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You are the owner of one of the limited 
copies of the report of the planned BGA 
trip to South Africa. This report aims to 
give a close overview of all the work that 
has been performed by all participants, 
but sadly did not culminate in a 
Bernoulli worthy travelling experience.

After the huge success of the two 
previous editions of Bernoulli Goes 
Abroad to Thailand in 2016 and Brazil 
in 2018 there was not a shadow of a 
doubt that a new edition would be 
organized in 2020. We managed 
once again to prepare a big study trip 
outside Europe and again a different 
continent by choosing South Africa as 
our destination. South Africa is one of 
the most cultural diverse countries, 
has a huge biodiversity and comprises 
stunning landscapes. Coupled with 
an interesting but troubled history 

closely interwoven with our colonial 
history and a large and varied chemical 
industry we felt that South Africa 
harbored all the ingredients for another 
great edition of Bernoulli Goes Abroad. 
Everything turned bleak in early 2020 
when the Covid pandemic hit the 
world hard and we were forced to 
postpone and ultimately cancel this 
edition of the BGA. Despite this sad 
conclusion I still view the organization 
of this trip as a great and instructive 
experience and I hope the same goes 
for all participants. Based on all the 
uplifting responses we received it is 
safe to say that the BGA has become 
an integral part of G.T.D. Bernoulli 
and we have no doubt that future 
editions of this trip will be organized 
when everything turns back to normal.

Douwe Sjirk Zijlstra
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working on several case studies, of 
interest for companies that collaborate 
with us, as University of Groningen, and 
in particular as Chemical Engineering 
department. For example, I can 
highlight case studies for two food 
companies Royal Cosun (sugar) and 
Avebe (potato). We have projects in 
collaboration with both companies, 
to develop new sustainable chemicals 
and materials from their side streams. 
There is also a very good connection 
with the trip, as we were supposed to 
visit the biggest sugar producer of all 
Africa, situated near the city of Durban. 

As I don’t know really anything about 
South Africa, I was looking forward 
to everything that we were supposed 
to do and see in this trip, and very 
curious to discover a different culture, 
a different nature, and to taste some 
of the famous local wines. If I have to 

The most obvious way to start my 
contribution to this booklet is: wat 
jammer! As anybody else, I was really 
looking forward to this trip, which 
would have been my first study trip as 
supervisor, and my first time to ever 
visit a fascinating place such as South 
Africa. As you can see from the picture, 
I usually move up North from my origin 
country (Italy), rather than South. But 
the most disappointed are probably 
the students, who worked hard for this. 
In fact, a very important part of the 
preparation for this trip involved them 

pick something, I think that visiting 
the Kruger National Park was on 
top of my list. To be honest, I got 
a little scared when the students 
asked me if I was afraid of heights… 
I still don’t know what they had in 
mind, but maybe this is for the best. 
I would like to conclude with a quote 
from the most appropriate song, that 
the students of Bernoulli love (Africa, by 
Toto): “Gonna take some time to do the 
things we never had”. Well, I wish you 
all to find that time, after this pandemic.

Patrizio Raffa

Our Supervisors
In our trip to South Africa, we would be accompanied by two professors of our Chemical Engineering department:  
prof. dr. ir. Erik Heeres (bottom right) and dr. Patrizio Raffa (top left). Both professors were very happy when we asked them to 
join us in our trip and we were very much looking forward to having them with us. Below, you can find a piece written by Patrizio. 

This book will give an overview 
about the preparations of the G.T.D. 
Bernoulli study trip to South Africa 
that would have been made in June/
July 2020. The G.T.D. Bernoulli study 
trip is organized every two years and 
traditionally, a travel report is made 
about the trip. In 2020, the study trip 
sadly could not go on due to the covid-
pandemic, however preparations were 
already at an advanced state. These 
preparations include the  formation of 
a committee that would organize the 
trip,  the selection of a country, the 
selection of participants that would join 
in the trip, the  finances of the trip which 
were mostly facilitated through the 
form of case studies performed by the 
participants and the itinerary of the trip.

This report summarizes all aspects of 
the trip that were already performed or 
set, since we think that these aspects 
deserve to be highlighted. Stories 

about the organization of the trip are 
interspered with the summaries of 
the case studies performed by the 
participants in order to try to give 
as good as possible an overview 
about how the trip would have been.  

Also, more than 40 people contributed 
to the preparation of this trip, being: 
the committee, the participants, the 
professors, the contact persons from 
the companies and the contact person 
from a travel agency. We would like 
to thank them all, and we are 100% 
sure that with their help the trip 
would have been an immense succes. 

In the summer of 2021, a weekend 
will be organized for all participants. 
Probably when you are reading this, 
the weekend already took place. It 
was chosen to organize this weekend 
in the Netherlands to close the whole 
BGA experience in a suitable way. At 

Ilse Oude Nijeweme

About the Book

Introduction

the end of this report, a small empty 
place is reserved for the partipicipants 
for a nice photo of the weekend. 

