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Dear !ntervisiE reader,

We are incredibly pleased to present to you the 29th edition of the annual maga-
zine of the 16th board of-of CoUrsE!, !ntervisiE. The theme of this year’s magazine is  
Construction 4.0, and it highlights how the rise of the new digital industrial revolution, 
known as Industry 4.0, is a transformation that makes it possible to gather and analyse 
data across machines, enabling faster, more flexible, and more efficient processes in 
the construction industry.

As always, this edition is packed with informative articles addressing current topics 
and developments in the academia and the construction industry from students, alum-
ni, professors and our partners. The magazine starts with an introduction to the master 
track Construction Management and Engineering. Then it has a section, of CoUrsE! 
Stories which introduces you to the people behind the scenes and what they gained 
from the board this year. Furthermore, it also contains information about initiatives and 
events done by, of CoUrsE!. Then there are two fascinating exchange stories by our 
CME students Bas Pannekoek and Pim Labee for you to read. Board alumni, Claudia 
van der Graaf, talks about her journey from a student at TU Eindhoven and how it  
influenced her professional life. Guido Porteners talk about his life at PACER, our part-
ner company.

A brief introduction to the theme of the magazine succeeds this, followed by research 
work carried in the university related to the theme by our fellow PhD students.The 
magazine also introduces to a student team of the university, Team CASA that works 
towards sustainability in a construction project by creating a digital twin.  Sander van 
Gemert has written an article on his BIM-based Life Cycle Assessment application for 
embodied impact assessment during the early design stages of a construction project. 
This article is followed by an academic overview of a research project conducted by 
assistant professor, Dr Gamze Dane titled ‘Regeneration and Optimization of Cultural 
Heritage in Creative and Knowledge Cities’. 

Our partners also provided us with articles. There is an interview with Rick Titulaer from 
ARUP about parametric design and how it influences the construction industry. There 
is an article by Bob van Bronkhorst and Ruben Bultman from Aveco de Bondt talking 
about how user-oriented development is on the rise, and one size fits all is no more a 
solution in the construction industry. Judith and Joost from Brink talk about how data 
science, big data, and AI are conquering the construction sector. Our partners BIM 
Connected  have written an article from BIM connected about information flows in 
construction sector with a focus on building Object Type Libraries and interoperability 
by using open BIM. The magazine ends with an article by International Project Engi-
neer, Rob Rijnen from Witteveen+Bos about the application of advanced technologies 
in construction 4.0 in the daily practice of contract management within the company

To conclude, we want to thank everyone who contributed to this edition of the !nter-
visiE!. On behalf of the 16th board and the associated committees, we would like to 
thank our members for having faith in us and for joining us on our journey in the aca-
demic year 2018-19 and making this year a success. 

Enjoy Reading!

Yours sincerely,

Siddharth Panjwani 
Editor-in-Chief, IntervisiE, 
Chairman, 16TH Board of-of CoUrsE! 
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Research
The CME program has a clear scientific signature: active involve-
ment with research activities organised and captured within two re-
search schools: Design and Decision Support Systems (DDSS) and 
Beta Research School for Operations Management and Logistics 
(Beta). CME students can be involved in state-of-the-art research 
projects which are funded by European Union, national research 
funds or industry, and learn from top researchers in the field (“Mas-
ter Construction Management and Engineering,” n.d.).

Reason to choose this program
The scientific and social relevance of the CME program is beyond 
doubt and offers long-lasting career opportunities for CME gradu-
ates of the TU/e. CME graduates find jobs at engineering consultan-
cy offices, governmental institutes, start-ups, and contractors. This 
applies to all students, irrespective where they come from because 
the CME program has a very international scope. The CME alumni 
association (ACME) evidences these prospects. (Master Construc-
tion Management and Engineering,” n.d.).

References
• Education | of CoUrsE! (n.d.). Retrieved July 1, 2019, from https://
www.ofcoursecme.nl/education/
• Master Construction Management and Engineering. (n.d.). 
Retrieved July 1, 2019, from https://www.tue.nl/en/education/gra-
duate-school/master-construction-management-and-engineering/

CME at TU/e
At TU Eindhoven, the program is offered by the Department of Built 
Environment and the Department of Industrial Engineering and In-
novation Sciences (Education | of CoUrsE!,” n.d.). The courses and 
projects are provided by the two departments, each with its com-
petence profiles, traditions and networks ensure that the program 
is of high quality, but also that it is exciting and stimulating. Cour-
ses consists of  lectures by teachers with a strong academic and 
professional reputation. Graduation projects are individual projects, 
often in cooperation with a business partner. Business partners are 
eager to be involved, and they can be found in the Eindhoven regi-
on, also known as Brainport. Altogether this means that graduates 
of the CME Master’s degree program are assured a highly valued 
diploma (Master Construction Management and Engineering,” n.d.). 
The CME program at TU Eindhoven anticipates the changes that 
drive the need to reform by exploring the area between Constructi-
on Engineering and Scientific Management and Economics (Educa-
tion | of CoUrsE!,” n.d.).

Focus at TU/e
The program explores the management and implementation of ur-
ban development processes with an emphasis on smart cities. The 
primary areas of focus are:
 • Energy Neutral Cities
 • Urban Management
 • Building Information Management

As a CME student, one is familiarised with existing management 
and engineering practices and learns to achieve the desired chan-
ges in the AEC industry and assess the consequences for the con-
struction process and its organisation. A CME student further de-
velops the engineering, problem-solving and communication skills. 
The master program in CME focuses on aspects like stakeholder 
management, process management, project management, legal 
practices and mode of governance in the construction industry. It 
also trains students to build entrepreneurial insight. (“Education | of 
CoUrsE!,” n.d.).

Master of Science (MSc) in Construction Management and Engineering (CME) is a two-year master’s programme taught in 
English. It addresses the increasing need for reforms within the architectural, engineering and construction (AEC) industry. 
The CME program is a 4TU program given at TU Eindhoven, TU Delft, and TU Twente and does not include the Wageningen 
University of Research. (“Education | of CoUrsE!,” n.d.)

ABOUT CME



The board year 2018-19 saw many activities and programs organised by the study association of Construction Manage-
ment and Engineering, of CoUrsE!. Before we delve into these activities , let us take a look at those people who made them  
possible with the help of activity committee members. 

Siddharth Panjwani 

My name is Siddharth Panjwani. I am a 25-year-old Indian who has 
come to the Netherlands to study the MSc construction manage-
ment and engineering after doing a Bachelor of Technology in Civil 
Engineering. I have worked as a design engineer in a hydraulic engi-
neering consultancy after completing my studies.

I have been involved in helping associations and boards in my ba-
chelor's program and during my work in the education and manu-
facturing industry. Furthermore, I wanted to understand Dutch cultu-
re. Hence, I decided to join the 16th board. During my meeting with 
the previous year board members, I stated that I would like to help 
in all the activities of the board as a committee member. However, 
due to fewer people volunteering to join, I joined it as the chairman. I 
also acted as the commissioner of activities for this board for a short 
while. In the later part of the board year, I got a chance to create this 
year's edition of the CME study magazine !ntervisiE. 

As the chairman of the 16th board of-of CoUrsE! It was of my great 
interest to keep all the board members satisfied and create a con-
nection between the CME students of this year and the board. Due 
to the arduous work of all the three-board member's, this goal has 
been relatively accomplished as by the end of the year; more people 
were involved with of CoUrsE! as compared to the beginning. The 
board's online presence improved with more social media activity 
with platforms like LinkedIn and Instagram coming into the mix. We 
also started to reach to other associations, student teams and new 
sponsors and developed a stronger relationship with the academic 
department with the launch of programs like Inloopuur, a free hour 
to talk with faculty without an appointment.  

I started the board year with no guidelines to follow and utterly clu-
eless of the way the university life works in the Netherlands. To lead 
a team of highly enthusiastic people was an experience. The board 
year made me understand the Dutch work culture and made me 

work on my shortcomings as a person. With the pressure to 
perform equally well as my fellow board members, I strived to make 
the association better and be a representative in front of the very 
talented fellow chairpersons of the associate boards in the Built 
Environment. 

My board experience can be characterised by rollercoaster ride of 
stress and fun. One of the exciting moments that I had in the board 
was the day when I had to empty a hell lot of expired beers into 
the drain after the board's first blokborrel to exchange those empty 
bottles for some extra cash. Furthermore, the experience of being 
a non-drinker with all the Dutch people who loved beers, especially 
during blokborrels and the Pubcrawl with study association SER-
VICE was a fun experience. Overall, this has been a hell of a joyride. 

A year to remember!

16th  board of CoUrsE! OF COURSE! STORIES
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Stan Bouwens 
My name is Stan Bouwens, I'm 23 years old, and I'm from Vinkel (a 
small town near ̀ s-Hertogenbosch). I did my bachelor in Built Environ-
ment on the Avans University of Applied Sciences. Subsequently, I 
finished my premaster CME without delay, but I took a semester off 
anyway. During this break, I oriented on my master and decided what 
I wanted to do in the upcoming year. 

One of my plans was to join the board of-of CoUrsE!. At first, I wanted 
to be a secretary. Due to staff shortages at the start, I became the 
treasurer and Commissioner of PR.

