains and soft glauconite grains.
Glauconites are porous and composed of aggre-
gates of iron-bearing clay. Greensand petroleum
reservoirs can be found all over the world.

Samples of both types of rocks will be analyzed
in new advanced flooding equipment at CERE.
Samples will be provided by Maersk Oil and
DONG Energy, while sample saturation will be
provided by the Geological Survey of Denmark
and Greenland (GEUS).

An element of academic competition
One type of investigations which the project
coordinator holds exceptionally high hopes for
is nuclear magnetic resonance (NMR) spectro-
scopy.

“The NMR scans will allow us to map both the
pore size inside a sample and the distribution of
oil and water. In addition we hope to be able to
establish whether oil or water is in contact with
the wall of the pores,” says Ida L. Fabricius.

Besides herself, Associate Professor Alexander
Shapiro, Associate Professor Kaj Thomsen and
Assistant Professor Philip Fosbel are the faculty
presently involved in SmartWater. Monzurul
Alam participates as a Post Doc. Hiring for an
additional position as Post Doc and three PhD
positions is in progress.

The four present faculty members have very
different backgrounds, and Ida L. Fabricius - a
geologist herself — does not hide an element of
competition in the group to come up with the
best explanation to the mechanisms involved in
water flooding:

“Some of us have our pet theories. I am not
going to tell you what my own theory is, because
I really wish to keep an open mind at this early
stage. Itis intriguing that at the one hand we have
promised to provide a very simple product, which
is a recipe for pilot projects in the North Sea, but
on the other hand the theory we need to develop
first can be very complex.”

Besides chalk, the
SmartWater pro-
gram will focus on
greensands (pictu-
re). Greensands are
composed of a mix-
ture of stiff clastic
quartz grains and
soft glauconite grains.
Glauconites are
porous and composed
of aggregates of iron-
bearing clay.

By the end of

the program's
four year period we
will present a recipe,
which companies
can use for pilot
trials. If the program
resultsinjusta
small increase in the
yields from recovery,
the economic effect
to the companies
involved and to the
Danish society could
be large.
Professor
Ida L. Fabricius, CERE

Zakir Hossain, PhD
Supervisor:
Ida L. Fabricius

Initially greensand is
a mixture of mainly
quartz and glauconi-
te. As cementation

takes place greensand
properties will chan-
ge. Various rock-phy-
sical models were de-
veloped in the project
to predict changes in
elastic properties and
other factors.

PhD Defense

Rock-physics modelling of
North Sea greensand

Greensands are composed of a mixture of
stiff clastic quartz grains and soft glauconite
grains. Glauconites are porous and composed of
aggregates of iron-bearing clay. While greensand
petroleum reservoirs can be found all over the
world, evaluation of these reservoirs remains a
challenge to geologists, engineers and petrophy-
sicists.

In the project, greensands from the Hermod
Formation and the Ty Formation in the Nini
field of the North Sea were studied by a series of
laboratory experiments including core analysis,
capillary pressure measurements, NMR (nuclear
magnetic resonance), acoustic velocity measure-
ments and electrical properties measurements.
Also CO: injection experiments were done, just
as thin sections and BSE (backscattered electron
micrographs) images were available.

The central part of the study is rock-physics
modelling of greensand. Rock-physics model-
ling is becoming an integral part of geophysics,
petrophysics and geology. Rock-physics modelling
bridges the elastic properties and the geological
properties.

Combined with thin section observations, the

rock-physics modelling in the project indicates that
variations in the elastic properties of greensand
can be explained by two main diagenetic phases:
silica cementation and berthierine cementation.

Initially greensand is a mixture of mainly
quartz and glauconite. As cementation takes
place greensand properties will change. Various
rock-physical models were developed to predict
changes in elastic properties and other factors.
NMR studies were used to describe the fluid
related dispersion in greensand.

In the final part of the study CO: injection
effects on physical properties of greensand were
investigated. Laboratory results indicate that CO2
injection has no major effect on porosity, electrical
properties and elastic properties of greensand.
In contrast, permeability increased after CO:
injection. An NMR permeability modelling ap-
proach was used to evaluate the effect on matrix
permeability of CO: injection. It appears that
permeability after CO: injection increased not
due to fracturing but rather due to an increase
of macro-pores in the greensand. The increase of
macro-pores size is probably due to migration of
fine pore-filling materials.
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Rock Physical Aspects of
CO; Injection in Chalk

Enhanced oil recovery (EOR) by injecting
supercritical CO: in depleted hydrocarbon
reservoirs addresses two global issues at the
same time: reducing CO: in the atmosphere and
increasing oil production. Chalk reservoirs in
the Danish part of the North Sea are of particu-
lar interest for applying this method. Because of
high porosity the storage capacity of these chalk
reservoirs are high, while on the other hand
conventional oil recovery processes like water
flooding are less effective.

As COz-EOR s a relatively new method a range
of questions need to be answered regarding the
impact of injection to the physical composition of
the chalk. Among other methods, the project used
sonic velocity measurements to study permeability
and other key features.

In the project, the impact of supercritical
CO:2 on the petrophysical and rock-mechanics
properties was investigated on samples from
the Ekofisk Formation and the Tor Formation
chalk from South Arne Field, Danish North Sea.
The chalk is characterized by high porosity and

low permeability. Injection of supercritical CO:
increases mobility of the oil and at the same time
high porosity provides large storage capacity. A
series of laboratory experiments were focused at
changes in porosity, specific surface, pore stiffness,
wettability, mineralogy and mechanical failure.

In order to understand the development of
chalk from calcareous ooze and achieving pore
stiffness, the diagenesis process of a sedimentary
sequence from Kerguelen Plateau in the Indian
Ocean was studied.

Reservoir compaction is a result of both elastic
and plastic deformation, while sound velocity only
characterizes elastic properties of rocks.

Due to supercritical CO: injection a 2-3 per cent
increase in porosity was observed, just as a minor
smoothening of particle surfaces and a consequent
small increase in permeability and a decrease in
elastic stiffness. No significant increase in wet-
tability was noticed. It was found that the effect
of CO: injection on both petrophysical and me-
chanical properties of chalk depend on carbonate
content. Pure chalk with high carbonate content is
relatively prone to mechanical weakening due to
CO: injection, while no significant effect was ob-
served in relatively impure chalk from the Ekofisk
Formation. In spite of mechanical weakening only
minor compaction is expected because effective
stress is decreased due to an increase in effective
stress coefficient.

Extensive time-lapse monitoring strategies
are required during a CO:-EOR process for the
measurement of changes in reservoir properties
that may cause deformation of and leakage from
a reservoir. The results of this study will provide
data for designing future monitoring strategies
based of 4D seismic measurements.

Injection of supercritical CO, increases mobili-
ty of the oil and at the same time high porosity
provides large storage capacity. A series of labo-
ratory experiments were focused at changes in
porosity, specific surface, pore stiffness, wettabi-
lity, mineralogy and mechanical failure.

Philip Fosbagl,
Assistant Professor

On a global scale

itis evident that
coal will play a large
role for many years
and also, that carbon
capture will be im-
plemented.
Philip Fosbgl,
Assistant Professor,
CERE.
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A Dedication to
Carbon Capture

By hiring Philip Fosbgl to a new
faculty position as Assistant Profes-
sor, CERE marks a further upgrade of
its CCS (Carbon Capture and Storage)
activities.

uch like the tide varies between high and

low, so does the political focus on carbon
capture go up and down. Still, CERE’s commit-
ment to the field remains unchanged. The latest
confirmation of this fact is the hiring of Philip
Fosbel for a new Faculty position as Assistant
Professor.

With a background of writing his Masters at
CERE, then working firstly asa PhD student and
later as a Post Doc, Philip Fosbel was already
an established figure at the centre as he entered
the new position by December 1st 2011. Still, by
choosing him for the position CERE reaffirms its
commitment to CCS research. While topics and
angles in his previous projects have differed, car-
bon dioxide has been the common denominator
for most of them.

“Obviously the outlook for CCS is closely
linked to the discussions over the future of coal.
Some countries are aiming directly for a green

energy future and may thus not presently see
a need for a cleaner form of coal based energy.
However, on a global scale it is evident that coal
will play a large role for many years and also,
that carbon capture will be implemented,” says
Philip Fosbel.

Europe looking to “decarbonise”

To justify an ongoing CCS focus one needs only
to look at the energy policies of the EU. The uni-
on has committed to a 20 per cent reduction of
carbon emissions by 2020, and sees CCS as a ne-
cessary means.

“Reinventing our carbon intensive infra-
structures is critical if we are to meet our EU
and global climate change objectives. Achieving
emissions cuts of 80-95 per cent below 1990 levels
by 2050 requires a process of “decarbonising”
the economy. For this to materialise new and
innovative low-carbon technologies will have to
be developed and deployed,” according to the
web page of the Directorate-General for Climate
Action (DG CLIMA), going on to state:

“DG CLIMA makes sure that innovative
technologies are deployed safely and that their
risks are properly managed. The main issue here
concerns carbon capture and storage (CCS) which




16

CARBON CAPTURE

CARBON CAPTURE

17

BIGSTOCKPHOTO

along with energy efficiency and renewable energy
technologies, is expected to make an important
contribution to meet global greenhouse gas emis-
sion targets.”

The EU efforts are coordinated by the so called
CCS Project Network. The aim is to have a number
of demonstration projects running by 2015 and
commercially viable CCS by 2020.

Increasingly international in scope

CERE takes part in a number of CCS projects
funded by EU sources, among them the Frame-
work 7 program “iCap” - where the “i” is for
“Innovation”. While Norwegian university NT-
NU is the overall coordinator, CERE coordi-
nates the core of five work packages. The work
package involves thermodynamic modelling. In
other words the participating CERE researchers
are the link between experimental results and
later simulations done by other partners in the
program.

The next EU initiative coming up is to be DG
CLIMA’s demonstration support initiative, the
NER300 funding programme. The programme
is expected to provide substantial funding for
large-scale demonstration of low-carbon energy
technologies in Europe and will be the world’s
largest programme in this area.

“Naturally we are keen to participate. Through
iCap and other EU programmes and projects we
already have collaboration with a large number of
companies and academic partners in Europe. We
expect our CCS activities to become increasingly
international in scope,” Philip Fosbel comments.

Chilled ammonia - hyped for a reason
Unlike many other scientists working with car-
bon capture, Philip Fosbel hasn’t yet picked a
favourite capture technology. His works up till
now have included practically all known sol-
vent based capture techniques and even a few
that are still only sketches. Thus he is able to gi-
ve a fairly objective overview of the status of the
various techniques which might challenge the
well established method of capturing carbon di-
oxide using alkanolamines as solvent.

Firstly he points to the “chilled ammonia”
process. Chemically speaking ammonia is a
suitable solvent for carbon capture, but at room
temperature ammonia would vaporize from the
solution. Therefore ammonia has to be added in
chilled and pressurised form.