We hope that everybody has fun 
in reading this report, and that it is 
clear how the trip would have been!  
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is a contact-based vacuum dryer that 
uses a high rotational speed motor to 
spread and dry a thin film of substance. 
ATFD’s, though still in their infancy in 
large-scale drying applications, have 
the potential to be more energy-
efficient than the spray dryers currently 
in use at Avebe. We successfully 
developed a mechanistic model 
which gives a better understanding 
of the different variables at play and 
calibrated the model with experimental 
data obtained from the pilot dryer 
in Avebe. As challenging as the case 
study was, we do feel sad that the 
case study had to come to an end. We 
would like to thank Avebe for allowing 
us to work on such a unique problem.

Avebe is a cooperative of starch-potato growers focused on 
the food market. Starch potato is their starting material. At Avebe, 
innovative solutions are produced based on potato starch and 
protein for the markets Food, Industrial and Animal Nutrition.

This case study was done for the 
company: Royal Avebe. Avebe 
is a cooperative of starch-potato 
farmers based in the Netherlands. 
They are producing starch products 
based on potato starch and potato 
protein for use in food, animal 
feed, paper, construction, textiles, 
and adhesives. Avebe has multiple 
production facilities in the north of the 
Netherlands, Germany, and Sweden. 
The innovation center is located 
at the Zernike campus, only a few 
minutes from the Nijenborgh building.

In the first month of the new academic 
year, we had a meeting at Avebe 
about a possible case study. After we 

Development of a Mechanistic Model of an Agitated Thin Film Dryer

Balaji Sridharan & Niels Hegeman

got to know our supervisor, and he 
got to know us, he gave us a nice tour 
around Avebe’s Innovation Center. 
As the name suggests, this place is 
not meant to produce products, but 
for innovation and new technologies. 
Therefore, the innovation center has 
many labs. They all differ with ongoing 
active research on all the different 
products of Avebe. These range from 
a lab with frying pans to test different 
types of fries, to a lab where adhesives 
containing modified potato starch 
are produced and tested. Another 
example is the kitchen in the main hall 
of the building, where chefs make food 
using the newest ingredients made in 
the lab. The multitude of applications 

and products that are developed 
from processing potatoes is quite 
fascinating. After this nice introduction 
to Avebe, the objective of the case 
study was introduced. Our objective 
was to develop a mechanistic model of 
an Agitated Thin Film Dryer (ATFD). The 
model could then be used to evaluate 
the feasibility of replacing a spray 
dryer, which is currently in use, with an 
ATFD. Working exclusively with bio-
based products, the process of drying 
is paramount to Avebe. Hence it is in 
Avebe’s interest to reduce the energy 
demand due to drying. Unfortunately, 
due to confidentiality reasons, it is not 
possible to disclose in too much detail 
what the case study entailed. An ATFD 

Supervisor university: Jos Winkelman
Supervisor company: Kees van der Voort Maarschalk 
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Cosun Beet Company (formerly Suiker Unie) processes sugar 

beets into sugar and sugar products. The company is part of Royal Cosun 

and has sugar refineries located at Dinteloord and Hoogkerk-Vierverlaten. 

In July 2020, Suiker Unie changed its name to Cosun Beet Company.

in Dinteloord to take a close look
at how it is made. As a consequence 
we got more acquainted with 
the subject. Combining these
observations with the knowledge 
depicted in the literature we 
were able to identify certain
components. However, we did 
not stop at this point: we looked 
how these compounds could be
validated, isolated and purified. 
We thank Cosun/Suiker Unie for 
this opportunity to dive into this
subject as they enabled us to learn 
more about the endless possibilities 
of the sugar beets. Thanks to
the guidance of George van Aken we 
were able to deliver a valuable report.

Dear reader, great that you have 
arrived at this page of our book in 
which we explain what we could
find out with our case study for 
Cosun/Suiker Unie. Sugar beets 
are the core business for the
Suiker Unie, being the largest sugar 
manufacturer in the Netherlands. 
The beets are mainly exploited
during the beet campaign from 
September to February. However, 
we have learned that sugar is not
solely their product of interest. Cosun 
and Suiker Unie share a common 
objective to extract everything
this beet has to offer by producing 
minimal amounts of waste and use 
everything this beet has to offer.
We were asked to perform a 
literature study for these companies 
on an extraordinarily enjoyable part
of life: sweet perception, 
alongside a strong emphasis on 
sweet enhancement.  

Sugar Beet Component as a Sweet Enhancer

Sweetness, the key attribute of 
natural sugar in its final refined 
form. Sugar plays a crucial role in
sweetening our daily life products. 
It is well-known and well established 
all around the globe while
stemming from different sources. In 
a world wherein synthetic additives 
replace natural products we
have to remain critical and look 
with another pair of glasses to the 
way we cultivate, produce and
consume our foods.  