I had a couple of personal goals during my board year. The first one 
was learning to account finances. Before doing my board year, I had 
only limited experience in finances, and these skills were indeed not on 
a professional level. By being the treasurer, I got to know how to run 
bookkeeping. The second goal was to improve my communicational 
skills by being responsible for all external relations of the study asso-
ciation. I had some prior experience dealing with companies in the 
AEC sector, so that did help, but I realised that there was still a lot to 
learn. My third, and the most important, goal was to improve my social 
network within the TU/e by joining the board. By joining the board, I 
could plan activities which were also beneficial to me. For example, 
the quarterly blokborrel was one of my ideas.

The main benefits of joining the board of-of CoUrsE! for me was an 
improvement in my professional skills, and it was an excellent addition 
to my CV. In addition to my professional skills, my social skills also got 
better during the year. Being on the board requires you to practise 
skills you usually wouldn't do. At last, my professional network got 
more prominent than I could ever imagine. I now have many new con-
tacts within companies I did not even know existed. It also expanded 
my view of the field I'll be working in when I graduate.

My fun experience during the board was mainly during drinks. I loved 
organising drinks and being able to invite my fellow study compani-
ons. Also, I was able to establish an Activity Committee, and every 
Wednesday morning, we had a cosy coffee hour to discuss upcoming 
activities and divide tasks of activities.

Overall, I would recommend to everybody to join the board if you want 
to increase your extracurricular activities and mainly to have fun by 
organising events you like.

Amanda Feng
My name is Amanda Feng. I am 24 years old, and I am from Yi-
chang, China. I did my bachelor's study in Cost Engineering, and 
now I am in my second year studying CME at TU/e.

I was the Commissioner of education and marketing within the 
16th board of the study association of CoUrsE!. During the first 
year of my master study, I attended various activities that were held 
by of CoUrsE!. This helped me a lot since it was hard for me to get 
started in the university. I also joined the committee of the Stock-
holm study trip. These all made me realise that besides studies, it is 
also essential to do some social work to improve myself and joining 
the board seemed the right way.

My main goal during the board year was to keep track of and help 
to improve the quality of education within CME. Besides that, I also 
aimed to make the website and social media accounts active. In 
general, I believe the two goals have been achieved. 

The benefits I see with becoming a board member are: first of all, 
your professional skills are improved; second, you learn how to 
cooperate with other team members; last but not least, this expe-
rience is a highlight on your CV. The fun experience I had was that 
I had a lot of chances of having fun with other board members and 
active members and met new people and even made new friends. 

In general, this is a great journey, and I am proud of what we have 
achieved. I would recommend all CME students to join in our ac-
tivities and to take the challenge as a board member, and most 
importantly, to have a lot of fun!
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At the beginning of the new academic year, walk with us down the memory lane to see the events organised by the 16th 
board of-of CoUrsE! and its talented activity committee members and  partners. To get a hint of what is in store for you, 
visit our website, subscribe to our newsletter or follow us on social media platforms: LinkedIn, Facebook and Instagram. 

Bouwkunde bedrijvendagen Career Event 
13 November 2018

The Bouwkunde Bedrijvendagen provided students with insight into 
their future career opportunities and the opportunity to get acquainted 
with the practice. During this event, both bachelor and master stu-
dents directly and informally acquainted themselves with companies 
in the building sector. The 16th board of-of CoUrsE! interacted with 
students and companies to strengthen their goal to create a network 
for students so that they can easily contact the companies they are 
interested in.

Lunch lecture Brink
19 November 2018

Brink Management / Advies gave a lunch lecture answering the ques-
tions and made students aware of the challenges and opportunities 
they will get in the world of construction, management and enginee-
ring discussing the role of a project manager in the preliminary phases 
of construction with a focus on building permits, stakeholder manage-
ment, contracts and tenders.

In-house day Brink 
6 December 2018
Our partner Brink Management / Advies arranged an in-house 
day at their office in the Groothandelsgebouw in Rotterdam. 
The participants got a chance to participate in the projects re-
alised by the company. They got a chance to ask the people 
working at the company about their passion and work in Brink.

General Members Meeting
10 December 2018

On Monday, 10th of December, the 16th board of-of CoUrsE! was 
instated officially during the General Members Meeting (GMM). The 
event began with a pizza party. It was followed by the signing of the 
chamber of commerce papers and question rounds where the aim of 
the new board was discussed. The event ended with gifting the old 
board for their contribution to the association and a group photo.

Glowgolf and Drinks  
10 January 2019

Of CoUrsE! organised a fun activity for the students of Built Environ-
ment. The students went to Glowgolf Eindhoven and played golf in 
the dark. It was succeeded by drinks and a game of pool and ended 
with a game at the bowling arena. It was a night of fun. 

CME Blokborrel Quartile 2 
30 January 2019

To celebrate the end of the second quartile, of CoUrsE! organised 
a drink for premaster and master students of CME. The blokborrel 
took place in the Skybar! Underground in Vertigo, TU/e. Of Cour-
se! sponsored 100 beers for free. The students from Built environ-
menttalked, relaxed and had a lot of fun together.

NEWS & ANNOUNCEMENTS ALL SEASON
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Lunch Lecture BAM
13 February 2019

On time and budget is the norm, for even the most complex pro-
jects. Everyone performs at a higher level when they can review, 
communicate, and cooperate in a digital and interactive visual en-
vironment. To understand this concept, of CoUrsE! in association 
with BAM, organised a lunch lecture on the use of BIM 4D in sche-
duling and operations on 13 February 2019, at Vertigo, TU Eindho-
ven. The lecture focused on 4D planning using BIM and answered 
questions about the disciplines involved, information exchange and 
data validation using a case study about Zalmhaven. The event 
started with a lunch lecture and proceeded  with a  lunch. It ended 
with a round of questions and a bottle of wine to the guests as a 
memento expressing gratitude from the study association. 

Bachelors meets Masters Drink 
27 Feb 2018

Of CoUrsE! along with other associations organised Bachelors 
meets Master Drink to introduce bachelor students of Built Environ-
ment with the master track MSc. Construction Management and 
Engineering and the study association of CoUrsE!
 
Pub Crawl 2019  
21 March 2019

Of CoUrsE! organised a pub crawl with study association SER-
VICE. We visited five bars during this pub crawl: Thornbridge, Tap-
perij ‘t Veulen, Cafe Zomers & Zomers, Café Lalalaa and at last the 
Cafe Zomers & Zomers again. The pub crawl of 2019 was a great 
success. With 33 students joining us of both CME and USRE, we 
had a fantastic night and a lot of fun.

Project excursion Fenixloodsen 
5 April 2019 

On April, of CoUrsE!, with study association, Mollier and partner 
Heijmans, visited redevelopment project of Fenixloodsen in Rotter-
dam. The excursion started with the introduction of the company 
Heijmans and was followed by a tour by the construction manager 
of the site. Students were taught about various construction 

practices used on the site for the project. The event ended with 
drinks and a discussion between the students and the company 
representative from Heijmans.

CME Blokborrel Quartile 3 
18 April 2019

To let the steam of after a difficult quartile, of CoUrsE! organised 
this event at O’Sheas Irish Pub in Eindhoven city centre. We had 
a pleasant evening discussing the past quartile in the spring sun 
outside. The icing on the cake was a late evening football match 
with delicious food. 

Built Environment Branch Activities (BEBA)  
30 April 2019

Of CoUrsE! and SERVICE organised an informal activity for ba-
chelor students of the TU/e to get to know more about the field 
of real estate and construction management with the help of our 
partner Aveco de Bondt, who gave a lecture and a company tour 
to the bachelor students.

Inloopuur
2 May to 20 June 2019
To establish a link between the professors and students, of CoUr-
sE! in association with Prof. Bauke de Vries and Dr Qi Han wel-
comed CME students to the ‘Inloopuur’, a free hour to discuss 
their doubts with the professor about CME and their career plans 
without the need of an appointment.

New Board Info Lunch 
3 May 2019

Of CoUrsE! organised a board info lunch hour to invite people to 
join the next board of of CoUrsE!. The event started with lunch 
and was followed by a talk by Bauke De Vries on graduation op-
portunities for the next academic year. The talk was followed by 
a presentation by the board members of-of CoUrsE! discussing 
the roles of board members and the opportunities associated with 
joining the board for the next academic year. In the end, the event 
concluded with questions from participants about the board func-
tions and activities.
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YER Training Negotiation + Beer Tasting  
14 May 2019

of CoUrsE! in association with YER, organised a workshop on ne-
gotiation skills. The workshop started consisted of activities de-
monstrating values of collaboration, different types of negotiation, 
and the essential aspects of negotiation during a job interview. It 
concluded with a beer tasting event at Café 100 Watts, where we 
had fun learning the techniques of tasting beers, and were introdu-
ced with the history of beers, their types and the culture of beers 
in the Netherlands.

Sexy Sectie Party: Sing-A-Long Special  
11th of June

Study associations of built environment came together to organise 
a karaoke bar night for all the built environment students at Villa 
Karaoke. It was a fun night filled with drinks and music.

Business Course Witteveen+Bos 
12 June 2019

During  the Witteveen + Bos business course (in-house day), CME 
students got a chance to work in a multidisciplinary team on a 
variety of projects at the company under the guidance of an ex-
pert working there. It offered an excellent opportunity to experience 
the feeling of working at the engineering firm while working on a 
complex project in Rotterdam. The event ended with a dinner and 
drinks.