“The chilled ammonia has been “hyped” quite
a bit lately, but actually this has some justification.
A major advantage is the fact that ammonia is a
light molecule, meaning that you have a high ca-
pacity for transporting carbon dioxide per weight

unit of solvent. This again means less energy
consumption for pumping. Another advantage
is that the solvent is inexpensive, and it does not
decompose on reaction. The downside is that the
cooling represents some practical challenges and
extra costs as it requires energy. Still, the chilled
ammonia process is considered well advanced
and it could be one of the competing technologies
to challenge alkanolamine processes in the near
future,” the newly appointed Assistant Professor
states.

lonic liquids and amino acids

Another CERE project - carried out in coop-
eration with DTU Chemistry - addresses ionic
fluids. Professor Rasmus Fehrmann and colle-
agues at DTU Chemistry have previously been
successful in utilizing ionic liquids for sulphur
dioxide capture. This fostered the idea of using
ionic liquids for capturing carbon dioxide in
cooperation with CERE’s experts.

Initial studies are promising, according to
Philip Fosbel:

“Unlike practically all other solvents the
ionic liquids have the significant advantage that
they are unable to vaporize. Even if heated they
remain and are ready to be used again and again.
The downside is that they are relatively heavy so
you need to apply more energy for pumping. But
then again, it is a quite new field and I still see
many opportunities for further development.”

Also a number of other techniques - some
still at an early stage of development — may enter
the scene.

“All have their own qualities. Take for instan-
ces the novel technique of using amino acids as
solvent. Most amino acids are completely safe
in relation to human health - some are even
nutritional! Thus their advantage in respect
to both the external environment and work
environment is evident.”

Corrosion needs to be addressed

Besides the various innovative techniques CERE
also maintains a focus on optimization of the
present number one technique, which is alka-
nolamines.

“It is harder than ever to predict which
technique will be proven to be the best,” Philip
Fosbel sums up.

For industry and academia faced with de-
cisions regarding capture techniques the team
at CERE has developed a software tool, the
“CapCOy”. The software is already available to
CERE industry Consortium members.

Philip Fosbel is the main contributor to
“CapCOy” but stresses that he doesn’t want to

EU Carbon Capture Initiatives

Under the European Economic Recovery
Programme around one billion EUR are
allocated to CCS (Carbon Capture and
Storage) demonstration.

The Directorate-General for Climate
Action (DG CLIMA) is the EU's primary
responsible entity for CCS activities.

DG CLIMA's upcoming demonstration
support initiative, the NER300 funding
programme, is expected to provide sub-
stantial funding for large-scale demon-
stration of low-carbon energy techno-
logies in Europe and will be the world'’s
largest programme in this area.

The Directorate-General's web site de-
scribes the role of CCS as: “Carbon capture
and geological storage is a technique for
trapping carbon dioxide as it is emitted
from large point sources, compressing it,
and transporting it to a suitable storage
site where it is injected into the ground.
The technology of carbon capture and
storage has significant potential as a
mitigation technique for climate change,
both within Europe and internationally,
particularly in those countries with large
reserves of fossil fuels and a fast-increa-
sing energy demand.”

spend all his time in software development:

“I have always split my time between the lab
and the computer. Both are important in what
we do.”

While keeping an open mind regarding
capture techniques he admits to have a current
pet focus of a different kind:

“I hope to be able to initiate research in cor-
rosion prevention. It is well known that carbon
dioxide is highly corrosive. No matter which
technique will be chosen for capture we will
always face a challenge of transporting carbon
dioxide and thus also a risk of corrosion in pipes
and other equipment. We might as well address
this subject now.”
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CO, Capture using
Agqueous Ammonia

hilled ammonia has gained attention as a

possible alternative to alkanolamine based
techniques for post combustion carbon cap-
ture at power plants. The project investigates the
performance of two chilled ammonia capture
solutions.

Chemical absorption of carbon dioxide using
amines is a well established process with years of
experience around it, and it can be retrofitted to
existing power plants. Thus, alkanolamine-based
post-combustion capture (PCC) is considered state
of the art technology for CO, removal from flue
gases. The most commonly used amine is MEA,
monoethanolamine.

However, use of amine solutions is associated
with high heat consumption (3,500-4,000 kJ/kg
CO,) and a high degradation rate of the amines
- both factors contribute to higher costs. Thus it
would be highly interesting to consider alternative
capture techniques.

Capture using aqueous ammonia exists in two
variant. The first variant absorbs the CO, at low

Flow sheet of the CO, absorber
Pure CO»

Ammonia
and water
(from condenser)

Desorber

CO; Lean

temperature (2-10 degrees C). It is being developed
by Alstom and is called the Chilled Ammonia
Process (CAP). The second process absorbs CO,
at ambient temperature (25-40 degrees C). Ac-
cording to the CAP patent, the heat requirement
for CO, desorption is significantly lower that for
conventional amine processes. In addition, by
using ammonia, degradation problems can be
avoided and a high carbon dioxide capacity can
be achieved. Hence, this process seems promising.
The present project aims to increase the scientific
understanding of the CAP process.

Using the Extended UNIQUAC model for the
CO,-NH;-H,0 system proposed by Thomsen
and Rasmussen (1999) the project undertook
thermodynamic studies of both CAP techniques.
According to these studies, the heat requirement
in the desorber was 1,850 kJ/kg CO,. This is signi-
ficantly lower than for the MEA process. However,
the study also showed a high vapour pressure of
ammonia in the absorber and thereby a need for
extensive washing sections.

The CAP technique also requires use of a NH3-
stripper, and the lowest total heat requirement for
the desorber and the NH;-stripper found in the
study was 2,700 kJ/kg CO2. So still well below the
heat requirement for the MEA process.

A drawback of the CAP process compared to
MEA based capture seems to be a lower rate of
carbon absorption, which again calls for a larger
absorber column. In collaboration with Hamburg
University of Technology comparative studies
of the net efficiency penalty of CAP and MEA
were conducted. Using modelling of the rate of
absorption of carbon dioxide by aqueous ammonia
and the simulation results, the dimensions of the
absorber columns was estimated. An absorber
about twice as high as the one used for the MEA
based process was found to be required to reach
90 per cent capture using chilled ammonia.

The project was an In-
dustrial PhD project
co-supervised by Wil-
ly van Well, DONG
Energy, and Erling H.
Stenby, CERE.

Bjgrn Maribo-
Mogensen, PhD
Student and Software
Manager, CERE

CoLAN consortium

logo. Ten years ago,
CoLAN initiated
efforts to create stan-
dards that make
CAPE Open more
accessible.

Thermodynamic

Simulations

- Learn to Love Them

While computer simulation tools
are available in practically all fields
of applied thermodynamics, some
of the most advanced models are
still not widely used by industry. A
dedicated team at CERE is set on
changing the scene.

In most offices at CERE you will see a white
coat hanging in the corner, but Bjern Maribo-
Mogensen is an exemption to the rule. Filling a
dual position as both a PhD student in thermo-
dynamic modelling and the centre’s software
manager he is one of the few members of
CERE’s scientific staff without tasks to perform
in the lab facilities.

Besides contributing to theoretical develop-
ments in thermodynamic models where he
works to extend the Cubic Plus Association
(CPA) equation of state to complex mixtures
containing electrolytes, he is also engaged in an
overall effort to make the centre’s developments
more accessible to industry and other partners.
This is done through development of thermody-
namic models that can be plugged into process
simulation tools as e.g. CAPE-OPEN modules or
Aspen Plus User Models. The latest achievement
is a new CAPE-OPEN library which defines a
simplified interface for creating CAPE-OPEN
compatible modules.

“The new interface makes it possible for what I
would call the average scientist — with no special
insight in programming - to present his results
as CAPE-OPEN modules. Obviously, the more
content you'll find in the CAPE-OPEN format,
the more interesting will it be to potential users in
industry and at other research institution,” Bjern
Maribo-Mogensen says.

The Esperanto of process simulation

CAPE-OPEN can be seen as the “Esperanto” of
process simulation. The standard is a suite of
protocols that enables different tools created by
different companies, individuals or research in-

stitutions to communicate.

The CAPE-OPEN standard is maintained by
the not-for-profit CAPE-OPEN Laboratories Net-
work (CO-LaN) consortium, which was formed
in February 2001 from the Global CAPE-OPEN
project. The network aims to ensure the interope-
rability of process simulation components.

“The basic idea is to allow for e.g. new unit ope-
rations and thermodynamics models to be shared,
but without giving away source coding and other
details that could be subject to confidentiality.
Unfortunately, this dual purpose means that a
communication platform like CAPE-OPEN can
never be so simple,” according to Bjern Maribo-
Mogensen.

However, it was soon realized that the first
versions of the programme were just too complex.
Ten years ago, the CoOLAN consortium under
the EFCE (European Federation of Chemical
Engineering) initiated efforts to create standards
that make CAPE Open more accessible. CERE
has taken part.

“I'would say that the efforts under COLAN have
succeeded in creating CAPE-OPEN examples
which are fairly simple to use as a starting point
for a professional programmer. But the average
researcher in either industry or academia would
still have to spend a considerable amount of time
learning to use it, as it requires indepth knowledge
of how the CAPE-OPEN communication protocol
is defined. We have succeeded in simplifying this
task drastically,” says Bjorn Maribo-Mogensen,
adding:

“In fact we haven’t made CAPE-OPEN simpler,
but the new library hides a lot of the complexity
from the user.”

Gaining in predictive power
A high level of utilization of CAPE-OPEN is not
a goal in itself.

“But once more people get experience with
CAPE-OPEN it will bring our other develop-
ments much closer to application. We know that
industry takes great interest in this. Especially,
of course, the companies that sponsor specific
research programs are keen to access the results
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In fact we haven't
made CAPE-
OPEN simpler,
but the new library
hides a lot of the
complexity from
the user.”
Bjgrn Maribo-
Mogensen,
PhD student and
software manager,
CERE

and should be able to do so easily, but also others
have expressed interest.”

While holding a Masters degree in chemical
engineering, Bjorn Maribo-Mogensen also sees
himself as a programmer.

“Programming caught me in high school. Well,
actually I began already in primary school, but
during high school my interest took a serious
turn.”

At CEREFE’s Discussion Meeting 2011, some
industry representatives expressed concern over
thermodynamics being left too much over to
computer modelling. Computer simulations
should not totally replace empirical data, they
argued. Bjorn Maribo-Mogensen understands
the view point:

“You still need to obtain your traditional
experimental data. But I am happy to note that
the predictive capability of our models is getting
ever stronger. We are getting really close to what
the experiments show.”

Learn to love simulations
Even the best models will not make experi-
ments redundant, he stresses:

“We still need experimental data to verify
the performance of models. But, as the models

improve, we can refine the experiments so we
don’t need to do as many but can instead focus
on getting a high quality of data from exactly the
experiments we need to fill gaps.”

Therefore, anybody involved in thermodyna-
mics in either industry or academia may just as
well, if not a fan already, learn to love computer si-
mulations, according to Bjern Maribo-Mogensen:

“The problems waiting to be solved are getting
increasingly complex. If you look at oil recovery
you have ever more complex conditions as you
move to deeper or more remotely located fields
where you need to have large amounts of hydrate
inhibitors and other chemicals present in your
mixtures. Then you have the whole area of carbon
dioxide capture where a lot of potential solvents
- ranging from amino acids to ionic liquids and
many others — are available. Also a number of
other problems relevant to energy production or
industry processes include complex mixtures.
So, as things get complex there is no way around
applying simulations as one of your tools.”