Sweet enhancement has the potential 
to lower the caloric level in products but
preserve its characteristic taste 
and smell. Hence it would be one 
way to fight overconsumption that
is a major societal problem and 
can ultimately result in obesity or 
diabetes. Our project is a typical
valorization project of this company. 
The company suspected the 

presence of a certain component in
the sugar beet or sugar beet 
processing that possesses the 
ability to act as a sweet enhancer in
nutrition or beverages. It was our 
job to identify this compound 
without doing any physical
experiments. We could exclusively 
make use of the accessible literature, 
patents and other sources on
the internet. We drafted an 
approach in which we divided our 
project in five stages: 1) get familiar
with the subject; 2) search for 
potential compounds; 3) connect 
these compounds to compounds that
are already important in foodstuffs; 4) 
validation; 5) isolation & purification.

Our research has been mainly 
focused on odorous compounds 
that are released during processing.
Along our journey we have also 
visited the sugar manufacturing plant 

Maurits de Roo & Sven Broekman
Supervisor university: Peter Deuss

Supervisor company:  George van Aken
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of pectin oligosaccharides (POS) 
was described by the rheological, 
gelling, emulsifying and ion binding 
properties, in comparison to native SBP.  

Prediction of the functional 
properties of the pectic side stream is 
complicated because it consists of a 
wide range of POS fractions. However, 
strong indication could be given for 
potentially interesting  functionalities 
of the pectic side streams, which may 
motivate further experimental studies 
on the composition and selected 
functionalities suggested by this study.

Royal Cosun is a Dutch cooperative that processes arable crops and other 

vegetable raw materials. Cosun’s business groups (Cosun Beet Company, Sensus, 

SVZ and the Duynie Group) produce not only vegetable ingredients and foodstuffs 

for people and animals, but also green and vegetable solutions and energy.

Royal Cosun is a native Dutch company 
that mainly focuses on the sustainable 
valorization of plant-based functional 
materials, replacing chemically 
derived functional ingredients, and 
on the circular  use of the side steams 
resulting from these productions. From 
these natural resources Cosun not 
only produces plant-based foods and 
ingredients but also green, bio-based 
applications and energy. This case 
study gives a review of the general 
functionality and new applications of a 
sugar beet derivate side stream that is 
currently added to cattle feed, namely 
pectin, thereby aligning with Cosun’s 
philosophy to be 100% circular by 2030.

After sugar is extracted from sugar 
beet, a sugar beet pulp (SBP) remains. 
The carbohydrates present in the SBP 

Sugar Beet Pectin Functionality Review

Dina Boer & Ernst de Vries

consist mainly of cellulose and pectin. 
Cosun extracts the cellulose from the 
SBP to this end. In this study the focus 
was on the pectic side stream resulting 
from Cosun’s cellulose fiber production
for the production of Betafib®, a 
sustainable structuring material, which 
is among other applications used 
to toughen plastics, as construction 
materials, thicken drilling mud 
and in home and personal care 
applications. Through Cosun’s 
Pectin Powering People project 
the valorization of the remaining 
pectic sidestream is investigated. 

Pectin is a natural polysaccharide 
and a major constituent in plant cell 
walls, accounting for two thirds of 
its dry mass. Native pectin has many 
applications as a food emulsifier, 

gelling agent, thickener and stabilizer. 
Furthermore, pectin polysaccharides 
exhibit ion binding, prebiotic and 
immunomodulating properties. 

The main question for this case 
study is to what extent the pectic 
sidestream as a whole or fractions 
thereof still have good functional 
properties that are applicable in 
food and non-food applications. 

The desk study started with an 
general overview of the structure and 
functionality of pectins from different 
plant sources, which was narrowed 
down to sugar beet pectin. Next, a 
variety of pectin extraction techniques 
were discussed, focusing on the 
effect on the pectin structure and 
functional qualities. The functionality 

Supervisor university: Peter Deuss
Supervisor company:  George van Aken
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Eska is a company that produces high-quality packaging card 
board from 100% recycled material. With 450 staff employees, Eska 
supplies 250,000 tons of solid board every year to the world. This 
special card board is used for well-known brands and a wide range of 
markets, after all, paper is a very sustainable and versatile material. 

with an assignment and you have a 
ton of questions. However, after some 
getting used to, the meetings went 
quite smooth and given the situation, 
the group from Eska was very flexible. 
A special thanks to the supervising 
team: Benno, Bert, Koos and Johan 
for making the whole project an 
educational and enjoyable experience. 