Closing Dinner
21 June 2019 

Of CoUrsE!  had the closing dinner with its active members in the 
Sopranos near the train station, and the food was delicious. Also, 
we had some drinks afterwards in the city centre. 

Legendary BBQ
5 July

To end the year with a blast, the 16th board of-of CoUrsE! held its 
annual BBQ where CME students, alumni and professors came to-
gether to eat and drink and have fun at Café Bommel in Eindhoven 
city centre. People enjoyed the delicious food having a variety of 
meat and vegetarian delicacies. The 16th board signed off conclu-
ding the year with a blast and introduced the participants to the 17th 
board of-of  CoUrsE!
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Hej Hej! My name is Bas Pannekoek, and last 
semester, I studied as an utbytesstudent 
(exchange student) at KTH (Kungliga 
Tekniska Högskolan) in Stockholm, Sweden. 

KTH Royal Institute of Technology is one of Europe’s 
leading technical and engineering universities, and it 
is Sweden’s largest technical research and learning 
institution and home to students, researchers and faculty 
from around the world. In this article, I am going to tell 
you something about my time abroad in Stockholm. 

Stockholm is probably not the first place you think off if 
you want to go on an exchange (especially if you want 
to go somewhere warm and outside Europe) since your 
first thought about Sweden would be cold and dark 
winters. But I have always wanted to visit Scandinavia 
and doing an exchange semester during my masters at 
TU/e was the perfect opportunity to do it, so the choice 
to do an exchange at KTH in Stockholm, the capital of 

Scandinavia, was natural. Besides 
that, Sweden is considered to be one 
of the most technologically innovative 
countries in the world and Stock-
holm is consistently ranked as one 
of the world’s most entrepreneurial, 
innovative and attractive cities. Now, 
after living for five months in Stock-
holm, I can conclude that Stockholm 
is indeed cold and dark during the 
winters. However, with the rising sun, 
the city comes to life. Everybody 
leaves their houses and tries to catch 
some sunlight.  In the middle of the 
spring, the city is entirely different. 
It is bright, green, sunny and with 
lesser rain than in the Netherlands. 

EXCHANGE - SWEDEN
BAS PANNEKOEK

Stockholm - Gamla Stan (Riddarholmen) by night

Stockholm is consistently 
ranked as one of the world’s 
most entrepreneurial, innova-
tive and attractive cities.
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The Stockholm archipelago (skärgården) 
counts around 30.000 islands, and alt-
hough the city of Stockholm is spread 
across 14 islands, it is still compact. It is 
easy to get around in the city by public 
transport, i.e. bus, tram, train, metro, fer-
ry etc. Stockholm has got it all. A common 
alternative to public transport for shorter 
distances on sunny days is the electric step 
scooter provided by different companies. In 
my opinion, Stockholm is not an ideal city 
to commute by bicycle, however, during 
spring and summer, the number of cyclists 
grows, and they all seem to wear a Hövding 
which is an airbag for urban cyclists.   

During my stay in Stockholm, I studied at 
KTH. At KTH, I followed courses in cor-
porate finance, construction management 
and urban economics and learnt cost-be-
nefit analysis at the department of the built 
environment. Besides following these cour-
ses, I also took a Swedish language cour-
se. During this language course, I learned 
that it is really easy to say hello and good-
bye in Sweden with just ‘hej’ or ‘hej hej’, 
and with ‘tack’ which means both please 
and thank you. It takes minimal effort to be 
friendly and polite in Sweden. In Stockholm, 
I lived on the KTH campus, together with 
many other exchange students from all 
over the world. The campus of KTH is lo-
cated in the northeast of the city, and from 
there it is only a six-minute Tbana (metro) 
ride to the city centre or just twenty minutes 
of walking. So I lived in a central location in 
Stockholm close to all entertainment.       

In my five months stay in Stockholm, I have 
tried to integrate into the Swedish lifestyle, 
and I have learned that one of the most im-
portant things that contribute to the good 
living conditions in Sweden is ‘fika’. Fika is 
a short coffee break during the day whe-
re you take some time to enjoy a cup of 
coffee which you mostly combine with a 
sweet such as a kanelbulle, kardemum-
mabulle, chokladkaka or semla. Integrating 
into Swedish society also means preparing 
lunchboxes from leftovers of the dinner you 
had the night before and warming them up 
in one of the many microwaves that the uni-
versity provides. But living in Sweden also 
means buying your alcohol (if it’s over 3,5% 
ABV) at the state-owned company System-
bolaget who has a monopoly on selling al-
cohol. Because alcohol is sold only at one 
store, it sometimes requires some planning 

since Systemet closes early on Saturday af-
ternoons and remains closed on Sundays. 
But if you are okay with having folköl (a 2% 
beer), you can get it in almost any regular 
store. Don’t be surprised that when you or-
der a beer in one of the many bars or pubs 
in Stockholm, the beer will be expensive 
since prices range from €4,- for a beer at 
after work drinks up till €11,- for a crafted 
beer. 

I have enjoyed my stay in Stockholm and 
life in Sweden to the fullest. I was able to 
meet a lot of new and exciting people from 
all over the world. I have experienced the 
Swedish dark and cold winters but also 
the Swedish spring with bright and sunny 
days. Since my time in Sweden, I have be-
gun to appreciate the sun more and more 
because it wasn’t always present during 
my stay in Stockholm. Besides Sweden, I 
have been able to travel to other Scandina-
vian countries and their capitals as well, but 
I have also travelled around Stockholm and 
visited a few of the 30.000 islands in Stock-
holm’s skärgården. The ‘Swedish fika’ is 
something I liked and appreciated during 
my stay in Sweden and is something I try 
to implement in my Dutch lifestyle as well 
since I have learned that the Dutch lifestyle 
is more stressed than the Swedish lifestyle.

For those people who doubt about visi-
ting the capital of Scandinavia, I would say 
doubt no longer and plan your visit since 
Stockholm has it all. The city is scandalou-
sly rich of cultural assets, is relatively less 
crowded, and has a lot of green parks. 
There is water around the entire city, and if 
you want to escape the city, you can take 
the boat to one of the islands in the archi-
pelago.

In my five months stay in Stockholm, I have 
tried to integrate into the Swedish lifestyle, 
and I have learned that one of the most im-
portant things that contribute to the good 
living conditions in Sweden is ‘fika’. 

Stockholm - Gamla Stan (Riddarholmen)

Stockholm - Strandvägen

Bas Pannekoek
Student, 
MSc Construction Management and 
Engineering,
Eindhoven University of Technology 
(TU/e).
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Kawah Ijen, Indonesia

Until the month of January before 
my exchange, I was confident that 
I would not go on an exchange 
because I had a hard time 

convincing myself that I should go on an 
exchange program. This thought changed 
when I visited a friend on his exchange in 
Porto. During those days, the thought came 
in my mind: I had to go on an exchange. 
When I got back from the trip, I immediately 
contacted Henny Houben to undertake 
action. The choice was made pretty quickly: 
National University of Singapore. And a few 
months later, I received the message that I 
got the opportunity. I was going to Singapore.

After that, I started wondering: ‘Do I want to learn profes-
sion-related stuff, the stuff they teach you in the university 
or do I want to learn something outside the university? 
Something about cultures?’ I wanted both, and I found 
both in Singapore.

While there were no stoves 
in our studios, the campus 
did have an infinity pool 
which compensated for the 
absence of stoves. 

PIM LABEE
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Together with Lucas, my man, I did all the 
preparations, and at the end of July, we flew 
to Singapore. We were privileged to stay in 
University Town, better known as U-town. 
U-town is a fantastic part of campus, where 
students reside, both young and old. There 
were the colleges which remind one of the 
American dormitories, with large halls (mess) 
to eat. For the elder exchange students 
like me, U-town also offered apartments in 
which one can stay with three other stu-
dents. So that is where I stayed, together 
with Kfir (Israeli), Viktor (Norwegian) and 
Christian (Danish). There were no stoves 
in our apartments. So every afternoon and 
every night, we ate out. While there were no 
stoves in our studios, the campus did have 
an infinity pool which compensated for the 
absence of stoves.
In Singapore, I had to follow courses to 
replace my free electives from home. The 
courses were somewhat different from 
the courses that I was used to here in the 
Netherlands. It was not just about the cour-
ses which were different, but I guess it was 
the people. Studying in Singapore is not so-
mething one can take for granted. It is a real 
opportunity- a competitive opportunity. Why 
competitive you ask? Well, mainly because 
students are graded according to a bell cur-
ve. So you are not ranked just based on your 
knowledge, but also how your knowledge 
compares to your classmates. 

However, as I said, education was not my 
primary motivation to do an exchange 
abroad, in another continent. I wanted to see 
Asia. And well, Singapore often does not feel 
like Asia. The skyline is full of sky bars which 
are keen on inviting Europeans in and make 
one feel like being on top of the world was 
genuinely stunning. They charged approxi-
mately 24SGD for a beer, which is about 16 
euros, which was one of the reasons that as 
soon as we could, we started to plan trips. 
At the end of my exchange I visited: Langka-
wi (Malaysia); Pulau Tioman (Malaysia); Bro-
mo & Ijen [Java] (Indonesia); Ubud, Canggu 
[Bali] (Indonesia); Kuala Lumpur, Cameron 
Highlands (Malaysia); Seminyak [Bali] (Indo-
nesia); Hanoi, Sapa, Cat Ba (Vietnam); Siem 
Reap, Phnom Penh (Cambodia).