Mohammad Riaz, PhD
Supervisor: Georgios
Kontogeorgis

PhD Defense

Distribution of Complex
Chemicals in Oil-Water Systems

eep water oil and gas exploration and produ-
Dction have increased significantly in recent
years. Production at deep water involves a number
of challenges. For instance, the deepwater environ-
ment exposes the flow lines to temperatures near 4
degrees C, which can create production problems in
sub-sea flow and pipework due to formation of gas
hydrates. These hydrate plugs have been known to
form as long as 6.2 miles and have blocked pipelines
up till 40 inches in diameter. In order to inhibit gas
hydrate formation monoethylene glycol (MEG) and
methanol are injected in large amounts.

The purpose of this project is to map the distribu-
tion of these complex chemicals in oil-water systems
through a combination of experimental measure-
ments and thermodynamic modelling. It is important
to know the distribution of these chemicals in oil
and water systems for economical operation of a
production facility and to evaluate their impact
on marine life; while this information is also of

value for downstream processing of oil and gas.

In order to develop a thermodynamic model
for this purpose, experimental data are required.
However such data with natural gas-condensate /
oil systems are very rare in literature. In this project
experimental work has been carried out at Statoil
Research Center in Norway.

The mutual solubility of two North Sea con-
densates, MEG and water has been measured in
the temperature range of 275-326 K at atmospheric
pressure. The detailed composition of condensates
was measured by GC analysis and 85 components
are identified up to n-nonane and hundreds of
ill-defined components in decane plus fraction.

The systems of water, hydrocarbons and che-
micals represent complex mixtures containing
associating polar and non-associating compounds.
Widely used equations of state in the oil and gas
industry such as SRK and PR cannot describe such
systems satisfactorily. It has been shown previously

Rasmus Risum

Boesen, PhD
Today works with
Calsep
Supervisor:
Nicolas von Solms
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Investigation and Modelling of
Diesel Hydrotreating Reactions

growing number of countries have demands
for ultra low sulphur diesel (ULSD). While the
world’s sulphur emissions have already been dra-
matically reduced, even small amounts of sulphur
in diesel will disturb the catalyst responsible for
reducing nitrogen-oxides from the exhaust gas. In
other words: in order to reduce the emissions of
nitrogen-oxides one needs to have ultra low sulphur
content.

The project, which is carried out in collaboration
with Haldor Topsee A/S, investigates hydrotreating
of diesel. Hydrotreating is an important refinery
process, in which the oil stream is upgraded to meet
the required environmental specifications and have
the required physical properties. In a hydrotreating
reactor a mixture of liquids (primarily oil) and gas
(primarily hydrogen) trickle downwards through
a porous catalyst. The result is sulphur bound to
hydrogen in the form of H,S.

The process is complex, as the performance of the
reactor is governed by intrinsic kinetics, diffusion in
the pores of the catalyst, mass transfer between the
phases and the equilibrium between the gas and the
liquid phase.

The hydrogenation of aromatics during hydrot-
reating is important, as the aromatics content of the
product influences the properties of the product, and

since the conversion is important for the hydrogen
consumption. It is well-known that saturation of
fused aromatic rings can be limited by thermodyna-
mic equilibrium at typical industrial hydrotreating
conditions. Equilibrium constants have been calcu-
lated based on experimental measurements for the
hydrogenation of naphthalene and phenanthrene.

Feeds used in the hydrotreating process are com-
plex mixtures with a large number of compounds. In
this work a model-diesel feed consisting of 13 com-
pounds, representing the most important component
classes, has been hydrotreated on a commercial NiMo
catalyst. The difference in reactivity and behaviour
of the different compounds has been investigated.

A steady-state trickle-bed reactor model has
been set up. The heterogeneous model considers
co-current flow of two fluid phases, gas and liquid.
As reactor models are becoming an important tool
to understand the process, detailed kinetics models
are needed. So called Robinson-Mahoney reactors
allow for direct measurement of reaction rates and
can thus be used to develop kinetic models. A reactor
model for a Robinson-Mahoney reactor that takes
mass transfer into account is presented, and it has
been used to test a set of kinetic models at industrial
conditions.

that the Cubic Plus Association (CPA) equation of
state proposed by Kontogeorgis et al. is at suitable
model for such mixtures.

In the project CPA was shown to predict a
number of key factors in multi-component systems
satisfactorily; i.e. methane content of liquid phase
over arange of temperature and pressure. CPA was
also applied to alkane + water and alkylbenzene
+ water systems.

Finally, CPA has been extended to reservoir-
fluid + MEG and reservoir-fluid + MEG + water
systems. The reservoir fluid consists of three
condensates and two oils from the gas fields in the
North Sea. The mutual solubility of condensates
and MEG was satisfactorily correlated. Similarly
the mutual solubility of condensate/oil, MEG
and water was predicted satisfactorily. Also the
experimental trends in mutual solubility as a
function of the temperature and MEG content in
polar phase was predicted satisfactorily.

A simplified sketch of MEG regeneration system
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GEOPHYSICS

CERE's geophysics group has
produced a computational tool for
finding the geological structure of
an oil and gas reservoir; a task previ-
ously not possible within practical
time frames.

nown as history matching, the traditional
method for modelling the permeability
structure of an oil and gas reservoir by use of
data from production is to have your computer
search for known reservoir models that match
the data observed. While history matching will
continue to be a valuable tool for industry and
academia, the geophysics group at CERE has
succeeded in developing an alternative method.
“History matching is not the ideal tool because
the solutions you get will typically not resemble
the true geological structure. For instance they
will neither have the characteristic geological
layers, nor the channels known from real geology.
Instead such features are hidden or averaged out.
Further, history matching most often results in
two or more different solutions that could match
the oil production observed,” says Professor Klaus
Mosegaard, head of the group, adding:
“However, alternative methods that can be
applied within acceptable time frames have

A Companion for
History Matching

previously not been available as they have been
too demanding in terms of computer resources.”

In the alternative approach, firstly the group
will find a reservoir model which is known to
have some resemblance to the reservoir which is
to be investigated. Secondly, a geology expert will
elaborate the model into a sketch of the basic type
of structure that can be imagined for the reservoir
in question (illustration A).

“We are aware that the real reservoir from
which we have data from actual production will
notlook like this model. However, we do know that
certain key features will be right; in the example
first of all the way that the two dominant geolo-
gical materials are arranged in the characteristic
winding patterns,” Klaus Mosegaard explains.

“So, when we have our computer search for
possible matches to the production data - much
like it would do in traditional history matching
- we have inserted an algorithm which only al-
lows for solutions, which resemble the sketched
structure.”

An illustration of a solution is shown in illu-
stration B. Finally, illustration C shows calculated
oil saturation in the reservoir at a given moment.

“To our knowledge this is the first time an
algorithm allowing this type of calculation within
a practically acceptable time horizon has been
developed,” Klaus Mosegaard concludes.

In the new method,
firstly a geology expert
will sketch the type of
structure known to

exist in the reservoir
(A). In the example is
shown a structure for
a hypothetical reser-
voir with two types of
dominant geological
material; the darker
areas have high per-
meability, the bright-
er have low permeabi-
lity. The computer will
then search for solu-
tions that match data
from production, but
only allowing a soluti-
on that agree with the
sketch’s features. A so-
lution is shown in (B).
Finally (C) shows cal-
culated oil saturation
in the reservoir at a gi-
ven moment.

Wei Yan,
Senior Scientist, CERE

| am convinced
, that the tools
we develop are of
genuine interest
to a large number
of engineers who
need accurate de-
scriptions of phase
equilibria and other
important properties
in their daily work.
Senior Scientist
Wei Yan, CERE

Having worked with the Center since
2001, Wei Yan fills a new strategically
important position at CERE.

COnferences with joint participation from
industry and academia often display some
friendly teasing between the two groups, but
when some industry representatives at CERE’s
Discussion Meeting 2011 voiced mild frustrati-
ons over certain thermodynamic models being
too complex and heavy in regard to computer
resources, one of the Centers’ researchers al-
most jumped up from his chair to take the floor.
To Wei Yan this topic is very close to heart.

“It is my dream to bridge the models we create
with the needs of industry. I am really convinced
that the tools we develop are of genuine interest
to a large number of engineers who need ac-
curate descriptions of phase equilibria and other
important properties in their daily work,” Wei
Yan says.

“We have to realize, though, that we often
need to simplify our models if we want them to
be applicable to industry. But at the same time we
also want our models to give their descriptions
as accurately as possible. There isn’t a simple
solution to this dilemma. It is very challenging
and it is something we have to think about and
improve constantly.”

Mandarin Speaking
Senior Scientist

NEWS FROM CERE

A position of strategic importance
During his PhD-studies at the University of Pe-
troleum in Beijing, China from 1996, Wei Yan
took interest in works by the thermodynamics
group at DTU around the UNIFAC model and
stability analysis for flash calculation. After ob-
taining his degree from the university in Beij-
ing in 1999, he employed at the university as a
teacher, but kept in contact with the centre at
DTU. In 2001 he was offered a post doc position
at DTU and accepted.

“I was attracted by the fact that CERE on the
one hand has a very high scientific level but on
the other hand also has strong commitment to its
research being application oriented,” he recalls.

“The research group around thermodynamics
at CERE has existed for 30 years. This is quite
mature for this field, and we have easy access to
all publications made during the centre’s entire
existence. This is a major stronghold. Also the
transfer between generations of scientists is
running smoothly.”

After his post doc Wei Yan worked as re-
searcher in various CERE projects. Now he has
been employed in a newly created position as
senior scientist in CERE at DTU Chemistry. The
position is of strategic importance to CERE and
will allow him to use his broad experiences both in
experimental and theoretical thermodynamics to
contribute to different scientific areas in the Center.

Looking forward to further collaboration with China

Wei Yan still feels well connected to his
country of birth and speaks mandarin with
a Beijing dialect, in which his countrymen
- at least according to himself! - are not
able to sense that he has spent a decade

abroad.

Obviously he is also part of the ongoing
collaboration between CERE and the Uni-
versity of Petroleum in Beijing and other
Chinese institutions. A collaboration which
has gained further strength as China Petro-

leum & Chemical Corporation - or Sinopec
Corp - joined CERE's industry Consortium
in 2009.

“I had the opportunity to visit their
laboratories in Beijing recently, and | was
impressed by the scale of investments
they are making. They are upgrading their
equipment very fast and | am looking
forward to finding ways to set up further
collaboration,” Wei Yan comments.
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“In my new capacity, I will be less dependent
on the time frames of individual projects. It
will give me more flexibility and more scope
to pursue my own ideas,” he states.

Improving the speed of calculations

As thermodynamic modelling is an inte-
grated part of most activities at CERE, Wei
Yan plays a role in many projects. For instan-
ce, he is the prime responsible for the centre’s
engagement in CompSim, which is a project
dedicated to compositional reservoir simula-
tion:

“This is of course not a new topic. To
describe the strong compositional effects
in reservoir processes like gas injection, an
accurate compositional model is required.
Meanwhile, we would like to improve the
speed of calculations with the more compli-
cated fluid model. It requires an integrated
effort on models, algorithms, and implemen-
tations.”