At the end of February we got news 
about the case study assigned to us. 
A few days later, we had the kick-
off meeting at Eska and during this 
meeting we were able to visit the 
Hoogezand mill where the case 
study was presented to us: since so 
much water is used in the making of 
paper, the company, in the spirit of 
sustainability, decided to close the 
water loop. However in doing so the 
levels of butyric acid (BA) increased 
over time. BA is produced by a certain 
type of bacteria and gives undesired 
characteristics to the final product 
when the concentration is over some 
limits. The assignment consisted of 

Modelling Butyric Acid Formation in a Closed Water System

Joren de Korte & Jessi Osorio Velasco

modelling the closed water cycle of 
the paper mill in Hoogezand, making 
use of the data available from their 
analytical department in combination 
with PFDs & PIDs of the factory. With the 
output from the model we could make 
suggestions for quality improvements, 
while production rates were sustained.
We modelled a simplified water cycle 
scheme that contained a full mass 
balance of paper flows, water flows 
and BA concentrations. The model 
allowed for the inclusion of all data 
found to correlate with the parameters 
of interest, by implementing correlative 
studies done on the analytical data 
and analyzing the model’s respective 

behaviour.  We’ve got a good insight 
into the variables that mostly affect BA 
production. Since the study trip did not 
happen in June we were able to take 
a few more weeks to give it a better 
closure. We even had time to try one of 
the hypotheses at the lab and got some 
interesting results. Based on all results 
and suggestions, Eska is planning 
to continue our work with an intern. 

It is difficult to talk about this case 
study without mentioning Corona. 
The lockdown came the week after 
the kick-off meeting. The following 
meetings were exclusively online, not 
exactly the best timing when you start 

Supervisor university: Gert-Jan Euverink
Supervisor company:  Benno Koopmans
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economy in Africa and one of the 
biggest emitters of green house gases 
as a result of its large coal industry.
 

The republic of South Africa is one 
of the largest and highest populated 
countries of Africa. The biggest cities can 
be found in the fertile eastern part and 
the coastline, whereas the western and 
center part of South Africa are sparsely 
populated due to the its arid climate. 

South Africa is one of the most cultural 
diverse countries with 11 official 
languages, being a result of it’s complex 
history with a multitude of African 
tribes and three different colonizing 
nations and the formation of different 
Boer republics like Orange Free State 
and Klein Vrystaat. In 1948 the darkest 
page of South African started with the 
legally institutionalized segregation 
known as Apartheid. Over 4 decades 
this segregation allowed whites to 
enjoy the highest standard of living in 
Africa, whilst the black majority was 

disadvantaged from almost all basics. 
This situation changed drastically 
with the release of Nelson Mandela 
in 1990 and his victory in the 1994 
elections, but as of today South 
Africa is one of the countries with the 
highest inequality in living standards. 
Apart from being one of the most 
cultural diverse nations, South Africa 
has also a huge biodiversity being 
ranked sixth on the list of megadiverse 
countries as a result of it’s many 
different climate types and it’s 
topographical features. Especially the 
central plateau, the Drakensbergen 
and the panorama route are well-
known for its breathtaking views. 
Another interesting fact of South 
Africa is that it has three capital cities: 
Pretoria (executive), Bloemfontein 
(judicial) and Cape Town (legislative). 
South Africa is the second largest 

Douwe Sjirk Zijlstra

The Trip

2120
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for the following 3 days. Our first 
activity of the trip would be to visit 
Sasol. Also scheduled was a visit to the 
Premier Mine and we would visit the 
Apartheid Museum in Johannesburg. 
After Pretoria, we would travel to 
Hazyview via the Panorama Route, 
where we would do a Kruger Park 
Afternoon Game Drive and hopefully 
spot the Big 5. Although we would be 
fairly in the middle of nature here, a visit 
to Sappi would also be on the agenda 
before we would have traveled to 
Swaziland. From Mbabane (Swaziland) 

Date Morning Afternoon Location
4 July Saturday Flight to Port Elizabeth Bus to Cape St Francis Cape St. Francis
5 July Sunday Addo Elephant Park Cape St. Francis
6 July Monday Activity Tsitsikamma National Park Knysna
7 July Tuesday Activity Plettenberg Bay Knysna
8 July Wednesday Bus to Stellenbosch Activity Stellenbosch
9 July Thursday Visit University of Stellenbosch Wine tour + braai Stellenbosch
10 July Friday Visit SAB Miller Free time Cape Town
11 July Saturday Visit Tafelberg Cape Town
12 July Sunday Visit Robben Island Cape Town
13 July Monday Visit Boulders Beach (Penguins) Cape Town
14 July Tuesday Free time Departure from Cape Town Cape Town

15 July Wednesday Flight to Schiphol Arrival at Schiphol Schiphol

we would head to St Lucia, a spot by 
the sea where we would definitely take 
a swim. From St Lucia we would go to 
Durban, where we could also enjoy the 
sea but there would also be a lot to 
do here given the size of the city. From 
Durban a domestic flight was planned 
to Port Elizabeth and from there we 
would be transported to St Francis. 
Both in St Francis and Knysna we would 
have seen a lot of nature and animals, 
in particular the Addo Elephant Park 
was on the list to visit. The last week 
we would have spent in Stellenbosch 

and Cape Town. In Stellenbosch we 
would have visited the University of 
Stellenbosch and of course we would 
have enjoyed the typical South African 
vineyards. We wanted to end the 
trip with a bang with 4 days in Cape 
Town, a city that has much to offer. 
Here we would have visited SAB Miller 
Newlands Brewery and of course 
Table Mountain and Robben Island. 
Moreover, of special animals we would 
not be short of anything since here 
we could see wild African penguins!