Langkawi was our first trip. I always remem-
ber this trip because when I got back, I was 
struck by intense food poisoning, which 
brought me down for a week with a 40 de-
grees fever. Luckily I have had a comparable 
infection before, so I recognised the symp-
toms and could react quickly by going to the 
hospital. 

Recess (holiday) week promised to be 
more successful. A week before recess, 
we visited the Grand Prix of Singapore, 
and of course, we cheered for our very 
own Max Verstappen.

I have never really been a grand prix fan, 
but the festivities, performances of Dua 
Lipa and Martin Garrix, and the sounds 
of roaring engines were something else. 
And then, of course, there was this fan-
tastic unique city track. During the re-
cess week, I joined the NUS Dive Trip to 
Pulau Tioman (Malaysia) to do my PADI 
Open Water Diver-course. That was truly 
astounding. Together with some friends, 
Christian, Lorraine (Swiss), Kfir and An-
ders (Nor.), who also were on the diving 
trip, we made plans to visit Indonesia after 
returning from the diving trip. 

The trip was planned diligently. We plan-
ned to start with the most challenging 
parts and then would step down towards 
a more relaxing part. In other words, we 
planned to begin with two-night hikes, af-
ter which we would catch our breath in the 
magical Ubud with some tea, after which 
we would even chill down more at the 
beaches of Canggu. To do this, we had 
around 12 days. We started at Surabaya 
(Java) to travel towards Mt. Bromo. We 
began to climb this mountain at 03:00h to 
see the sunrise. The weather was good, 
and the view we saw was genuinely stun-
ning. Probably it was the most magical 
thing I’ve ever seen. After this climb, we 
were exhausted! But that was not all, we 
travelled down the mountain on the back 
of motorcycles with the locals, to visit the 
volcano, we just had seen from the top 
above. After this hike, we were going to 
take the train to Banyuangi, the village 
closest to our next hike: Kawah Ijen. We 
decided against this hike initially, because 
we were so exhausted. Eventually, after 
some discussion, we decided we would 
go on this hike as well. And without re-
grets, we again got up at 02:00 h to begin 
the hike. It was cold, we were tired, and 
our clothes were still dusty from the hike 
from the previous night. But the die-hard 
hikers we were, we started climbing this 
volcano. The climb was long and tiring, 
but to see blue fire, we needed to climb 
up the volcano, and then descend into the 
crater. During this drop, we came in touch 
with locals who were not wearing any gas 
masks, or shoes, and were carrying about 
20kg of Sulphur on their backs. This was 
the emotional and demanding part of the 

climb. These people were making a few 
euros a day doing such heavy work. The 
gas in the volcano was burning our eyes, 
but the view of the lake in the crater was 
stunning. When we had seen the blue fire, 
our climb back up to the edge of the vol-
cano began. 

To see the sunrise again from the top of 
the volcano, we had to ascend with haste. 
Luckily, we left in time to see the stunning 
view again. After this hike, we had some 
sleep in our hostel. The people in the hos-
tel were the kindest. After we had some 
rest, two of our friends left for Singapore 
again due for mid-term exams. Kfir, Chris-
tian and I took the ferry to Bali and went 
to Ubud. Here we visited the beautiful rice 
terraces and the magical temples. After 
this, Christian left for Singapore.  Kfir and 
I took a taxi to Canggu to spend our final 
days of recess on the beach, surfing and 
enjoying a cold beer. 

It is hard to express the experiences which 
an exchange bring. It’s hard to express 
in words, and it is even hard to show it 
in pictures. It is something one must ex-
perience themselves to understand the 
meaning of exchange truly. I made new 
friends, came across different cultures, 
and discovered stunning places that I did 
not know exist in the world. If you are still 
in doubt of doing an exchange, please do 
not doubt any longer. Wherever you will 
go, I promise you that you will have a 
fantastic time.

Studying in Singapore is not 
something one can take for granted. 
It is a real opportunity- a competitive 
opportunity.

Pim Labee
Student,
MSc Construction Management and 
Engineering,
Eindhoven University of Technology 
(TU/e).
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Why did you choose to study at TU Eindhoven?
At a given moment in life, every student must pass courses 
and accumulate enough credits to actually graduate from their 
bachelor. I have been there, as well. In the summer of 2014, I 
graduated from the bachelor program in the built environment of 
Hogeschool, Rotterdam. During that time, there were not many 
events or study associations like at the TU, and most of the 
students didn’t live in student houses. So, for my master study in 
Construction Management and Engineering, I moved from a small 
town called Barendrecht to a student house in Eindhoven, which 
allowed me to enjoy the student life to its fullest. I participated in 
some committees and many events, including study trips abroad. 

You joined, of CoUrsE! in the 13th board. What did you gain 
from that personally and professionally?
I was in the 13th board of CoUrsE! as Commissioner of Activities 
and I also participated in the !ntervisiE magazine committee 
of 2015. I got the opportunity to network with students and 
professionals in the industry. I obtained advice from the students 
in the year before me, and I found out about the company where I 
did my graduate research project. Thereby I came in contact with 
companies such as BAM, where I work now. 

How did you choose your master thesis project?
During the master program, I learned more about Building 
Information Modelling (BIM) and Systems Engineering (SE), 
in which I had already gained some experience as a working 
student at 2ndSense. I was enthusiastic about finding out what 
BIM was and what role it plays in real life. I found out quickly that 
BIM is used to improve collaboration and information transfer 
between the domain experts involved in a project. To know 
where the improvement can be made, you need an overview of 
the entire process and which activities and decisions are made. 
Unfortunately, this is not structurally monitored within the building 
industry. I read a lot about developments and problems in BIM 
and also about process mining. Therefore, I chose to do my 
master thesis about the discovery of bottlenecks within the BIM 
design process by using process mining.

Could you tell us what is process mining, and how did you 
use it within your thesis project?
Process Mining is a process analysis method that aims to 
discover, monitor and improve real processes by extracting 
knowledge efficiently from available event logs (set of traces 
containing all activities executed for a particular process instance) 
in the systems of current information of an organisation. In this 
way, processes can be analysed and improved, which leads to 
cost reduction within a building project.

The expert interviews (which I performed for my research) have 
shown that the monitoring systems within the building industry are 
based on handwritten notes and hand-made process models. 
These process models tend to provide an idealised view of the 
business processes. Often this has little in common with the real 
processes that have much more variability.
Although it is recognised that monitoring is essential, it is rarely 
performed well, and it is now still a time-consuming, costly activity 
and prone to errors. In theory, this could be solved by applying 
process mining techniques to record design activities and exploit 
this data in a meaningful way to manage BIM processes. 
To use process mining, I needed data for my research to 
eventually analyse the processes. So a pilot case was carried out 
consisting of a program of requirements. The required system 
was a schematic design of a school building, and eight users 

Of CoUrsE! asked a few questions to one of the board alumni, Claudia van der Graaf, about her journey from the first 
day at TU/e to the present day in her working life and how the CME master study and association helped her in the study 
and work choices she has made in the meantime.

Moving from the west to the south (Eindhoven) to Breda and back to 
the west. All to get my diploma!

HOW ARE YOU DOING?

Figure 1. Process Mining @PedroRobledoBPM

CLAUDIA VAN DER GRAAF 
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performed the case. For this case, I developed an add-in which 
could track all design activities of the user. An add-in is a device 
or piece of software that can be added to a computer to give 
extra features or functions. Finally, five datasets were obtained, 
and the data were used in the developed visualisation tool. For 
the tool development, I used the programming languages C# 
and Python. The tool consists of three parts, namely inserting 
the user’s data gained by the case, a 3D visualisation (see figure 
2) and a process model visualisation.  

In the 3D viewer, the model could be seen that the user 
created in the case. Herein the building elements are shown 
which are modified in the design process. The green coloured 
elements are the least modified, the orange coloured elements 
are moderately modified, and the red coloured elements are 
the most modified. Therefore, the history data of the modified 
elements could be viewed. Furthermore, the tool offers the 
functionality to visualise the process models. The users’ data 
from the case, the rules for process mining and the “myInvenio” 
process mining tool were used.

Finally, it can be said that from my research, it becomes clear that 
process mining could be effectively applied to map all design 
activities and interactions between design disciplines. Then 
such maps could be used to analyse bottlenecks in the design 
process. Such analysis can also reveal patterns in processes 
and, when, what is done by which person at what time. Thus, 
process mining enables us to reveal more intermediate steps 
in the design process and so this process will become more 
transparent for all project members instead of solely getting 
insight into end products. 

Where did you do your master thesis, and how was your 
experience during the graduation period?
I graduated at Neanex in Antwerp which provides collaboration 
software for all AECO professionals (architects, engineers, 
contractors and owners) in the construction industry to improve 
project information, communication and workflow management 
throughout the entire project cycle. 

That’s why I moved to another cosy student home with three 
other girls in Breda to minimalise my travelling time. Breda 
turned out to be very handy because it was in between my 
parents, the university and my graduation company in Antwerp. 
The possibility to stay in touch with my friends in Eindhoven and 
my family appeared to be very helpful during my graduation. It 
distracted me well enough from my tedious graduation thoughts 
during the evenings so that I could start fresh the next morning.