“The efficient flash algorithms developed
in CERE form the basis of our study. By al-
lowing approximation to a certain extent, the
simulation speed can be further improved. The
method can also be applied to more compli-
cated thermodynamic models. I hope we will
be able to attract more attention to our methods
and to persuade industry to integrate them.
I am convinced they can be of great value to
many engineers out there.”

The thermodynamic models produced at
CERE will often need to be simplified in order
to be applicable to industry. But at the same
time the models need to give their descriptions
as accurately as possible. There is no simple
solution to this dilemma.

At a well attended ses-
sion, Dr. Dengen Zhou
of Chevron visited
CERE to present a
highly interesting CO:
injection case.

A Chevron View at

Carbon Dioxide Flooding

n 2010, Danish studies coordinated by CERE

found carbon dioxide flooding to be a sur-
prisingly efficient EOR method in dense chalk.
This has raised awareness to the method in
Denmark, and the centre was pleased to host a
seminar at October 4th 2011, where Dr. Dengen
Zhou of Chevron Energy Technology Company
presented US carbon dioxide flooding experi-
ences.

Since 2010, Dengen Zhou has led Chevron’s
CO, Center of Excellence. From 2007 to 2010, he
serviced as Engineering Technical Team Leader
in Mid-Continent /Alaska (MCA) Business Unit,
responsible for design and optimization of CO,
flood EOR projects. Before he started working on
CO, projects, Dengen Zhou was the subsurface
coordinator for a heavy oil development project
in Bohai Bay, China for four years, representing
Chevron’s interests through all project phases
from design, to implementation, to production.
Dengen Zhou started his Chevron career as a
consulting engineer and worked on a wide range
of recovery optimization projects: waterflood
optimization, gas production and storage and
miscible gas injection. He holds a BS degree in
Chemical Engineering from the China University

of Petroleum, and a PhD degree in Chemical
Engineering from DTU.

Dr. Zhou presented a CO, injection case
history from Reinecke field located in the Penn-
sylvanian Canyon Reef trend in West Texas.
The field consists of two main parts; a southern
structural dome (South Dome) and a northwest
region. The South Dome has been CO, flooded
for about 10 years using a gravity-stable/straight
CO, design.

Ten-year’s production data from the field
suggests a limited success of the gravity-stable
design with excellent initial CO, incremental
responses but significant operational and re-
servoir management challenges as the injection
matures. Comparison of the design concept and
the actual field performance reveals the key gaps
in this original design. Field performance and
geological characterization suggest that CO,
channels through high permeability conduits
and short-circuits the original gravity stable
design, which lead to high gas recycling and high
CO, utilization factor. An optimization plan is
proposed to convert continuous CO, injection to
WAG to improve the field operability and field
recovery efficiency.
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New Faculty Member

An Entrepreneur and a Scientist

riginally writing both his Master Thesis and

PhD Thesis within chemical engineering,
Associate Professor John Bagterp Jorgensen has
spent most of his career as a computer model-
ling specialist. Over recent years his interest
has returned to its starting point as several
applications of his work within predictive com-
putational models have proven relevant to che-
mical engineering. These include optimization
of oil recovery and modelling of smart energy
systems capable of integrating large amounts of
highly variable, renewable energy sources.

Shortly after completion of his PhD, John
Bagterp Jorgensen was engaged in a start-up
company delivering predictive computational
models for specific industry purposes. A number
of major Danish industries were among its clients.
However, he decided to resume his academic
career and was offered a position as associate
professor at DTU Informatics.

Through the Joint Industry Project ADORE,
coordinated by CERE, John Bagterp Jorgensen
has worked with members of the CERE Industry
Consortium on predictive computational models
aimed at optimization of oil recovery. With the
recent broadening of CERE’s general scope to
include a range of energy technologies, also
cooperation with other CERE faculty on models
for smart energy systems has become relevant.

Thus, it was natural for John Bagterp Jorgensen
to become a CERE faculty member by May 2011.

The position is dual meaning that he isboth a
member of the CERE Faculty and of the Faculty
of DTU Informatics.

Two new Professors at CERE

In 2011, two CERE faculty members were appointed Professors.

da L. Fabricius was appointed Professor in Petroleum Engineering
Geology at DTU Civil Engineering as of September 1st 2011. She holds

All classes participa-
ting in the PetroChal-
lenge competition are

invited to visit CERE

where demonstrations
of the Centre’s equip-
ment are given.

Danish PetroChallenge Winners

team from the Danish high school CELF

HTX, Nykebing Falster, won not only the
Danish version of the international PetroChal-
lenge competition 2011, but also the internatio-
nal final held in London.

Since its introduction in 2005, the Danish
version of the PetroChallenge competition has
steadily attracted a growing number of high
schools, setting a new record for participation
each year. 1,250 students from 30 high schools
engaged in the competition’s virtual hunt for
undiscovered offshore oil reserves in 2011.

The Danish branch of the PetroChallenge

competition is organized by CERE. In all coun-
tries involved, students use the OilSim simulation
tool developed by Simprentis - a tool also applied
in real oil discovery.

During the competition the various phases
of oil discovery are simulated. Including one
realistic feature - with every step forward your
costs accelerate.

The 2011 version of the Danish PetroChal-
lenge competition was sponsored by Maersk Oil
and DONG Energy. All participating classes are
invited to visit CERE and several do so.

a M.Sc. degree in geology (mineralogy) as well as PhD and Dr.Techn. de-
grees in applied geology. After completing her M.Sc. degree, she worked
a few years as a petroleum geologist before joining DTU. Her research
includes integration of rock mechanical, geophysical and geological in-
formation. It has until recently mainly focused on chalk, but now includes
other sedimentary rocks as sandstone, shale and diatomite.

eorgios Kontogeorgis was appointed Professor in Chemical and Bioche-

mical Engineering Thermodynamics at DTU Chemical Engineering
as of February Ist 2011. He holds a M.Sc. degree in chemical engineering
from the Technical University of Athens, Greece (1991), and a PhD degree
from DTU (1995). He joined DTU as Associate Professor in 1999. His fields
of interest range from energy (mainly thermodynamic models for oil and
gas applications) over materials science and nanotechnology (especially
polymers) to environment and recently also biotechnology.
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I come here becau-

se CERE is actively

engaged in finding
real solutions to indu-
strial problems,” says
Dr. Susan Little, Senior
Chemist at BP. “Part of
my role is to dissemi-
nate information on
new and evolving tech-
nologies to my collea-
gues and every year I
am able to do so.”

A Summit of

Energy Engineering

International industry participation
reached a new peak at CERE's
Discussion Meeting 2011.

ith 35 external participants representing
20 companies from 13 countries, the 2011
version of CERE’s Discussion Meeting set a new
record in industry participation. The annual

search portfolio to

is a good example of the

mately give the greatest

CERE forms a key part of our global re-

and knowledge that can further maximise
the efficient production of oil and gas from the
fields we operate,” says Nigel Jenvey, Director
of EOR at Maersk Oil. “The Discussion Meeting

rative efforts. Through bringing industry and
academia together to meet students, network
together and review and plan work will ulti-

most important problems to the benefit of all
participants and ultimately society at large.” H

event is where the centre’s industrial Consor-
tium - counting more than thirty international
and Danish member companies with interests
within energy, pharmacy and chemistry - join
CERE researchers to share experiences and
exchange ideas. Please join us for a tour of the
event held from June 8th - June 10th 2011 at
Pharmakon conference centre, Hillered.

develop technologies

merits of such coope-

chance of solving the

Dr. Bret Beckner of

Exxon-Mobil was
one of the new faces at
the 2011 meeting: “I
would say that chan-
ces of us returning
next year are good.
The conference of-
fers a comprehensive
review of the science
presented and you ha-
ve an opportunity for
going into depth with
the issues.

I like to get an im-
pression of where the
centre is heading. It
is interesting to see how
a topic grows over the
years,” says Dr. Oliver
Koch of Linde - pre-
sent at his 9th Discussi-
on Meeting. “Had I not
missed one year, this
would have been my
10th anniversary! The
event is my chance to
influence the direction
of the centre’s research.
Also, it is a nice oppor-
tunity to establish con-
tacts with other indu-
stry representatives.”

Sinopec of China joined the CERE industri-
al Consortium in 2009. The company, today
one of the world’s largest energy corporations,
maintained a strong presence at the 2011 event
with five representatives. According to Dr.
Zengmin Lun of Sinopec research centre PE-
PRIS in Beijing especially CERE’s work within
carbon capture and storage (CCS) is of interest
to his centre, as China currently has ambitious
plans for CCS with several demonstration pro-
jects ongoing. His colleague Dr. Yingchen Li
(picture) of Sinopec research centre SRIPT in
Shanghai is focussing on CERE’s research wi-

thin Enhanced Oil Recovery (EOR).

It is a great pleasure to be able to discuss in
depth with others that share the same inte-
rest — all of my everyday colleagues at home
are either reservoir engineers or chemists,” says
Dr. Klaus Potsch of Austrian based oil corpo-
ration OMV - coming from a background as a
physicist with a PhD in fluid dynamics. “I simp-
ly cannot find time in my working day to get the
results that come from projects like CERE’s. So
it is of great value for me to come here and pick
up on the latest developments.”
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Erling Stenby
Chairman of CERE
Professor
ehst@kemi.dtu.dk

Keeping up
the Pace

After last years' “jump start” in
our first year as CERE, 2011 saw a
further rise in activity and also an
expansion of our faculty.

n my introduction to last years’ annual report

I referred to CERE’s first year, 2010, as “a
jump start”. Fortunately, we have by no means
lost pace since. Much to the contrary, we were
able to launch some of the largest projects in the
centre’s history during 2011.

The SmartWater project will study chemi-
cally modified water as an easily accessible and
sustainable method for enhanced oil recovery.
The project is funded for a four-year period by
the EUDP program (under the Danish Ministry
of Climate and Energy), Maersk Oil and DONG
Energy.

The BioRec project (Biotechnology in Oil
Recovery) is a unique partnership between
oil industry - represented by Maersk Oil and
DONG Energy - and biotechnology, represented
by Novozymes. This is a four-year project funded
by The Danish National Advanced Technology
Foundation, Maersk Oil and DONG Energy.

Thirdly, the new project “CO: Hydrates -
Challenges and possibilities” is a collaboration

between Professor Georgios Kontogeorgis and
Ecole des Mines in France. The project received
funding from the Danish Council for Indepen-
dent Research in close competition.

In addition, a new project sponsored by the
European gas industry the GERG organization
was launched in 2011. This project addresses the
challenges of accurate predictions of dew point
in natural gas within varying content of water.

Another rapidly growing activity is research
concerning post-combustion CO,-capture.
Within this area the centre is involved in several
projects and extensive EU collaborations.

A larger, stronger faculty

In 2011 we were able to congratulate two CERE
faculty members with their new titles as Profes-
sors — Georgios Kontogeorgis and Ida L. Fabri-
cius.

Also, we were able to welcome two new faculty
members; Associate Professor John Bagterp Jor-
gensen and Assistant Professor Philip Fosbel.