Diana Bollen

Outline of the Itinerary

Date Morning Afternoon Location
23 June Tuesday Travel to Amsterdam Schiphol
24 June Wednesday Flight Arrival at Johannesburg - 

Bus to Pretoria
Pretoria

25 June Thursday Visit Sasol Visit Apartheid museum Pretoria
26 June Friday Visit Premier (diamond) mine Activity Pretoria
27 June Saturday Bus through Panorama route Panorama route
28 June Sunday Kruger Park Game Drive 

("Big 5 Safari" tour)
Hazyview

29 June Monday Visit Sappi Bus to Swaziland Mbabane
30 June Tuesday Bus to St Lucia (Beach) activity St Lucia
1 July Wednesday (Beach) activity Durban
2 July Thursday Company visit Durban
3 July Friday Activity/free time Durban

The Trip

start in Johannesburg and end in Cape 
Town, one that we would travel in two 
buses both with a South African driver.   

Our trip would begin with a flight from 
Schiphol to Johannesburg (stopover 
in Dubai), where we would arrive on 
Wednesday, June 24th in the afternoon. 
From here we would be taken straight 
to Pretoria, where we would also stay 

The goal of the trip was to see as 
many highlights of the country as 
possible in 3 weeks while maintaining 
a varied program covering many 
aspects. Of course we would visit the 
chemical industry and universities, 
which were located in the larger cities 
(Johannesburg, Pretoria, Durban and 
Cape Town). Then, high on our list was 
also that we wanted to see the animals 

(Kruger Park, Addo Elephant Park). 
In addition, we obviously wanted to 
learn about South African culture and 
history (Apartheid Museum, Robben 
Island) and meanwhile we wanted to 
be able to enjoy nature everywhere 
(Panorama Route, Table Mountain, 
vineyards). In order to summarize 
these aspects all in one trip, we opted 
for a kind of road-trip where we would 

23
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mostly high school students. Here we 
had to implement more information 
about Chemical Engineering as a whole, 
while also going into depth to educate 
these young pupils and motivate 
them as possible future researchers.

Subsequently, this information had 
to be translated into something that 
is understandable and interesting 

for the target audience. The best 
way to achieve this depends a lot on 
whether you’re making something 
for a corporate audience or for 
educational purposes (which we had 
to do both!). Of course, it was also a 
challenge to do this properly while 
not cutting out important concepts. 
Overall, this resulted in good 
discussions and interesting work for us!

In the end we enjoyed the project 
and the collaboration with Francesco 
a lot! We were able to finish it mid-
summer and concluded the project 
with a nice dinner on the Zuiderdiep!

This case study was performed for 
our university. More specifically, we 
were needed to help prof. Francesco 
Picchioni in a just initiated project on 
Supercritical CO2 between the RUG, 
the Province of Groningen and the 
SNN (Samenwerkingsverband Noord-
Nederland). The central question of the 
3,8M granted project was: “How can 
small companies deploy supercritical 
CO2 for the environmentally-friendly 
production of sustainable chemical 
products?”.  ScCO2 is a very interesting 
and relevant topic, as in Francesco’s 
words: “The use of scCO2 as an 
alternative for organic solvents could 
help multiple businesses in the region 
to achieve this goal. ScCO2 also offers 
opportunities for the manufacturing 
industry, the food industry and for 

Development of Educational Material about Supercritical CO2

Felix van Berkestijn & Hans Veldkamp

engineering. Many companies want 
to know more about this.” Hence 
for us, this case study served as an 
interesting opportunity to get to 
know more about a sustainability 
related project of significant scale. 

We were one of the duo’s that had to 
be a little more patient in expectation 
of a project. Around February we got 
the message from Douwe that the 
committee had found an interesting 
project for us to work on. We 
were happy to accept a project on 
supercritical CO2 in collaboration with 
Francesco, which sounded great! In 
March we had our first meeting with 
Francesco, and we had to work fast 
and efficient because the trip would 
take place in three months (which 

it did not due to obvious reasons).

Since the project had just received 
a grant and was in its early phase, 
an important next step was to 
familiarize local companies and other 
stakeholders with the project. We 
were assigned with the task to create 
material and presentations that could 
be used in this mission. We had to 
translate the concepts and possible 
applications of supercritical CO2 

into digestible informative portions. 
After getting familiar with the core 
concepts of scCO2, we had to delve 
into the literature to create a map 
of useful applications that were 
interesting to mention in the project.
Next to the corporate companies, also 
an educational group was targeted, 

Supervisor university: Francesco Picchioni
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parts driving the overall precipitation 
reaction. The effects of different ions 
in the solution were investigated. 
Moreover, the reactor setup and crystal 
growth have also been addressed. 
An important factor was also the 
formation and stripping of the carbon 
dioxide. From the researched literature 
we drew up a report and provided 
our recommendations to the IWE 
for future alterations to the process. 