How was your experience during the final presentation of 
your master thesis?
On 18 October 2017, I had my final graduation presentation, and 
I had practised a lot at home. My housemates gave me advice 
about the final presentation. Still, I was super nervous because I 
wanted to do well and finish my graduation with a good feeling. In 
the end, it worked out well, and my thesis was graded with an 8.

How did you decide that you want to work with BAM?
While graduating, I had several job interviews with interesting 
companies. During the interviews  I found that having diversity 
in my daily activities and working in an innovative company was 
important to me. During a presentation about BIM in one of 
the events by ofCoUrsE!, BAM showed the software they used 
(Solibri). They discussed the importance of innovation within their 
company. For instance, BAM’s investment in Virtual Reality (VR) 
and Augmented Reality (AR) applications – in combination with 
the effort of wearables glasses (like Oculus and HoloLen) – to add 
value in their production process. It finally became quickly clear 
to me that BAM had all the things where I was looking for. After 
my graduation, I started working at BAM as a BIM Engineer from 
November 2017.

What do you do at BAM?
Now, I work full time as a BIM Engineer, which is also really in 
line with my graduation research as the focus is on improving 
processes. Thereby, I do BIM coordination activities for the 
Zalmhaven Tower in Rotterdam; the highest tower in the 
Netherlands! Also, I get many opportunities in fields where I am 
interested in, so I do much different stuff. Examples are organising 
lunch lectures and attending interesting business events. These 
events keep my work even more diverse. 

To conclude, what advice can you give to the students?
A good tip for the students who are working on their research 
proposal is to read old master students’ thesis to gain more 
insight into problems in the construction sector and which 
approaches have been used for this. There are always unsolved 
issues in graduation research that you can build on. I also advise 
students to join activities or take part in a committee that they like 
because they will get to know many people who have a similar 
interest. Such opportunities are beneficial and handy for private 
and professional connections. 

Figure 2. Graphical user interface of the ‘3D Viewer’ tab.

Figure 3. 3D model viewed with the HoloLens

Claudia van der Graaf
CME Alumni



page 16

The experience of just coming out of university can be a very 
daunting one. A traveller with some practical guides in his 
backpack, a few tools but with neither experience nor a proper 
idea of what is out there. So where do you start? Where do you 
go? And why do you go there? How do you get there and which 
steps need to be taken? 

Questions like these are the ones to be taken seriously, especially 
when starting. I was looking for a place which could answer 
these questions and where I can grow towards an invaluable 
professional. A place where I could discover new fields, but still 
while having a typical job. That’s how I ended up working at 
PACER. The result? My questions translated into clearly defined 
goals, and my goals transformed into a self-development plan. 
This plan is currently in execution while I’m working as a Systems 
Engineer at Boskalis Offshore Energy, working with the newest 
tools and practices as a consultant, supplemented with courses 
to broaden my perspective in my field of work. 

A bit more background 
I started my bachelor at the Zuyd Hogeschool in Heerlen, where 
I studied Architecture and Building Engineering. The reason: I just 
like building stuff. Since I finished it rather young (I was 20 when I 
graduated from there), I felt it was too early for me to start working. 
That’s when I started looking around 
and found the CME master program in 
Eindhoven, for which I applied almost 
immediately. While the level of the pre-
master was quite steep, the rest of the 
master went quite smoothly, and I had 
great fun. Especially when I joined the 
board of - of CoUrsE! as a treasurer. 
Together with six other like-minded and 
enthusiastic people, we managed to run 
a great year full of activities, partnerships 
and the largest and the most extensive 
CME Company Orientation Day to 
this date. The organisational and 
communicative skills I developed then 
are invaluable. 

After my graduation in February 2018, 
I started working for PACER which 
is a Consultancy firm in Technical 
Management / Systems Engineering, 
Project Control and Risk Management, 

Procurement and Contract Management, Stakeholder 
Management and Project and Innovation Management. Our 
clients and projects vary greatly, from the civil engineering, energy 
sectors to the offshore industry, both at client and contractor 
sides. In the last year, I have already worked as a consultant for 
managing customer requirements in several tenders for wind 
farms, as a work preparator for the project ‘Zeesluis IJmuiden’, 
and currently as a Systems Engineer at the Boskalis Offshore 
Energy department. 

My current project 
In my current project,  I assist in the Long Term Agreement between 
Boskalis and Saudi Aramco as a Systems Engineer. Known by the 
Dutch as a ‘raamcontract’,  we are allowed (and obliged) to tender 
for offshore projects in the Persian Gulf. The current challenge 
here is the massive scale of the contracts and scopes, the high 
speed of wrapping up tenders and the unfamiliarity of Systems 
Engineering in the offshore industry. Currently, I’m managing our 
customer requirements and putting the relevant processes in 
place to further set-up the project organisation and to build on 
our road towards success. The project team is very diverse, and 
it is great fun to work them.
 

“Say what you’ll do and do what you say.” 

HOW ARE YOU DOING?

Figure 1. Zeesluis IJmuiden

 PACER
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Figure 1. Zeesluis IJmuiden

My 80/20 week 
At PACER, we work on our projects four days per week. The 
5th day my PACER colleagues and I work on our personal 
development through courses, developing new business cases, 
information and experience exchange, and workshops given by 
our consultants. The chance of personal development allows 
me to increase my expertise and be ready for the following 
week. My current experience so far with having a development 
plan is positive, as it provides for receiving feedback, moments 
of reflection, and tracking and measuring your progress of 
reaching your goals.
 
While executing my development plan, I found that it is much 
easier to communicate with other disciplines within project 
teams and notice and fill the gaps that are otherwise left to be 
forgotten or ignored. In addition to that, because I can tap into 
the experience of my colleagues, I feel I can advise my project 
team as a real expert and tie the knots together between all 
disciplines within our project team. I feel very focused and 
determined to reach my goals. 

 I recommend to join the board (or a committee) and run it together 
like real project managers. The result is gratifying and satisfying, 
and the skills you gain are invaluable in your future career. Also, 
if you are going to complete your graduation soon, try to find 
a company with a vision that aligns to yours. Undoubtedly, you 
will find like-minded colleagues to share your experiences with 
(and theirs with you) and not to forget: have plenty of fun while 
working.

Figure 2. My start at PACER: inhousedag 2017

Guido Pörteners
Systems Engineer,
Boskalis Offshore Energy 
Department 
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Dear readers,

I am very excited and honoured to be part of the 17th board of-
of CoUrsE! For the 2019-20 academic year. Thanks to the 16th 
board, an enthusiastic team has been gathered together to deliver 
the best we can for the students.  We have been planning our 
mission for the coming academic year to furnish the most fruitful 
experience for students together with our partners and academic 
staff of the Built Environment department. Stay tuned and follow us 
on our social media channels. 

Below is the list of our board members for the 2019-20 year:

We are looking forward to the incredible journey with you. 

Ramin Khoshnevis
Chairperson,
17th board, of CoUrsE! 

17TH BOARD OF - OF COURSE!
With this new academic year, of CoUrsE! is ready to thrill with the new board members. 
The chairperson Ramin Khoshnevis has a special message for the readers.

Ramin Khoshnevis,
Chairperson

Jianli Zhai,
Commissioner of Education

Stijn van den Nouweland,
Secretary

Selahattin Dulgers,
Commissioner of Activities 
and Study Trip

Rob Peters
Commissioner of Public Relations

Thijs Schiltmans,
Treasurer
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The rise of new digital industrial technology, known as Industry 4.0, 
is a transformation that makes it possible to gather and analyse 
data across machines, enabling faster, more flexible, and more 
efficient processes to create intricate designs and products (“3 
Ways Virtual Reality in Construction is Shaping the Industry,” n.d.) 
In the AECO (architectural, engineering, construction and facility 
operations) industry, it is called Construction 4.0.

The construction industry is discovering the benefits of tools like 
data analytics and artificial intelligence. Hence, Construction 4.0 
is about to conquer the world of Building Information Modelling 
(BIM) and is underpinned by cross-industry trust and collaboration. 
It started with the researchers who were involved in exploring the 
possibilities of Construction 4.0. They investigated how digital 
and computational technologies such as artificial intelligence 
and cloud computing, digital twins, machine learning, big data 
and data analytics, robotics, blockchain, simulation, virtual and 
augmented reality, BIM, data standards and interoperability, vertical 
and horizontal supply integration, and the Internet of things lend 
themselves to applications in building practice. Furthermore, since 
the fourth industrial revolution, driven by digitisation, the goal to 
achieve a sustainable environment and a circular economy has 
risen. Moreover, disaster resilience practices in the built environment 
have also been affected by this revolution.

New construction technology is rapidly shifting the way construction 
is done, from apps on mobile devices to laser scanning and drone 
photogrammetry. (“3 Ways Virtual Reality in Construction is Shaping 
the Industry,” n.d.) On the one hand, technological advances in 
big data and artificial intelligence are having a significant impact on 
building processes. On the other hand, 3D printing of concrete or 
steel has enabled the autonomous building of houses. The set-up 
is still small-scale but is growing towards large housing projects. In 
2018, Eindhoven University of Technology announced plans to 3D 
print a series of concrete houses. 
Virtual Reality (VR) is another modern technology that is changing 
the construction industry by solving old problems. Virtual reality in 
construction is the next level in 3D modelling. Like 3D modelling, it 
involves a detailed virtual model of the project. Unlike 3D modelling, 
it places the user directly inside the virtual environment, so that 
the user experiences a full immersion into the virtual space. Few 
construction sites have entirely escaped the onward march of 
technology, but many companies have embraced it, and are 
reaping substantial rewards.