John Bagterp Jorgensen has a background
which is highly interesting in relation to CERE.
Not only is he a chemical engineer with a compu-
ter modelling specialization; he also has extensive
entrepreneurship experience thus allowing him
to easily see things from an industry point of
view when engaging in joint projects. His projects
include predictive computational models relevant

to optimization of oil recovery and modelling of
smart energy systems capable of integrating large
amounts of highly variable, renewable energy
resources.

Philip Fosbel has been a key scientist at
CERE for some time. By integrating laboratory
experiments and computer modelling smoothly
in his works, he symbolizes what the Center as
such does best. In recent years carbon capture has
occupied a significant proportion of his efforts,
and we expect that he will further strengthen
our engagement in this field in his new capacity.

In addition, I am pleased to note that Wei
Yan - who has been with us since 2001 - has
accepted a newly created position as Senior
Scientist. The position will allow him to use his
broad experiences both in experimental and
theoretical thermodynamics to contribute to
different scientific areas in the Center.

Yet another successful summer school
The 2011 CERE annual Discussion Meeting
was, as always, a very interesting and inspiring
meeting. With the 35 external participants re-
presenting 20 companies form 13 countries, the
2011 meeting set a new record in industry par-
ticipation.

Another reoccurring event was the advanced
summer school within thermodynamics by
Professor Michael L. Michelsen - the “Advan-

ced Course on Thermodynamic Models: Fun-
damentals & Computational Aspects” — with
Professor Georgios Kontogeorgis. The course,
held in August, was, as always, a great success
and extremely well attended, not least by industry
participants.

Also, we are proud to announce that the 2011
Christopher J. Wormald prize was presented to a
PhD student in the Center, Ane Avlund, during
the Thermodynamics 2011 conference in Athens
in August 2011, for her innovative research in
thermodynamics. Ane Avlund graduated in 2011.

Finally, I would like to mention that Danish
version of the international PetroChallenge
competition 2011, coordinated by CERE, set a
new record for participation with 1,250 students
from 30 high schools attending. We see the com-
petition as one of the ways to secure our supply
chain in terms of future engineering students.
Over the years many students have benefited from
the close contact with Danish and international
industry through a project in CERE, and I have
every reason to believe that this will continue to
be the case.

If any of the above sparks a special interest or
calls for further investigation, you are as always
welcome to contact me.
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Research funding

As a university research center our objective
is to spend all of our money on research. No
management bonuses nor investor dividends
are due, and gradually all funding received will
be invested with the aim of maximizing the
production of high quality research results and

highly skilled researchers at PhD and post doc
level.

The research carried out in CERE is funded by
grants from a number of public and private sponsors.
During 2011 our external funding increased signifi-
cantly to a total budget of EUR 4.6 million.

Research Funding

The external funding received in 2011 fell
under the following projects and categories
(all amounts in KEUR):

CHIGP 594
ADORE 580
CO:z EOR 243
CCS 432
GAS HYDRATES 405
PhD DTU 202
BIOREC 297
SMART WATER 175
HEHO 94
ROCK PHYSICS 189
IMGP* 503
other private 797
other public 94

Total external funding 4,605

* Inverse Modeling and Geostatistics Project

CONFERENCE CONTRIBUTIONS & INVITED SPEAKERS

Conference contributions
& Invited speakers

Ahsan, R.; Fabricius, I.L. 2010: “Sorption of
Magnesium and Sulfate lons on Calcite” (Poster
presentation), In: A new spring for geoscience:
72nd EAGE conference and exhibition, Barce-
lona 14-17 June 2010 ; Conference proceedings
& exhibitors’ catalogue. CD-ROM / Editor - DB
Houten, NL: EAGE, 2010.

Alam, M.M.; Akam, H. N.; Fabricius, L.L.; 2011
“effect of fluid-solid friction on the stiffness of
chalk”, (Poster presentation), 1st International
Workshop on Rock Physics, Colorado School of
Mines, Golden, Colorado USA

Alam, M.M.; Hjuler, M.L.; Christensen, H.F.;
Foged, H.; Fabricius, I.L.; 2011 “Impact of
supercritical CO; injection on petrophysical and
rock mechanics properties of chalk: an experi-
mental study on chalk from South Arne field,
North Sea”, (Oral presentation), SPE Annual
Technical Conference and Exhibition. Denver,
Colorado, USA, SPE 14056

Monzurul Alam, M.; Niu, B.; Fabricius, I.L.; Yan,
W.; Shapiro, A.A.; Stenby, E.H.; Christensen,
H.F.; Ditlevsen, F.P.; Hjuler, M.L.; Olsen, D.; 2011
"Enhanced Oil Recovery Through CO; Utiliza-
tion” (Poster presentation), SPE Forum - CO;
Geological Storage: Will We Be Ready in Time?
The Algarve, Portugal

Avlund, Ane; Kontogeorgis, Georgios, M.;
Michelsen, Michael, L.; 2011 “Modeling of
glycol ethers with sPC-SAFT", (Invited speaker),
Thermodynamics 2011, Athens, Greece

Belkadi, Abdelkrim; Yan, Wei; Michelsen,
Michael L.; Stenby, Erling H.; 2011 “"Comparison
of Two Methods for Speeding up Flash Calcula-
tions in Compositional Simulations”, (Invited
speaker), SPE Reservoir Simulation Symposium,
The Woodlands, Texas, USA, SPE 142132

Darde, Victor; Well, Willy J.M. van; Stenby, Erling
H. Stenby; Thomsen, Kaj; 2011 "CO; capture
using aqueous ammonia: kinetic study and
process simulation”, (Oral), GHGT10 conference,
Amsterdam, The Netherlands, September
2010, Journal Energy Procedia, 4 (2011) 1443-
1450

Diaz Tovar, Carlos Axel; Mustaffa, Azizul Azri;
Kontogeorgis, Georgios; Gani, Rafiqul; Sarup,
Bent; 2011: “Lipid Processing Technology:
Shifting From Waste Streams to High-Value
Commercial by-Products” . (Oral presentation),
AICHE American Congress of Chemical Engi-
neering . Minneapolis, MN, USA

Fabricius, I.L.; 2011 “Relationship between
elastic moduli and pore radius in clay aggre-
gates”, (Poster presentation), Unconventional
ressources and the role of technology. 73rd
EAGE Conferenc & exhibition, Vienna, Austria,
CD-ROM, Article no. P307

Fabricius, L.L.; Eberli, G.P.; 2011 “Sonic velocitirs
in carbonates. “Shear weakening” is better
described as “air stiffening” (Poster presenta-
tion), 14th Bathurst Meeting of Carbonate
Sedimentologists, University of Bristol




34

CONFERENCE CONTRIBUTIONS & INVITED SPEAKERS

CONFERENCE CONTRIBUTIONS & INVITED SPEAKERS

35

g

Fabricius, I.L.; 2011 “Pore fluid effect on chalk
and clay elasticity” (Invited speaker), Frontiers
in diagenesis: Clay & Carbonate facies and
their diagenetic pathways in reservoir rocks.
Cambridge, (Mineralogical Society)

Fabricius, I.L.; 2011 "High kinemstic viscosity of
air may cause dry clay to be stiffer than water
saturated clay”, (Oral presentation), 9th Euro-
conference on Rock Physics and Geomechanics,
Trondheim, Norway, Abstracts 176-177

Fosbgl, Philip L.; Thomsen, Kaj; 2011 "Absorp-
tion and Desorption Modelling United”, (Oral
presentation), ICEPE, Efficient Carbon Capture
for Coal Power Plants, Frankfurt am Main,
Germany

Fosbgl, Philip Loldrup; 2011 “Post Combustion
CCS activities at Center for Energy Resources
Engineering”, (Oral presentation), DTU Climate
Centre Seminar on CCS, DTU Chemical Engineer-
ing, DTU, Kgs. Lyngby, Denmark

Hendriks, E.; Kontogeorgis, G.M.; Dohrn, R.;
De Hemptinne, ].-C.; Economou, l.; Fele Zilnik,
L.; Vesovic, V.; 2011 “Industrial Requirements
for Thermodynamics and Transport Properties
- Before and Now", (Oral presentation), 25th
European Symposium on Applied Thermody-
namics, ESAT 2011, Saint Petersburg, Russia

Herslund, Peter Jargensen; Solms, Nicolas von;
Thomsen, Kaj; Abildskov, Jens; 2011 "Ther-
modynamic Modeling of Gas Hydrate Forming
Systems Including Thermodynamic Promoters
for a Novel CO2 Capture Process”, (Poster pre-
sentation), the 7th International Conference on
Gas Hydrates (ICGH 2011), Edinburgh, Scotland,
United Kingdom

Hossain, Z; Fabricius, I.L.; 2011 “COz injection
effect on physical properties of greensand from
the North Sea” (Oral presentation), Unconven-
tional ressources and the role of technology,
73rd EAGE Conferenc & exhibition, Vienna,
Austria, CD-ROM, Article no. D017, 2011

Hossain, Z.; Mukerji, T.; Fabricius, I.L.; 2011
“Biot's and squirt flow mechanism of greensand
as interpreted using NMR data”, (Poster pre-
sentation), 1st International Workshop on Rock
Physics, Colorado School of Mines, Golden,
Colorado USA

Hossain, Z.; Mukerji, T.; Fabricius, I.L.; 2011
“Influence of pore fluid and frequency on
elastic properties of greensand as interpreted
using NMR data”, (Oral presentation), SEG

San Antonio Annual Meeting 2011, Abstracts
2177-2182

Jensen, Lars; Ramlgv, Hans; Thomsen, Kaj;
Solms, Nicolas von; 2011 “Inhibition of gas
hydrate formation by low-dosage, environmen-
tally benign inhibitors”, (Oral presentation),
Proceedings of the 2nd annual Gas Processing
Symposium, Doha, Qatar, 2011 (ISBN:
0444535888)

Jorgensen, John Bagterp; Huusom, Jakob
Kjgbsted; Rawlings, James B.; 2011 “Finite
Horizon MPC for Systems in Innovation Form”
(Oral presentation), Proceeding of the 50th
IEEE Conference on Decision and Control and
European Control Conference . Orlando, Florida,
USA

Kontogeorgis, Georgios; Tsivintzelis, loannis;
Stenby, Erling H.; 2011 “Chemicals in Gas
Processing (CHIGP): An industrial project for
the thermodynamics of complex petroleum
fluids and chemicals” (Oral presentation), 19th

European Conference on Thermophysical
Properties, Thessaloniki, Greece

Kontogeorgis, Georgios; Economou, loannis, G.;
Coutsikos, Philippos; 2011 “On the true value
of cubic equations of state”, (Oral presentation),
Thermodynamics 2011, Athens, Greece

Kontogeorgis, Georgios; Tsivintzelis, loannis;
Riaz, Muhammad; Michelsen, Michael, L.;
Stenby, Erling H.; 2011 “Recent applications of
the CPA Equation of State for the petroleum
industry”, (Poster presentation), SAFT2011,
Pau, France

Lange, Katrine; Cordua, Knud Skou; Frydendall,
Jan; Hansen, Thomas Mejer; Mosegaard,

Klaus; 2011 "A Frequency Matching Method
for Generation of a Priori Sample Models from
Training Images”, (Oral presentation), Proceed-
ings of IAMG 2011 - Annual Conference of the
International Association for Mathematical
Geosciences

Mbia, E.N.; Fabricius, I.L.; 0ji, C.0.; 2011
“Petrophysics of shale intervals in the Skjold
Field, Danish North Sea” (Oral presentation),
Unconventional ressources and the role of
technology, 73rd EAGE Conferenc & exhibition,
Vienna, Austria, CD-ROM, Article no. D018, 2011

Maribo-Mogensen, Bjgrn; Kontogeorgis, Geor-
gios M.; Thomsen, Kaj; 2011 “An Electrolyte
CPA Equation of State for Applications in the
Oil and Gas Industry”, (Poster presentation), the
25th European Symposium of Applied Thermo-
dynamics (ESAT), St. Petersburg, Russia

Maribo-Mogensen, Bjgrn; Kontogeorgis, Geor-
gios M.; Thomsen, Kaj; 2011 "Development of
a CAPE-OPEN compatible library for thermody-
namic models and unit operations using .NET"

(Oral presentation), the 8th European Congress
of Chemical Engineering, Berlin, Germany

Maribo-Mogensen, Bjarn; Kontogeorgis, Geor-
gios M.; Thomsen, Kaj; 2011 “An Electrolyte CPA
Equation of State for Applications in the Oil and
Gas Industry” (Poster presentation), the SAFT
2011 Workshop, Pau, France,

Mosegaard, K., Melnikova, Y., Lange K., Cordua,
K., Frydendall, J., and Hansen, T. M.; 2011
“Sharper images of reservoir structure - A
geostatistical approach to data inversion”, (Oral
presentation), 32nd Annual IEA EOR Symposium
and Workshop, Vienna, 17 to 19 October 2011.