Overall it was a challenging, but 
nonetheless interesting case, from 
which we learned a lot. Moreover, it 
was enlightening to get a view in the 
life of a consultant and we definitely 
can recommend this to everyone. 

Industriewater Eerbeek  treats the waste water from Eerbeek’s three paper 
mills Mayr-Melnhof, DS Smith De Hoop and NeenaH Coldenhove. With technological 
solutions, Industriewater Eerbeek is leading the way in recycling raw materials in a 
circular economy. Every year, around 4 million m³ of water is processed, representing 
a waste load comparable to the waste water from a city the size of Utrecht.

A large issue in industry around the 
world is the environmental concern 
regarding the purification of process 
water. Industriewater Eerbeek (IWE) 
has aimed to tackle part of this issue 
with a quite ingenious solution. 
IWE has a patented method for the 
physical removal of calcium carbonate 
from the effluent of the biological 
wastewater-treatment of paper 
industry which prevents the unwanted 
usage of chemical treatment. 

Water that is cleaned and descaled/
decalcinated in the purification 
process is supplied back to the paper 
industry to be reused, completing the 
water recycle loop. The obtained chalk 
from the water softening process can 
be used in agriculture. The calcium 
content in the wastewater is lowered 
from around 300 mg/L to around 50 

Calcium Removal from Paper Industry Wastewater

Anne-Jan Kleiweg & Bart de Jong

mg/L. Next to the water softening step, 
other parts of the purification process 
also yield valuable products that can 
be recycled. The excess of bacteria that 
have grown, are sold as granulates to 
other purification plants. Furthermore, 
biogas is obtained which is also used 
in the paper industry. Next to this sulfur 
and sludge is obtained, which are used 
in the agricultural sector and cement 
sector respectively. This makes IWE 
one of the most sustainable players 
in the water purification industry.

The physical softening method (literally) 
revolves around the removal of carbon 
dioxide from the water, to force the 
calcium carbonate to precipitate. It 
was found that the removal of calcium 
could be divided into three parts: 
the formation of calcium carbonate 
crystals, the reaction between different 

forms of dissolved carbon dioxide and 
the removal of carbon dioxide from 
the solution. The crystallization is 
enhanced by the presence of seeds that 
provide surface for the precipitation of 
calcium carbonate. The removal of this 
carbon dioxide is done by stripping 
the compound out of solution, 
which is in turn due to the small 
concentration gradient between the 
water and the saturation concentration 
depending on the surrounding air. By 
forcing air into the tanks, using fast 
spinning aerators, a large gas-liquid 
interface is created and the carbon 
dioxide is removed from the water. 

It was our aim to find the critical 
parameters that govern this process. 
This was done via an extensive literature 
research. It was found that this process 
is very expansive, with a lot of different 

Supervisor university: Jos Winkelman
Supervisor company:  Walter Hulshof
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itinerary, getting in touch with 
companies/universities. The network 
of our professors only included a 
few connections to South Africa, but 
fortunately these persons were more 
than willing to help us and provided 
us with some direct contacts at a few 
companies. Also a direct request to 
Sasol for a group visit was surprisingly 
easily approved. Of course not all 
attempts were as successful, but by 

February 2020 we had quite a good 
outline of all the educational activities 
and we could finally start with the 
planning of the “Bernoulli worthy” 
activities. Unfortunately it is all too clear 
that this part and the trip didn’t come 
to fruition. The final things left for us 
was making this report, organize a nice 
weekend with all the participants and 
most importantly ensure that a new 
BGA committee will be installed.  

the itinerary. With South Africa being 
such a big country and the main cities 
being spread throughout the country 
we were faced with quite a logistical 
puzzle. Combining this with our wish to 
include the Kruger Park, the Panorama 
route and the Garden route, we 
decided that the best way to combine 
this was doing a roadtrip. For the 
destinations, the two obvious choices 
were Cape Town and Johannesburg/
Pretoria and the third pick was Durban. 
In this way we would visit three different 
regions in South Africa with their own 
distinct culture and history. With these 
selected destinations we could also 
very nicely intertwine the ‘serious’ 
parts with the ‘recreational’ parts and 
finishing with a blast in Cape Town.