Behind the scenes of the world’s leading engineering and 
construction companies, a profound digital transformation is now 
underway. The prize for companies is an incredibly special one – the 
prospect of achieving significant revenue gains while simultaneously 
reducing costs. Companies are digitising essential functions within 
their internal vertical value chain, as well as with their horizontal 
partners along the supply chain. They are enhancing their product 
portfolio with digital functionalities and introducing innovative, data-
based services. The rate of adoption of Industry 4.0 technologies 
by engineering and construction companies is accelerating fast. 
The digitisation, integration and automation opportunities offered 
by these technologies allow for a step change in productivity as well 
as design and quality (“Industry 4.0: Building the digital enterprise 
– Engineering &amp; Construction - PwC,” n.d.). Hence the theme 
of this year’s !ntervisiE is Construction 4.0, which underlies the 
impact of fourth technological revolution, Industry 4.0 on the AECO 
industry.

References
• 3 Ways Virtual Reality in Construction Is Shaping the Industry. 
(N.D.). Retrieved June 30, 2019, from https://connect.bim360.auto-
desk.com/virtual-reality-in-construction
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relationship within working environments and smart technologies. 
Results of the study can be used by designers, developers or de-
cision makers to test/guide the project feasibility and select the 
optimal combination of behaviour to provide user satisfaction by 
creating successful working environments. 

Smart office environ-
ments: Behavioural 
adaptation and user 
satisfaction

New technological possibilities and changing context 
in smart working environments may influence various 
factors and conditions such as changes in the spatial 
and organisational level, users’ behaviour and working 

habits. Previous studies indicate that changes in workplaces have 
various outcomes on users’ relationship and satisfaction with 
the new working environment, which can have both positive and 
negative results. Since the introduction of smart technologies in 
the office environment is relatively new and often technology-
driven, there is limited research on the user aspect. Therefore, 
this research is to explore the behaviour and preferences of office 
users in the new working environments of smart offices to reveal 
the consequences of these influences on users’ satisfaction and 
adaptation. 

Stadhuistoren, the smart office building of Eindhoven Municipa-
lity, will be investigated within this research in a collaboration of 
TU/e, Municipality of Eindhoven and !mpuls B.V. This research will 
contribute to the understanding of user’s behavioural adaptation 
and satisfaction in smart working environments by analysing their 

RESEARCH NEWS ACADEMIA
The construction industry is on the 
cusp of a new industrial age. The fourth 
industrial revolution, or ‘Industry 4.0’, 
sees the construction coming in line 
with more digitally developed indus-
tries which is in line with the desire to 
live in cities that are sustainable, healt-
hy, happy and productive places for 
people.  With the advent of continually 
changing information and technologi-
cal advances, the construction indus-
try is becoming increasingly complex 
in recent years. Integrated solutions to 
architectural and urban planning and 
design challenges, such as the de-
velopment of smart cities, need to be 
assessed from multiple perspectives.  
With this thought in mind, let us look at 
some research projects that have been 
going on in our academic department 
to achieve a sustainable and technolo-
gically advanced environment to live in.

Figure 1. Stadhuistoren Smart Office Building, Municipality of Eindhoven, 
https://surf.verdus.nl/user-satisfaction-in-smart-environments

Doctoral Candidate: Deniz 
Tuzcuoglu
Supervisors/Professors: 
Bauke de Vries (Supervisor), 
Dujuan Yang (co-supervisor)
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Design of a Circularity label for 
the Built Environment 
Circular Economies has been recently a hot topic mainstreamed 
worldwide to tackle most of the challenges regarding environmen-
tal issues, reuse of materials, recycling, waste management, rene-
wable technologies and others. Bringing this concept to the Built 
Environment, there are a few attributes that can be investigated 
to evaluate how circular is the economy of a dwelling, a neigh-
bourhood or a district. In this research, six attributes were chosen 
to be analysed: Materials, Energy, Water consumption, Health & 
Wellbeing, Human Culture & Society and Biodiversity.

The objective of this project is to create an overall Circularity indi-
cator - simplified as a label - using those attributes. This interest 
is shared by the Built Environment department of TU/e and by a 
Dutch company named De Twee Snoeken (DTS). TU/e expects a 
summary of such indicator based on published studies, bringing 
other ideas on how to evaluate Circularity scientifically.  DTS ex-
pects that this evaluation can be easily understandable by a com-
mon (non-expert) citizen.

Within the scope, the definition of the most critical attributes that 
composes the circularity index, evaluating scientific researches 
around these attributes must be laid. The proposition is a frame-
work that can be integrated into DTS’ software for modelling and 
classifying circularity.

Urban data engineering using 
Semantic Web technologies to 
support Autonomous Vehicles
This research aims to identify technologies and methodologies 
and develop semantic linked data model, together with required 
ontologies, of an urban traffic infrastructure, which would be CAV 
(Connected autonomous vehicle) and network friendly. Therefore, 
the proposed research has the end goal of providing linked data 
structures(s) based on SWT (Semantic Web Technologies), so that 
they, together with developed methods, can:
 i. Support processing of the shared information, by   
 AI in the most optimal way, using in-vehicle hardware.
 ii. Utilise the network bandwidth most efficiently, while 
  satisfying the first condition for sharing of the needed  
 information.

Primary purpose of using SWT and linked data, would be to pro-
vide machine-readable structured data, describing road’s physical 
characteristics, together with current traffic conditions, so that AI 
in charge of handling autonomous vehicles, could consume this 
information to achieve more optimal calculation of control parame-
ters of the vehicle while using minimal amount of network resour-
ces. To achieve set goals, we will have to answer multiple research 
questions, related to vehicle data streams, limitations and how can 
they be integrated with “static” spatial data, together with how to 
combine all of these with SWT & LOD practices.

BIM-based life-cycle building cir-
cularity optimization
The research aims to provide decision-making support for buil-
ding designers in the aspect of environment. Circular economy, 
which enables resource conservation, carbon emissions reduction 
and waste decrease in construction industry, is analysed at early 
design stage to improve sustainability of buildings. This study pro-
vides an optimization platform that calculates building circularity 
index and evaluates associated environmental impacts like carbon 
emissions and waste.  Based on the results, design optimization is 
also made by the platform. 

Figure 3. Circular economy systems (Ellen MacArthur 
Foundation & Granta, 2015)

Figure 2. Semantic Web Technology to support Autonomous 
Vehicles

Postgraduate Design Engineer: 
Ivando Gondim Lossio Junior
Supervisor: 
Prof. Dr Ir. Bauke de Vries 
Company Advisor: Ir. Aart Wijnen

Doctoral Candidate: Milos Viktorovic
Supervisors: B. de Vries, N. Baken, 
D. Yang
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The work integrates Building Information Modelling (BIM) and 
Life Cycle Assessment (LCA) for creation of the platform.  Using 
LCA as the basis methodology, it builds a theoretical system for 
scientific circularity calculation and assessment while taking BIM 
as the basic tool, it establishes analysis models with function of 
simulation, evaluation and optimization for intuitive calculation 
results and automatic optimization scheme. 

In the future, environmental impacts may become a crucial factor 
in early building design and circular economy may gradually benefit 
construction industry by its environmental advantages. Also, BIM 
may be a basis tool to implement these changes in building design. 

Increasing awareness for cultural 
heritage based on the 3D 
narrative system  
As UNESCO World Heritage Centre defined, cultural heritage is 
legacy of physical artefacts and intangible attributes of a group 
or society that are inherited from past generations, maintained in 
the present and bestowed for the benefit of future generations. 
Recently, many advanced technologies, such as virtual environment 
and narrative platform, have been applied in improving public 
awareness for cultural heritage to preserve historical sites. However, 
these tools have their limitations. These technologies should be 
integrated to have a robust system. Therefore, this study describes 
the need and possible methodology for a new 3D narrative system. 
This system contains 2D maps, 3D city models and narrative 
format. Tourists and locals can use it as a guide to view the cultural 
heritages and view and insert their narratives during their visits. 
Another usage can be before going there and after visiting they can 
share their own experience and stories to others.

On the one hand, they can have a deeper understanding of cultural 
heritage. While on the other hand, they can incorporate their cultural 
heritage narratives for others to explore these historical sites. In this 
way, more people will have an interest in these heritages, and the 
awareness for preserving them will be improved.
design. 

Figure 4. Research framework

Figure 5. Flowchart_3D Narrative System

Doctoral Candidate: Nuo Zhang
Supervisors: B. de Vries, Qi Han

PhD student: Wang Benshuo
Supervisors: Bauke de Vries; 
Gamze Dane
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Who we are.
Team CASA is a Team from the Eindhoven University of Technology 
with the mission to accelerate the energy transition within the 
build environment by bringing innovation and integration to the 
construction world. It does so by bringing together partners from 
both the academic world and business world. Together with these 
partners they designed a first concept: CASA 1.0. CASA does 
not only stand for house, but also for Comfortable, Affordable, 
Sustainable Alternative.

Our Aim
By building a house that is 
sustainable, comfortable 
and affordable Team 
CASA shows the building 
sector that it is possible 
to build sustainably 
with the technologies 
that we currently have 
at our disposal. Often, 
sustainable building is only 
feasible for higher income 

people because of the high 
investment costs. Team 

CASA wants to prove that living sustainably does not have to be 
expensive. 