Mosegaard, K.; 2011 “"Geophysical inversion
constrained by model prototypes”, (Invited
speaker), ETH, Zirich, 16. September 2011.

Mosegaard, K.; 2011 "On Frequency Matching
and the Explicit Calculation of Prior Probabili-
ties from Training Images”, (Poster presenta-
tion), 1AMG 2011, Salzburg.

Musko, N.E.; Kontogeorgis, G.M.; Grunwaldt,
J.-D.; Tsivintzelis I.; 2011 “Phase Behaviour
Modelling of Chemical Reactions in Dense and
Supercritical Carbon Dioxide using the Cubic-
Plus-Association Equation of State”, (Poster
presentation), The 25th European Symposium
of Applied Thermodynamics, Saint Petersburg,
Russia

Riaz, Muhammad; Kontogeorgis, G.M.; Stenby,
€.H.; Yan, W.; Haugum, T.; Christensen, K.O.;
Solbraa, E.; Lgkken, T.V.; 2011 "Distribution of
gas hydrate inhibitors in oil and gas production
systems”, (Oral presentation), 25th European
Symposium on Applied Thermodynamics, ESAT
2011, Saint Petersburg, Russia
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CONFERENCE CONTRIBUTIONS & INVITED SPEAKERS

Sadegh, Negar; Kontogeorgis, Georgios;
Stenby, Erling Halfdan; Thomsen, Kaj;
2011 "Thermodynamic modeling of sour gas
cleaning process with alkanolamine”, (Oral
presentation), 25th European symposium on
Applied Thermodynamics, ESAT 2011, Saint
Petersburg, Russia

Sandersen, Sara Biilow; Stenby, Erling H.;
Solms, Nicolas von; 2011 “Pressure Effect on
Phase Behavior of Surfactant System”, (Poster
presentation), 25th European Symposium on
Applied Thermodynamics, ESAT 2011, Saint
Petersburg, Russia

Sandersen, Sara Biilow; Stenby, Erling H.;
Solms, Nicolas von; 2011 “Phase Behavior in
EOR Surfactant Flooding”, (Poster presenta-
tion), Thermodynamics 2011, Athens, Greece

Sgrensen, M.K.; Fabricius, I.L.; 2011 "Elastic
moduli of sandstones saturated with a range of
pore fluids correlated with kinematic viscosity
and frequency ratio”, (Poster presentation), SEG
San Antonio Annual Meeting 2011, Abstracts
2297-2301

Thomsen, Kaj; 2011 “Current status of R&D

in post combustion CO2 capture”, (Invited
speaker), Chalmers Energy Conference, Chalm-
ers Campus, Goteborg, Sverige

Thomsen, Kaj; 2011 “Phase Equilibrium in
Amino Acid Salt Systems for COz Capture”,
(Invited speaker), Gassonova, Norway

Thomsen, Kaj; 2011 “Chemical Absorption
Materials for CO, Capture”, (Invited speaker)
ICEPE 2, Second International Conference on
Energy Process Engineering, DECHEMA-Haus,
Frankfurt am Main, Germany

Tsivintzelis, loannis; Beier, Matthias; Grun-
waldt, Jan-Dierk; Kontogeorgis, Georgios M.;

2011 "Phase equilibria of mixtures related to
the catalytic oxidation of alcohols in super-
critical CO2: An experimental and theoretical
study” (Poster presentation), 19th European
conference on Thermophysical Properties (19th
ECTP), Thessaloniki, Greece

Tsivintzelis, I.; Kontogeorgis, G.M.; Michelsen,
M.; Stenby, E.H.; 2011 “Modeling of Mixtures
with Acid Gases using the CPA Equation of
State”, (Poster presention), The 25th European
Symposium of Applied Thermodynamics, Saint
Petersburg, Russia

Tsivintzelis, loannis; Michelsen, Michael L.;
Stenby, Erling H.; Kontogeorgis, Georgios M.;
2011 "Modeling of Mixtures with Acid Gases
using CPA", (Poster presentation) Proceedings
of the Thermodynamics 2011 conference,
Athens, Greece.

Tsivintzelis, loannis; Kontogeorgis, Georgios
M.; 2011 “On the Complex Hydrogen Bonding
Behavior of Organic Acids”, (Oral presentation),
Proceedings of the 8th Hellenic Conference of
Chemical Engineering, Thessaloniki, Greece

Vélcker, Carsten; Jargensen, John Bagterp;
Stenby, Erling Halfdan; 2011 "0il Reservoir
Production Optimization using Optimal Control",
(Oral presentation), 50th IEEE Conference on
Decision and Control and European Control Confer-
ence, 2011 50th IEEE Conference on Decision and
Control and European Control Conference

Waseem Arshad, Muhammad; Thomsen, Kaj;
2011 " Freezing Point Depression of Aqueous
Solutions of DEEA, MAPA and DEEA-MAPA with
and without COz Loading” (Oral presentation),

ICEPE, Efficient Carbon Capture for Coal Power
Plants, Frankfurt am Main, Germany

Yan, Wei; Langlais, C.; Stenby, E.H.; 2011 "Vis-
cosity modelling of alcohols using the CPA EoS
and the friction theory”, (Poster presentation),
19th European Conference on Thermophysical
Properties, 19th ECTP, Thessaloniki, Greece

Yan, Wei; Michelsen, Michael L.; Stenby, Erling
H.; 2011 “Two Practical Aspects of Composi-
tional Reservoir Simulations with PG-SAFT”,
(Poster presentation), SAFT2011, Pau, France

Yan, W.; Michelsen, M.L., Stenby, E.H.; 2011
“Non-Cubic EoS for Reservoir Simulations:
Computation Time and PVT Modelling”

(Poster presentation), SPE Applied Technology
Workshop Complex Reservoir Fluids—New
Developments and Multi-Discipline Integration,
Amsterdam, The Netherlands

Yan, W.; Michelsen, M.L.; Stenby, E.H.; 2011 "On
Application of Non-cubic EoS to Compositional
Reservoir Simulation” (Oral presentation), the
SPE EUROPEC/EAGE Annual Conference and
Exhibition held in Vienna, Austria, SPE 142995

Yan, W.; Michelsen, M.L.; Stenby, E.H.; Belkadi,
A.; 2011 “On Two Flash Methods for Compo-
sitional Reservoir Simulations: Table Look-up
and Reduced Variables” (Oral presentation),
the 32nd Annual Symposium and Workshop for
the IEA Collaborative Project on Enhanced Oil
Recovery, Vienna, Austria.

Yuan, Hao; Shapiro, Alexander; 2011 “Filtration
in Porous Media : Influential Parameters

and Comparison with Experiments” (Poster
presentation), Third International Conference
on Porous Media . Bordeaux, France

CONFERENCE CONTRIBUTIONS & INVITED SPEAKERS

Yuan, Hao; Shapiro, Alexander; Stenby, Erling
Halfdan; 2011 “Physical mechanisms of deep
bed filtration with application to the problems
of petroleum industry” (Oral presentation),
2011 Bit's 2nd Annual World Congress of Well
Stimulation and EOR, Chongging, China

Zahid, Adeel; Sandersen, Sara Biilow; Shapiro,
Alexander; Solms, Nicolas von; Stenby, Erling
H.; Yuan, Hao; 2011 "Advanced Waterflooding
in Chalk Reservoirs: Crude Qil/Brine Interaction
Study”, (Oral presentation), Bit's 2nd Annual
World Congress of Well Stimulation and EOR,
Chonggqing, China
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MASTER THESIS

PUBLICATIONS 39

Master Thesis 2011

Shahid Ali
“Application of the CPA EoS to CO, mixtures”

Pernille Damgaard

“Assessment of electrostatics involved in
polyelectrolyte adsorption onto surfaces via zeta
potential technology”

Erin de Haas
“Gas diffusivity in heavy oil and its influence on
foamy oil behavior”

Janusz Karol Jektvik
“Water conformance in horizontal wells”

Thomas Uffelmann Mohn
"Effect of the salinity of the injection water on oil
recovery”

Wiktor Tomasz Musialski
“Rock physical modeling of greensand”

Peter Sommer-Larsen
“Porosity preservation effects in chalk”

Hans Jerik Folmer Thggersen
"Effect of the salinity of the injection water on oil
recovery”

Mustafe Ahmed Yussuf
“Measurement of Phase Equilibria for Qil-Water-
MEG Mixtures”

Elena Kolster
"Impact cratering mechanics”

Allan Bo Hansen
"Coupled Inversion of Cross
Borehole Georader and Gravity Measurements”

Daniel Bo Christiansen
"Monte Carlo Inversion of seismic reflection
amplitudes”

Rasmus Juncher
"Seismic amplitude reflections- A litterature study
in AVO analysis”

Andreas Rosing
"Tomographic Inversion of Lg Surface Waves in
Norehern Europa”

Publications 2011

Previously submitted manuscripts, published in 2011

SEP 0916 “Modelling of Phase Equilibria with CPA
using the Homomorph Approach”

¢ Martin P. Breil, loannis Tsivintzelis, and Georgios
M. Kontogeorgis

(Fluid Phase Equilibria, 301 (2011) 1-12)

CERE 1006 “Evaluation of the COz Behavior in Binary
Mixtures with Alkanes, Alcohols, Acids and Esters
Using the Cubic-Plus-Association Equation of State”

¢ Mariana B. Oliveira, Anténio José Queimada,
Isabel M. Marrucho, Georgios M. Kontogeorgis, and
Jodo A.P. Coutinho

(Journal of Supercritical Fluids, 55 (2011)
876-892)