With this rough outline we could 
start with the hardest part of the 

Quite often during the preparation 
of this trip people asked us how it’s 
possible that we can organize such 
a trip and still make it affordable for 
students and almost quite as often 
people wonder about the workload 
that is involved in such a committee. 
With this section we want to give some 
extra insight into all the preparations 
that we performed in order to prepare 
such a big study trip. The start of 
the preparations were already in late 
2018 with the call for applications for 
the BGA 2020 and in February 2019 
we were installed as the new BGA 
committee. Straight away we were 
faced with the two tasks that have the 
biggest impact on the entire trip. 1. 
Selecting a destination, this may sound 
trivial but there are actually some 
important requirements in order to 
be a suitable destination. The country 

has to be appealing in order to entice 
many students to apply for the study 
trip. Additionally, the country needs to 
have a diverse chemical industry and at 
least some high level universities. Once 
a shortlist of the favorite destinations 
was compiled the final decision had 
to be made and after some meetings 
the choice was made: South Africa! A 
country with a large variety in wildlife 
and landscapes as well as a rich 
culture with close connections to the 
Netherlands. 2. Acquiring case studies, 
which is such an important matter that 
two functions (half of the committee) 
were designated to fulfill this task. Ilse 
and Diana met several times a week 
to email and call companies with the 
goal to acquire case studies. What 
the idea is behind these case studies 
is that the participants themselves 
do not have to pay for all the money 

involved in a 3-week trip to South 
Africa, but instead work 140 hours on 
an assignment at a company.  In this 
way, the personal financial contribution 
of the participants is a lot lower and, 
in addition, the students gain study 
credits (as the RUG guarantees the 
quality of the case studies) and of course 
work experience: a win-win situation. 
It was our job to find 8 case studies 
that would be performed in duo by 16 
participants. These participants were 
selected via an application procedure, 
where their capability and availability 
of executing a professional case study 
prior to the trip was evaluated as well as 
their added social value for the group. 

With the selection of the participants 
and the acquisition well on its way it 
was finally time to start with the nicest 
part of the preparation: setting up 

Behind the Scenes

The Preparations
Douwe Sjirk Zijlstra & Diana Bollen

28



30

endothermic chemical reaction (ADP 
-> ATP) at the other side of this loop 
the reverse exothermic reaction (ATP 
-> ADP) occurs and heat is released 
and transferred to the stream to be 
heated, for instance to generate 
steam from water. Qpinch only needs 
a small amount of electrical energy, 
typically 2-3% of the output duty.
We started the feasibility study by 
getting to know the PPTA process. 
First, we made or own PFD of the 
sections of interest. Next flows and 
temperatures were added to the PFD 
to get a broad overview of the energy 
flows within the plant. Thereafter 
Qpinch was contacted to getter 
information about their products. 

With the help of Teijin and Qpinch we 
eventually came up with our verdict.

It turned out that the Qpinch 
technology was not viable for the 
Teijin process. Residual heat flows 
were not sufficient to make the 
Qpinch technique interesting. Other 
opportunities for residual heat 
recovery were discussed as well.

Teijin Aramid is the world’s number one aramid producer. The company 
produces high-strength fibers for industrial purposes, such as their well-
known para-aramid, Twaron. These fibers are currently widely used in various 
competitive and innovative industries, such as automotive (tires, belts), 
protective clothing (bullet- and fire-resistant clothing) and construction. 

Teijin Aramid Delfzijl focuses on the 
production of the aramid polymer 
paraphenylene terephthalamide 
(PPTA). The two monomers, TDC and 
PPD, are produced on site. The side 
products, hydrochloric acid and OPD, 
are sold to external parties together 
with a part of the produced TDC. 
For the production of the aramid 
polymer a lot of energy is consumed.

Energy efficiency is very important 
in chemical processes due to the 
high energy costs and the emission 
of greenhouse gasses. The emission 
of greenhouse gases in chemical 
industries is a major contributor to 
global warming. There are several ways 
to reduce these greenhouse gases 
within current chemical processes. 
One of them is using the energy in a 

Feasibility Study of Residual Heat Recovery Systems in the Current Process

Pim Wansink & Bart Krisman

more efficient way. A lot of energy is 
spilled in the utility section of a plant. 
Teijin tries to minimize the emission 
of greenhouse gases. This could 
be done by re-using residual heat.

The focus in this case was to find 
opportunities to re-use the residual 
heat somewhere in the process. There 
are several techniques to recover the 
residual heat that is wasted. Qpinch 
is one of those techniques. This 
recovered heat could be re-used in 
the process instead of wasting it by 
cooling. There are several sections 
in the plant where large amounts of 
energy are required. This energy is 
provided by steam condensers and hot 
oil furnaces. By pre-heating the feed 
stream with residual heat, the total 
energy provided by the utility streams 

will be decreased. The integration 
of Qpinch and other modifications 
in the process were investigated.

One option was the implementation of 
a mechanical heat pump. With a heat 
pump a low temperature waste heat 
flow can be upgraded to useful high 
temperature heat. The mechanical 
heat pump is the most widely used 
heat pump. Its operating is based 
on compression and expansion of a 
working fluid, called the refrigerant. 