How do we do it?
Making a building sustainable and affordable, however, is not 
straightforward. Only installing solar panels is not enough. Next to 
that, the energy needs to be stored so that there is power during 
the winter as well. This can be done using batteries, but those are 
very expensive, and the gathering of the raw materials is done in 
a unsustainable manner. Under CASA 1.0, a Seasonal Thermal 
Energy Storage (STES) is installed. This STES is a large, isolated, 
underground water basin in which the energy can be stored in the 
form of heat. This heat is generated during summer and maintained 
throughout the winter. In this way the energy supply is ensured all 
year long. The STES has a much longer lifespan than batteries. 
Moreover, since water is a non-toxic, cheap and abundant material, 
it is much cheaper and safer as storage medium than batteries. 
Because of the STES system, CASA uses 50 times less electricity 
for heating than homes that use a standard heat pump during winter.
Furthermore, the building has a service core, which is a steel 

structure in the center of the building. Since this is the only load-
bearing structure, the foundation of the building can be made without 
the environmentally harming concrete. Next to that, the service core 
ensures that no bearing walls are necessary. This gives incredible 
flexibility for the facade and the inside of the house - everything 
from small student studios to wheelchair-accessible senior housing 
is possible. This means that the functional lifespan of the building 
is increased a lot, as the building can be transformed for other 
purposes. 

The service core, the walls, the floors, but also the installations are 
prefabricated. Because of this, the house can be built very quickly 
- from cleared land to tenants moving in takes just a week or two. 
This helps to save costs on the building site and reduces the amount 
of time the buildings are unused. This limits the amount of errors 
in construction, which reduces costs and the amount of wasted 
materials. Moreover, less personnel is needed for prefabrication, 
which is scarce at this moment. 
Not only will this method make sure the amount of wasted materials 
will be used. Team CASA, by only using the service core as load-
beating part of the house, all the other parts can be taken out freely. 
With the design the team made sure that all the materials can either 
be reused, recycled or biodegradable, enabling the circular economy 
within the build environment.
As the whole design is made in a 3D platform that supports BIM, the 
changes of building mistakes are even smaller, as everything is made 
as built. Furthermore, as the entire material passport is mapped in the 
3D model, it will be clear which materials will become available when 
the building will be deconstructed supporting the circular economy

This is all, of course, a great concept 
and design. However, as we are working 
together closely with partners from the 
construction market itself, the house will 
be built by Hurks after the summer in 
Brandevoort, Helmond as the first house 
in the Brainport Smart District region, 
where it will be bought by Woonbedrijf 
who will rent out the apartments to social 
living prices. 

Figure 1. Team CASA

Figure 3. Mapping materials in 3D model Team CASAFigure 2. Team CASA render

TOWARDS SUSTAINABILITY

Contact us
If you are interested in the team and want to remain up-to-date, 
check the website, www.teamcasa.nl or follow on social media. If 
you have more questions or are interested in joining 
the team, please contact us at 
info@teamcasa.nl. Find us on social media platforms using the key-
words below.
- Facebook/Linkedin: Team CASA
- Instagram: @teamcasa_tue

TEAM CASA

Camiel Mourisse, 
External Affairs,TEAM CASA
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Figure 1. Main life cycle stages and typical in- and outputs considered in LCA

GRADUATION THESIS

The increasing strain on the earth’s finite resources and the natural 
environment over the last half-century has resulted in Life Cycle 
Thinking (LCT) gaining increasing prominence in governmental 
policy around the globe, as well as in the day-to-day operations of 
the private sector. It is well acknowledged that a major contributor 
to current environmental problems is the construction industry. 
The multitude and duration of construction activities are straining 
the limits of the earth’s carrying capacity. It is essential that the 
construction industry adopts a multi-disciplinary approach covering 
several features such as reuse and recycling of materials, improved 
use of materials, emissions control and energy saving to reduce its 
pressure on the natural environment.

LCA currently acts as the construction industry standard method to 
operationalise LCT (Figure 1). It is globally recognised as the 

de-facto framework for assessing the potential environmental 
impacts of buildings throughout their life cycle. The focus in buildings 
LCA research has generally been energy efficiency and associated 
emissions of the use phase, which led to intensive research and 
development in the area of energy efficient operation of buildings. 
However, the increase of energy efficient appliances and equipment, 
along with regulations on the energy performance of buildings, 
has significantly reduced the energy demand for operation and as 
such less environmental benefits can be realised with only energy 
savings during the operational phase of the building. Systematic 
analysis, as well as optimisation of the embodied lifecycle-related 
impacts of building materials, has, therefore, become imperative in 
recent years.

Let’s kick things off by briefly introducing myself. I am Sander van 
Gemert, CME alumni since February 2019. Before I started the CME 
master program at the TU/e, I conducted my bachelor studies at 
the HAN University of Applied Sciences, where I got a degree in 
Building Engineering. Already during my bachelor studies, I had an 
interest in new trends that are aimed at optimising and automating 
construction-related work processes through innovative techniques 
such as Building Information Modeling (BIM) and Machine Learning. 
The CME master program seemed like an excellent opportunity to 
learn more about these topics and further specialise me into the wor-
ld of project management and computer automation.

Driven by my interest in computer automation, my graduation re-
search explored the possibilities of combining BIM and Life Cycle 
Assessment (LCA) at the early stages of design to evaluate the 
embodied impact of building elements. I took on the challenge of 
learning how to program with Python and delved into the possibi-
lities of the Industry Foundation Classes (IFC) schema, while also 
trying to wrap my head around the concept of LCA. Three areas 
of expertise that I had no real prior experience with but wanted 
to familiarise myself with for a long time. In the remainder of the 
article, I will provide a glimpse of my graduation work. Please do 
enjoy it!

MPG-ENVIE: A BIM-based LCA application for embodied impact 
assessment during the early design stages

SANDER VAN GEMERT
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Figure 2. MPG-ENVIE’s workflow

The wide application of LCA in the construction industry, however, 
is restrained by the time-consuming nature of LCA studies and 
the high knowledge-level of the LCA methodology that is often 
required to perform an LCA study. LCA studies are therefore 
mostly performed once the building is built and all information is 
clear, limiting the application of the LCA methodology to being 
only descriptive, rather than providing feedback to improve the 
building design. This practice often results in an inefficient way of 
backtracking to modify the design to achieve a set of environmental 
performance criteria. In this context, the role of BIM appears as a 
tool that has the potential to improve and simplify the application 
of LCA in the construction industry, especially in the early design 
stages where there is most potential for studying different 
alternatives, implementing changes and improving environmental 
performance. Hence, BIM is increasingly used to explore design 
solutions to improve the environmental performance of buildings.

To enhance the application of LCA in the early design stages, I 
developed a user-friendly application that enables designers to 
comprehend the embodied impacts of their design decisions 
quickly. The application is named MPG-ENVIE, short for 
Milieuprestatie Gebouwen Environmental Impact Estimator. MPG-
ENVIE automatically obtains a bill-of-quantities (BoQ) of all building 
elements present in a BIM model, links these to an external LCA 
database of building products and their predefined material 
composition and calculates the whole life embodied impact of the 
proposed design based on the Dutch Milieuprestatie Gebouwen 
(MPG) methodology (Figure 2).

MPG-ENVIE is intended for use specifically during the early 
design stages, when the design is typically not well defined, the 
number of design alternatives is large, and the potential to reduce 
environmental impacts is greatest. Based on simple geometric 
representations of building elements, designers can explore 
the embodied impacts of their designs during the early stages 
of design, rather than in late or post-design where options for 
improvement are more restricted. MPG-ENVIE differs from earlier 
BIM-LCA integrated solutions in that its workflow incorporates the 
IFC schema to extract BIM model input. At the same time, MPG-
ENVIE provides visual guidance in the form of an intuitive interface 
which allows for environmental hotspots to be identified by the user.

MPG-ENVIE’s functional requirements were established by a 
combination of literature study and interviews with experts in the 
field of BIM and LCA. The application of MPG-ENVIE to a case 
study showed that it is possible to assess the embodied impacts 
of an early stage schematic design and subsequently improve 
the building design based on the building elements contributing 
highest to the total embodied impacts of the building. IFC extracts 
generated by Revit and SketchUp could be interpreted, and results 
were presented through an intuitive user interface in the form of 
comprehensive tabular, graphical and plotted outputs. Color-
coding, the geometry of BIM model objects, provides an intuitive 
way to communicate the embodied impact of individual building 
elements. 

In my current role as Cost & Project Manager at Arcadis, I have 
been allowed to directly apply the gained knowledge on LCA and 
BIM and their application in the built environment to large-scale 
new construction and renovation projects. I am currently working 
on, among other things, sustainability issues such as the energy 
transition and improved use of materials, specifically focusing on 
the financial benefits of applying sustainability measures. Choosing 
your graduation topic wisely can, therefore, lead to fantastic 
opportunities in your future career!
Want to know more? Feel free to contact me through LinkedIn or 
check out the link below that shows MPG-ENVIE’s workflow in 
action: 
https://www.youtube.com/
watch?v=qUN8KEQkvaQ&feature=youtu.be 

Sander van Gemert
CME Alumni
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Regeneration and Optimization of Cultural Heritage in 
Creative and Knowledge Cities

ROCK aims to support the 
transformation of historic city 
centres afflicted by physical 
decay, social conflicts and poor 

life quality into Creative and Sustainable 
Districts through the shared generation 
of new sustainable environmental, social, 
economic processes.