CERE 1007 "Upscaling of Two-Phase Immiscible
Flows in Communicating Stratified Reservoirs”

e Xuan Zhang, Alexander Shapiro, and Erling H. Stenby
(Transport in Porous Media, 87 (2011) 739-764
-DOI: 10.1007/s11242-011-9713-1)

CERE 1015 "Towards Predictive Association
Theories”

¢ Georgios M. Kontogeorgis, loannis Tsivintzelis,
Michael L. Michelsen, and Erling H. Stenby
(Fluid Phase Equilibria, 301 (2011) 244-256)

CERE 1018 “Analysis and Application of GCPlus
Models for Property Prediction of Organic Chemi-
cal Systems”

e Azizul Azri Mustaffa, Georgios M. Kontogeorgis,
and Rafiqul Gani

(Fluid Phase Equilibria, 302 (2011) 274-283)

CERE 1021 "An Explanation of the Selective
Plating of Laser Machined Surfaces using Surface
Tension Components”

¢ Yang Zhang, Georgios M. Kontogeorgis, and
Hans Negrgaard Hansen

(Journal of Adhension Science and Technology,
25 (2011) 2101-2111)

CERE 1023 “Experimental Determination and
Modeling of the Phase Behavior for the Selective
Oxidation of Benzyl Alcohol in Supercritical CO2"
e |oannis Tsivintzelis, Matthias Josef Beier, Jan-
Dierk Grunwaldt, Alfons Baiker, and Georgios M.
Kontogeorgis

(Fluid Phase Equilibria,302 (2011) 83-92)

CERE 1024 "Mutual Solubility of MEG, Water and
Reservoir Fluid: Experimental Measurements and
Modeling Using the CPA Equation of State”

Muhammad Riaz, Georgios M. Kontogeorgis,
Erling H. Stenby, Wei Yan, Toril Haugum, Kjersti O.
Christensen, Even Solbraa, and Torbjgrn V. Lgkken
(Fluid Phase Equilibria, 300 (2011) 172-181)

CERE 1025 "Partition Coefficients of Organic
Molecules in Squalane and Water/Ethanol Mix-
tures by Molecular Dynamics Simulations”
Rasmus Lundsgaard, Georgios M. Kontogeorgis,
and loannis G. Economou

(Fluid Phase Equilibria, 306(2) (2011) 162-170))

CERE 1027 "Application of Association Models to
Mixtures Containing Alkanolamines”

¢ Ane S. Avlund, Daniel K. Eriksen, Georgios M.
Kontogeorgis, and Michael L. Michelsen

(Fluid Phase Equilibria, 306(1) (2011)31-37)

CERE 1028 "Modelling of the Thermodynamics

of the Acetic Acid-Water Mixture using the CPA
Equation of State”

e Martin P. Breil, Georgios M. Kontogeorgis, Paul K.
Behrens, and Michael L. Michelsen

(Industrial & Engineering Chemistry Research,
50(9) (2011)5795-5805)

CERE 1031 “Modeling Phase Equilibria for Acid
Gas Mixtures using the CPA Equation of State.
Part Il. Binary Mixtures with CO2"

¢ loannis Tsivintzelis, Georgios M. Kontogeorgis,
Michael L. Michelsen, and Erling H. Stenby
(Fluid Phase Equilibria, 306 (2011) 38-56)

CERE 1039 “"A Mathematical Model for Non-
monotonic Deposition Profiles in Deep Bed
Filtration Systems”

¢ Hao Yuan, and Alexander Shapiro

(Chemical Engineering Journal, 166 (2011) 105-
115 - DOI: 10.1016/j.cej.2010.10.036)

CERE 1041 “"Uncertainty and Sensitivity Analysis
of Filtration Models for Non-Fickian Transport and
Hyperexponential Deposition”

e Yuan Hao, Girkan Sin

(Chemical Engineering Journal, 168(2) (2011)
635-648)

CERE 1047 "Measurement and Modeling of C0:
Solubility in NaC1 Brine and COz-Saturated NaCl
Brine Density”

e W. Yan, S.L. Huang, and E.H. Stenby
(International Journal of Greenhouse Gas
Control, 5 (2011) 1460-1477)
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PUBLICATIONS

PUBLICATIONS 41

New manuscripts in 2011

CERE 1101 “Properties of Cryobrines on Mars”
¢ D. M6himann, and K. Thomsen
(Icarus, 212 (2011) 123-130)

CERE 1102 “Novel Self-Associative and
Multiphase Nanostructured Soft Carriers based
on Amphiphilic Hyaluronic Acid Derivatives”

e Corinne Eenschooten, Andrea Vaccoro,
Florence Delie, Fanny Guillaumie, Kristoffer
Temmeraas, Georgios M. Kontogeorgis, Khadija
Schwach-Abdellaoui, Michal Borkovec, and
Robert Gurny

(Carbohydrate Polymers, 87(1) (2011) 444-
451)

CERE 1103 “High-Pressure Fluid-Phase
Equilibria: Experimental Methods and Systems
Investigated (2005-2008)

¢ José M.S. Fonseca, Ralf Dohrn, and Stephanie
Peper

(Fluid Phase Equilibria, 300 (2011) 1-69)

CERE 1104 “Intramolecular Association within
the SAFT Framework”

¢ Ane S. Avlund, Georgios M. Kontogeorgis, and
Walter G. Chapman

(Molecular Physics, 109(12) (2011) 1759-
1769)

CERE 1105 “Competitive Adsorption of Nitro-
gen Compounds in the Hydrodesulfurization of
4,6-Dimethyldibenzothiophene”

* Rasmus R. Boesen, Nicolas S. von Solms,
Michael L. Michelsen, Rasmus G. Egebjerg, and
Kim G. Knudsen

(Submitted to Chem. Eng. Sci)

CERE 1106 "Measurement of Liquid-Liquid
Equilibria for Condensate + Glycol and Conden-
sate + Glycol + Water Systems

* Muhammad Riaz, Georgios Kontogeorgis,
Erling H. Stenby, Wei Yan, Toril Haugum, Kjersti
Christensen, Torbjgrn Lgkken, Evan Solbraa
(Journal of Chemical & Engineering Data,
Kenneth N. Marsh Festschrift, doi:10.1021/
je200158¢c)

CERE 1107 "Freezing Point Depressions

of Aqueous MEA, MDEA, and MEA - MDEA
Measured with a New Apparatus”

* Philip Loldrup Fosbgl, Mikkel Gielsager Peder-
sen, and Kaj Thomsen

(Journal of Chemical Engineering Data, 56
(2011) 995-1000)

CERE 1108 “Induced Migration of Fines during
Waterflooding in Communicating Layer-cake
Reservoirs”

* Hao Yuan and Alexander Shapiro

(Journal of Petroleum Science and Engineer-
ing, 78 (2011) 618-626)

CERE 1109 "Tilting Oil-wWater contact in the
Chalk of Tyra Field as interpreted from Capillary
Pressure Data”

e |.L. Fabricius, and M.A. Rana

(Petroleum Geology Conference series, 7
(2011) 463-472)

CERE 1110 "Petrophysical Properties of Green-
sand as Predicted from NMR Measurements”

e Z. Hossain, C.A. Grattoni, M. Solymar, and I.L.
Fabricius

(Petroleum Geoscience, 17 (2011) 111-125)

CERE 1111 “Biot Critical Frequency Applied as
Common Friction Factor for Pore collapse and
Failure of Chalk with Different Pore Fluids and
Temperatures”

e K.A. Andreassen, I.L. Fabricius, I.L., and N.N.
Foged

(SPE 130447-PA, SPE Journal)

CERE 1112 "Permeability Prediction in Chalks”
e M.M. Alam, |.L. Fabricius, and M. Prasad
(AAPG Bulletin, 11 (2011) 1991-2014)

CERE 1113 “Vp-Vs Relationship and amplitude
variation with offset modeling of glauconitic
greensand”

e Z. Hossain, T. Mukerji, and I.L. Fabricius
(Geophysical Prospecting, 60 (2012) 117-137

CERE 1114 "Application of stochastic ap-
proaches to modeling suspension flow in
porous media”

e Alexander A. Shapiro, and Hao Yuan
(Accepted by: Chapter in the book “Random
Walks: Principles, Processes and Application”)

CERE 1115 “Application of SPC-SAFT to glycol
ethers”

* Ane S. Avlund, Georgios M. Kontogeorgis, and
Michael L. Michelsen

(Submitted to Industrial & Engineering
Chemistry Research)

CERE 1116 "Advanced Waterflooding in Chalk
Reservoirs: Understanding of Underlying
Mechanisms”

* Adeel Zahid, Sara B. Sandersen, Alexander
Shapiro, Nicolas von Solms, and Erling H. Stenby

(Journal of Colloids and Surfaces A: Physi-
cochemical and Engineering Aspects, 389
(2011) 281-290)

CERE 1117 "Advanced Waterflooding to
Improve Oil Recovery: A Case Study of North
Sea Chalk Reservoir”

¢ Adeel Zahid, Alexander Shapiro, Erling H.
Stenby, and Wei Yan

(Submitted to Energy & Fuels)

CERE 1118 “Experimental Study and Phase
Equilibrium Modeling of Systems Containing
Acid Gas and Glycol”

¢ Waheed Afzal, Martin P. Breil, loannis
Tsivintzelis, Amir H. Mohammadi, Georgios M.
Kontogeorgis, and Dominique Richon
(Submitted to Fluid Phase Equlibria)

CERE 1119 “Water Banks in Viscous Dominant
Regimes of Displacement”

¢ Hao Yuan, Xuan Zhang, Alexander Shapiro,
and Erling Stenby

(Submitted to Journal of Petroleum Science
and Engineering)

CERE 1120 "Thermodynamically based Solvent
Design for Enzymatic Saccharide Acylation with
Hydroxycinnamates in Non-conventional Media
e Birgitte Zeuner, Georgios M. Kontogeorgis,
Anders Riisager, and Anne S. Meyer
(Submitted to Biotechnology Advances)

CERE 1121 "30 Years with EoS/GE Models -
what have we learnt?”