The Qpinch process is a heat recovery 
process which looks a bit like the 
process of a normal heat pump. 
The process itself is patented, but 
it can be compared to the human 
ATP, ADP process. Where in the 
loop the waste heat is used for an 

Supervisor university: Paolo Pescarmona
Supervisor company:  Wiebe Jansma
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with producers in the area was 
investigated. These different materials 
would mean a significant change to the 
current process and would additionally 
create a dependency on surrounding 
businesses. A last consideration was 
the recycling of CO2 created in the 
process, as also is a starting material. 
Due to impurities present in the 
reaction gas, this idea proved to be 
quite difficult to realize in practise. 

Overall, operational costs of different 
options were estimated. Here, material 
and operational costs were considered. 
Additionally, because the option of 
having emission taxes charged in the 
upcoming years seems to become more 
relevant every year, hypothetical taxes 
were introduced to our calculations as 
well. This provided a future outlook 
with flexibility on several points in 
the final conclusion of the study.  

Zeolyst is a leading global supplier of specialty zeolite powders 
and catalysts. Their products are used in catalysts required for the 
catalytic cracking of heavy oil components, the catalytic formation 
of specific organic compounds and for the treatment of flue gases. 

Zeolyst C.V. produces a wide variety 
of high quality zeolites for different 
applications (e.g. hydrocracking in oil 
refineries). In the production of these 
zeolites, sodium silicate, also called 
waterglass, is a common starting 
material. Currently, this sodium 
silicate is produced by PQ silicas, 
one of its parent companies, in a 
facility of over a century old. Zeolyst 
C.V. wanted to obtain a clear picture 
on this process and check whether 
improvements could be made by 
changing production methods. 
 
We started this case by evaluating 
the production process with among 
others a visit to the sodium silicate 
production site. It was found that 
the process is very energy intensive, 
mainly because the sodium silicate 
is produced at temperatures around 
1200°C. This is done, as with common 

Evaluation of the Waterglass Production Process

Jesse Heijkoop & Luc Terra

glass production, in a massive furnace. 
This furnace would be the biggest 
part of our investigation as the effect 
of different furnaces and fuel types 
were estimated. The main goal here 
was to increase the efficiency and to 
decrease the emission of greenhouse 
gases without harming the quality 
of the final product. Currently, most 
furnaces are operated with natural 
gas and ambient air, which creates 
substantial amounts of CO2, SO2 and 
NOx gases. Additionally, these natural 
gas furnaces are not efficient and 
lose a lot of heat to the environment.
 
A first solution to this was to combust 
the natural gas in presence of pure 
oxygen. This would reduce the amount 
of NOx produced while it also greatly 
improves the efficiency of the furnace. 
However, due to the fact that pure 
oxygen is still a relative scarce resource, 

the economic viability would still be 
a big question mark when compared 
to the advantages it presents. A 
second option was to use a hydrogen 
powered furnace, which could also 
be operated with oxygen or ambient 
air. A hydrogen powered furnace 
would produce almost no emission 
gases, especially when operated with 
pure oxygen.  But with hydrogen the 
problem of scarcity is even bigger 
than with oxygen, which would cause 
operational costs to massively increase 
with this scenario. A final option was 
found to be a fully electric furnace. 
These present a high efficiency and 
generally have very low emissions. 
Additionally, electricity would 
without a doubt have less availability 
issues as oxygen and hydrogen.
 
Next to this, the option of using different 
materials to obtain chain integration 

Supervisor university: Jun Yue
Supervisor company: Sjoerd Alkema
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Case Study Companies

Expression of Gratitude

Expression of Gratitude
We want to thank all the people contributing to the BGA 

2020 edition. We are extremely grateful for all your help. 

General
prof. dr. F. Picchioni
prof. dr. ir. H.J. Heeres
dr. P. Raffa

Francesco, we would like to thank you for your support 
during the BGA 2020. As coordinator of the case study 
course but also as provider and supervisor of one of the 
case studies, your help was indispensable. Erik and Patrizio, 
thank you for your willingness to join the trip with 20 students. 
Unfortunately, we could not enjoy the trip, but your thinking 
along during the preparations is really appreciated. 

Organization - Contact South Africa
Elly Siers - Chaka Travel

Your contribution helped us to outline the perfect trip in 
South Africa. With your experience in travelling through 
South Africa, we found destinations we would never find on 

our own. Thank you for the pleasant collaboration.  

Supervision Case Studies
dr. P.J. Deuss 
prof. dr. G.J.W. Euverink
prof. dr. P.P. Pescarmona
prof. dr. F. Picchioni
dr. ir. J.G.M. Winkelman 
prof. dr. J. Yue 

Case Study Sponsorships
We would like to thank the companies that participated in 
performing one or more case studies with us. Thank you for 
your cooperation and your trust in us!

Avebe: K. van der Voort Maarschalk
Cosun: G. van Aken
Eska: B. Koopmans
Industriewater Eerbeek: W.A.M. Hulshof
Teijin Aramid: P.S.D. Smallegange
Zeolyst C.V.: S. Alkema
University of Groningen: F. Picchioni

Subsidies
University of Groningen
Groningen University Fund

Ilse Oude Nijeweme
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Finishing Touch
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