¢ Georgios M. Kontogeorgis, and Philippos
Coutsikos

(Submitted to Industiral & Engineering
Chemistry Research)

CERE 1122 "Experimental measurement and
modeling of the rate of absorption of carbon
dioxide by aqueous ammonia”

e Victor Darde, Willy ].M. van Well, Philip L.
Fosbgl, Erling H. Stenby, and Kaj Thomsen
(International Journal of Greenhouse Gas
Control, 5 (2011) 1149-1162)

CERE 1123 “Gravity Effect on Two-Phase
Immiscible Flows in Communicating Layered
Reservoirs”

e Xuan Zhang, Alexander Shapiro, and Erling H.
Stenby

(Submitted to Transport in Porous Media)

CERE 1124 “Sampling informative/complex
a priori probability distributions using Gibbs

sampling assisted bu sequential simulation”

e Thomas Mejer Hansen, Klaus Mosegaard, and
Knud Skou Cordua

(Presented at IAMG 2010, Budapest, Ungarn)

CERE 1125 "C0: capture using aqueous
ammonia:kinetic study and process simulation”
e Victor Darde, Willy ].M. van Well, Erling H.
Stenby, and Kaj Thomsen

(Journal Energy Procedia, 4 (2011) 1443-1450)

CERE 1126 "Selective oxidation of benzyl
alcohol in dense COz: insight by phase behavior
modeling”

e Matthias Josef Beier, Jan-Dierk Grunwaldt,
loannis Tsivintzelis, Anker D. Jensen, Georgios
M. Kontogeorgis, and Alfons Baiker
(Submitted to Journal of Supercritical Fluids)

CERE 1127 “Estimation of Chromatographic
Columns Performances using Computer Tomo-
graphy and CFD Simulations”

e Irma Schmidt, Florian Lottes, Mirjana Minceva,
Wolfgang Arlt, and Erling H. Stenby

(Chemie Ingenieur Technik, 83 (1-2) (2011)
130-142)

CERE 1128 "Phase Equilibria of Three Binary
Mixtures; Methyl mercaptan + Methane, Methyl
mercaptan + Nitrogen and Methyl mercaptan +
Carbon dioxide; Experimental data & Modeling”
e Javeed Awan, loannis Tsivintzelis, Christophe
Coquelet, and Georgios M. Kontogeorgis
(Submitted to Journal of Chemical & Engi-
neering Data)

CERE 1129 “Implementation of Extended
UNIQUAC for Electrolyte Systems as a User
Model in Aspen Plus”

¢ Bjgrn Maribo-Mogensen, Victor Darde, Philip
Loldrup Fosbgl, Kaj Thomsen, and Georgios M.
Kontogeorgis

(Submitted to Computers and Chemical
Engineering)

CERE 1130 “Colloid Transport and Retention:
Recent Advances in Colloids Filtration Theory”
¢ Hao Yuan, and Alexander A. Shapiro
(Submitted to Chapter in book “Colloids:
Classification, Properties and Applications”,
Publisher NOVA Science Publisher)

CERE 1131 “Corrigendum to “VISIM: Sequential
simulation for linear inverse problems”

e Thomas Mejer Hansen, and Klaus Mosegaard
(Computers & Geosciences, 37(7) (2011)
973-974)




42

PUBLICATIONS

CERE 1132 “Review of the Upper Jurassic-Lower
Cretaceous Stratigraphy in Western Cameros ¢
Basin, Northern Spain”

¢ P. Clemente

(Revista de la Sociedad Geolégica de Espaiia,
23(2011) 101-143)

CERE 1133 "Integrated seismic analysis of the
Chalk Group in eastern Denmark - Implications
for estimates of maximum palaeo-burial in
southwest Scandinavia”

e Lars Nielsen, Lars Ole Boldreel, Thomas Mejer
Hansen, Holger Lykke-Andersen, Lars Stem-
merik, Finn Surlyk, and Hans Thybo
Tectonophysics - 2011, 511(1-2), (2011)
14-26)

CERE 1134 "Aqueous Solubility of Piperazine
and 2-Amino-2-methyl-1-propanol plus Their
Mixtures Using an Improved Freezing-Point
Depression Method”

e Philip Loldrup Fosbgl, Randi Neerup, Muham-
mad Waseem Arshad, Zacarias Tecle, and Kaj
Thomsen

(J. Chem. Eng. Data, Article ASAP, 2011, DOI:
10.1021/je200959m)

CERE 1135 “Lipid Processing Technology:
Building a Multilevel Modeling Network”

e Carlos A. Diaz-Tovar, Azizul A. Mustaffa,
Amol Hukkerikar, Alberto Quaglia, Guerkan
Sin, Georgios Kontogeorgis, Bent Sarup, and
Rafiqul Gani

(Presented at 21st European Symposium on
Computer Aided Process Engineering Book
Series: Computer-Aided Chemical Engineer-
ing, 29 (2011) 256-260)

CERE 1136 “0il Reservoir Production Optimiza-
tion using Optimal Control”

e Carsten Volcker, John Bagterp Jargensen, and
Erling H. Stenby

(Presented at the 50th IEEE Conference on
Decistion and Control and European Control
Conference (CDC-€CC), Orlando, FL. USA, De-
cember 12-15, 2011, 978-1-61284-799-3/11)

CERE 1137 “Comparison of the Debye-Hickel
and the Mean Spherical Approximation Theories
for Electrolyte Solutions”

¢ Bjgrn Maribo-Mogensen, Georgios M. Konto-
georgis, and Kaj Thomsen

(Submitted to Industrial and Engineering
Chemistry Research)

CERE 1138 “Limits to Nonlinear Inversion. In;
Kristjan J6nasson (ed.)"

¢ K. Mosegaard

(Applied Parallel and Scientific Computing,
10th International Conference, PARA

2110, Reykjavik, Iceland, June 6-9, 2010,
Proceedings, Part I, LNCS vol. 7133, Springer,
Heidelberg, 2011)

CERE 1139 “Quest for consistency, symmetry,
and simplicity - The legacy of Albert Tarantola”
¢ K. Mosegaard

(Geophysics 76, W51 (2011); doi: 10.1190/
geo02010-0328.1)

CERE 1140 “Inverse problems with non-trivial
priors; Efficient solution through Sequential
Gibbs Sampling”

e Thomas Mejer Hansen, Klaus Mosegaard, and
Knud Skou Cordua

(Accepted by Computational Geosciences)

Books and Chapter in Books

Shapiro A.A., Yuan H.: “Application of stochas-
tic approaches to modelling suspension flow in
porous media,” chapter for the book “Random
Walks: Principles, Processes and Application,”
Nova Science Publishers, NY, USA, 2011.

Thomsen, Kaj, “Chemical Absorption Materials
for CO2 Capture, p. 155-174 in “Efficient Carbon
Capture for Coal Power Plants”, ISBN-13: 978-
3-527-33002-7 - Wiley-VCH, Weinheim, Editors:
Stolten and Scherer

Yuan H., Shapiro A.A.; "Colloid Transport and
Retention: Recent Advances in Colloids Filtra-
tion Theory, chapter for the book “Colloids:
Classification, Properties and Applications”,
Nova Science Publishers, NY, USA, 2012.

CERE Staff 2011

Faculty Ida Lykke Fabricius, DTU Civil Engineering
Philip L. Fosbgl, DTU Chemical Engineering John
Bagterp Jargensen, DTU Informatics
Georgios Kontogeorgis, DTU Chemical Engineering
Michael L. Michelsen, DTU Chemical Engineering
Klaus Mosegaard, DTU Informatics
Alexander A. Shapiro, DTU Chemical Engineering
Nicolas von Solms, DTU Chemical Engineering
Erling H. Stenby, DTU Chemistry, Chairman
Kaj Thomsen, DTU Chemical Engineering

Scientific Staff Katrine Alling Andreassen, DTU Civil Engineering
Ane Sggaard Avlund, DTU Chemical Engineering
Javeed Awan, DTU Chemical Engineering
Birgit Elkjeer Ascanius, DTU Chemical Engineering
Abdelkrim Belkadi, DTU Chemical Engineering
Victor Darde, DTU Chemical Engineering
André Fettouhi, DTU Chemical Engineering
Philip L. Fosbgl, DTU Chemical Engineering
Jan Frydendall, DTU Informatics
Thomas Mejer Hansen, DTU Informatics
Katrine Hedegaard, DTU Civil Engineering
Lars Jensen, DTU Chemical Engineering
Rasmus Lundsgaard, DTU Chemical Engineering
Igor Nesterov, DTU Chemical Engineering
Sidsel Marie Nielsen, DTU Chemical Engineering
Ben Niu, DTU Chemical Engineering
Subham Paul, DTU Chemical Engineering
loannis Tsivintzelis, DTU Chemical Engineering
Maria del Pilar C. Vidal, DTU Civil Engineering
Carsten Vélcker, DTU Informatics
Du Thuong Vu, DTU Chemical Engineering
Wei Yan, DTU Chemistry

Technical and Povl Valdemar Andersen, DTU Chemical Engineering
Administrative Anne Louise Biede, DTU Chemical Engineering
Staff Mia Trolle Borup, DTU Chemistry
Christian Carlsson, DTU Chemical Engineering
Thoung Dang, DTU Chemical Engineering
Hector Ampuero Diaz, DTU Environment
Sinh Hy Nguyen, DTU Environment
Karin Petersen, DTU Chemical Engineering
Zacarias Tecle, DTU Chemical Engineering
Patricia Wagner, DTU Chemistry

PhD Students Mohammad Monzurul Alam, DTU Civil Engineering
Muhammad Waseem Arshad, DTU Chemical Engineering
Ahmed Awadelkarim, DTU Civil Engineering
Rasmus Risum Boesen, DTU Chemical Engineering
Andrea Capolei, DTU Informatics
Knud Cordua, DTU Informatics
Sean Cuthbert, DTU Chemical Engineering /Lloyds Register
Victor Darde, DTU Chemical Engineering

PhD Michael Frost, DTU Chemical Engineering
Students Amalia Halim, DTU Chemical Engineering
cont. PeterJargensen Herslund, DTU Chemical Engineering

Zakir Hossain, DTU Civil Engineering
Priyanka Jain, DTU Chemical Engineering
Alsu Khusainova, DTU Chemical Engineering
Katrine Lange, DTU Informatics
Benedicte Mai Lerche, DTU Chemical Engineering
Xiaodong Liang, DTU Chemical Engineering
Christine Malmos, DTU Chemical Engineering
Yulia Malnikova, DTU Chemical Engineering
Bjern Maribo-Mogensen, DTU Chemical Engineering
Ernest Ncha Mbia, DTU Civil Engineering / Vattenfall
Nikolai Musko, DTU Chemical Engineering
Muhammad Riaz, DTU Chemical Engineering
Esther Rosenbrand, DTU Civil Engineering
Negar Sadegh, DTU Chemical Engineering
Sara Bllow Sandersen, DTU Chemical Engineering
Morten Kanne Sgrensen, DTU Civil Engineering
Angeliki Xenaki, DTU Informatics
Hao Yuan, DTU Chemical Engineering
Adeel Zahid, DTU Chemical Engineering
Xuan Zhang, DTU Chemical Engineering

External Michele Mattei, DTU Chemical Engineering

PhD Students

Guests Aurore Harinordoguy, ERASMUS, France
Ruth Sola Macias, ERASMUS, Spain
Filipa Maia, ERASMUS, Portugal
Elsa Moggia, CIPR, University of Bergen
Miriam Rueda Noriega, ERASMUS, Spain
Ana Pequenin, ERASMUS, Spain
Gladys Tallec, ERASMUS, France

Laboratory Line Bodi, DTU Chemical Engineering

Tranies

IAESTE Amalia Halim, DTU Chemical Engineering
trainees AlsuKhusainova, DTU Chemical Engineering

Associated Hanne Dahl, PostDoc, GEUS

Staff Lidia Burdalo Gonzalez, PostDoc, DTU Chemical Engineering
Li Li, PostDoc, DTU Chemical Engineering
Baoguang Ma, PhD. Student, DTU Chemical Engineering
Anne Ladegaard Skov, Associated Prof., DTU Chemical
Engineering

Student Peter Andreas Boeg, DTU Chemical Engineering
Workers Andreas Emil Ege Bgttcher, DTU Chemical Engineering
Peter Larsen, DTU Chemical Engineering
Dariusz Lerch, DTU Chemical Engineering
Patrick B. R. Rasmussen, DTU Chemical Engineering