Website: www.rockproject.eu 
(ROCK project has received 10M Euro funding from the European Union’s 
Horizon 2020 research and innovation program under grant agreement No 

Figure 1. Role Model Cities_Rock Project, https://www.rockproject.eu/role-model-cities

ROCK aims to develop an innovative, collaborative and 
systemic approach to promote the effective regeneration 
and adaptive reuse in historic city centres by implement-
ing a repertoire of successful heritage-led regeneration 
initiatives related to 7 Role Model selected cities: Athens, 
Cluj-Napoca, Eindhoven, Liverpool, Lyon, Turin and Vilnius. 

R.O.C.K
DR GAMZE DANE 
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The replicability and effectiveness of 
the approach and the related models in 
addressing the specific needs of historic 
city centres and in integrating site man-
agement plans with associated financing 
mechanisms will be tested in 3 Replica-
tor Cities: Bologna, Lisbon and Skopje.

Ten tools from EU companies and 
universities are tested during the demon-
stration activities to support the urban 
transformation in the contexts of net-
working & mentoring, social and creative 
support, safety, environmental control 
monitoring.

1. Rock Web Platform: An Interopera-
ble Platform was created to collect and 
manage data sets related to Cultural 
Heritage to facilitate communication and 
relationships between different informa-
tion sources.

2. Cultural Heritage Experiences: A 
multiplatform app for smartphones and 
tablets based on Augmented Reality 
technology allows the viewing of histor-
ical pictures in situ, engraved pieces, 
maps, short videos and 3D reconstruc-
tions.

3. Creative Industry Green Tools: 
A suite of culturally developed carbon 
measurement tools are developed by 
and for the cultural sector. The tools 
provide carbon footprints for organisa-
tions and cover waste, water, travel and 
transportation and some production 
impacts. They are cross-cultural and 
cover buildings (music, theatre, galler-
ies, studios, museums, offices), events 
(festivals, productions etc.), and produc-
tions (plays, shows etc.)

4. Integrated Cultural Heritage Ana-
lytics: the result of the combination of 
Opinion Analytics with Video Neuroana-
lytics and a range of intelligent decision 
support systems.

5. Large Crowd Monitoring Tool: 
LBASense system analyses data over 
time and provides real-time insights on 
activity and mobility patterns within the 
monitored area. This combination of 
sensors allows the system to perform 
a more comprehensive reading of the  
crowd’s nature, enabling end-users to 

access demographics figures and mobil-
ity patterns on a wider scale, in ordinary 
and extraordinary conditions (i.e. festi-
vals and events). The goal is to determine 
footfall in real-time and change rate 
in the crowd size, besides dwell time, 
revisit and flow patterns and distribution, 
as well as any abnormality, in the overall 
area under monitoring, with an additional 
focus on selected key-locations. 

6. Outdoor Multi Parameter : This 
solution includes the selection and inte-
gration of the most appropriate sensing 
devices, power and communication 
systems, in the historic demonstration 
areas, together with the smart gateway 
for data collection. Monitored data are 
transmitted to the ROCK cloud platform, 
providing a business intelligence tool to 
enable visualisation and analysis of data, 
thus supporting the decision-making 
process about regeneration. 

7. Outdoor Thermal Comfort: The 
scope is to assess the improvement of 
Outdoor Thermal Comfort as a result of 
temporary or permanent transformation 
of architectural and technological features 
of urban open spaces and, consequently, 
of the thermophysical properties, using 
tools, software and anonym question-
naires to assess how people rate comfort 
sensation in open spaces. 

8. Indoor Microclimate Monitoring: A 
predictive tool to know the environment 
character and the user behaviour that 
allows the setting solution to guarantee 
(or to improve) the indoor microclimatic 
parameter. 

Figure 2 Replicator Cities_Rock Project, https://www.rockproject.eu/replicators

Dr Gamze Dane,
Assistant Professor,
Chair of Information Systems of the 
Built Environment Faculty,
Eindhoven University of Technology 
(TU/e). 

9. The Culture of Light: A specific solu-
tions dealing with the universal value of 
light as a language to discover places and 
a tool of social inclusion. The light design 
does not simply answer to sustaina-
ble and environmental issues reducing 
energy demand using a new generation 
of led based bodies but aims to become 
a way to transfer information. Innovative 
sensors and devices will be integrated 
into the lighting element to dialogue with 
people via the app and smart mobile for 
enabling new access (also for disadvan-
taged users) to Cultural Heritage in many 
different expressions (books, buildings, 
events) erasing the distance between 
sight and touch. 

10. People Flow Analytics: A solution 
providing location-based analytics mainly 
based on Global Positioning System 
(GPS) tracking (using GPS trackers). This 
tool is an algorithm called “Trace Anno-
tator” (TA). TA takes GPS trace data as 
input and generates activity-travel diary 
data of users. TA simultaneously differ-
entiates between a certain transportation 
mode and an activity episode. The GPS 
based diary data creates plenty of infor-
mation on activity types, travel distance, 
time, duration and route. By using our 
online questionnaire platform and the 
location-based social network service 
data, the tool enriches the GPS data 
trajectories with background informa-
tion of users and improve the semantic 
meaning of GPS trackers. The aim is to 
extract spatial and temporal patterns 
with additional socio-demographic and 
opinion/meaning data. 
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The use of computational design by a young engineer

“Start adapting and learning about digital and computational technologies. The more you learn now during 
your studies, the more you will develop these skills in your work.”

of CoUrsE! had the opportunity to interview TU/e Alumni Rick 
Titulaer about the industrial revolution in the construction industry 
and his journey in adopting them in his work life at Arup. 

Please introduce yourself. 

My name is Rick Titulaer. I was born in Venray, Limburg, the 
Netherlands, and I am 26 years old. I studied Structural Design at 
the University of Technology in Eindhoven. Next, to this, I did an 
Erasmus of 6 months in Stockholm at the KTH. My hobbies are 
travelling, sports and watching TV shows and movies.

I joined Arup in 2016, after studying for 5.5 years. Arup is a global 
engineering firm with over 14.000 employees, working from 88 
offices in 33 countries. It was founded in 1946 by Ove Arup. His 
principles, formulated in his key speech, still flow through our 
organisation and are still leading today. Arup is known for projects 
such as Sydney Opera House, CCTV HQ in Beijing, Marina Bay 
Sands in Singapore, the Millennium Bridge in London and many 
more. In the Netherlands Arup is known for Arnhem central station 
and the Stedelijk Museum Amsterdam amongst others. 

What role do you play in your company?  How did you get 
into computational design? 

I started as a Structural Engineer in 2016 and was involved in 
a few structural design projects. During my first year, my interest 
in computational design significantly increased. I started to learn 
Grasshopper, partly on projects and partly in my own time. At a certain 
point, an exciting project (the Dutch Wind wheel) came by, and I started 
modelling and calculating structural options parametrically. Since then, I 
further developed my skills, and now I use Grasshopper and parametric 
modelling in almost every project. Since 2017 I’m also a Grasshopper 
trainer, teaching my colleagues in Europe and inspire them with some 
fantastic parametric examples. Now I’m involved in some computational 
projects where generative design is used, either geometrically or 
structurally, or both.

How do you define Industry 4.0? 

I see the fourth industrial revolution as a movement which involves a new 
way of designing and shaping the built environment. This computational 
revolution includes the usage of new technologies like parametric 
design, embracing automation and data-driven design. We, at Arup, 
love to push the boundaries, using these modern technologies to shape 
a better world and the connected world.

What is your opinion about the effect of the computation 
technologies in the construction industry that have come 
at the advent of this industrial revolution? 

The construction industry can and will benefit a lot from using 
computational technologies. It allows us to design buildings interactively 
through generative design enabling a more cost-effective and time-
effective solution and will allow us to explore design through Virtual 

Reality/Augmented Reality. Next, to that, it can help us automate our 
workflows. I think the main effect it will have is that the quality in the built 
environment will improve significantly as well as it will reduce design and 
construction time.

What kind of culture is there at Arup when it comes to the 
adaption of these technologies? 

Arup strives to be a digital-driven company, leading in our industry. 
Therefore, Arup invests a lot in adapting these technologies. They also 
promote the use of these technologies by awarding its people with the 
Arup Digital Transformation Awards. People can be awarded twice a 
year, which highlights the digital transformation within the company. 
How does your work as a structural engineer been affected due 
to these computational tools? 

I started as a structural engineer in an age where these tools 
were still relatively unknown. What I notice now is that everyone 
is beginning to see the benefits of these computational tools. 
Instead of performing a calculation of a concept, we are now 
able to calculate 1000 options within a few hours. This benefit 
results in more efficient designs, delivering higher quality work to 
our clients. And not only performing more concept calculations, 
but also viewing the design options interactively, explaining our 
structural design in VR or AR, and automated the less exciting 
parts of our work. 

Apart from structure design, how do you think these 
technologies affect the workflow involved in a project at 
Arup? 

Arup is a multidisciplinary organisation. We house structural 
engineers, MEP, building physics, sustainability, acoustical, 
infrastructural, master planning and architects. These new 
technologies influence and have a positive impact on the 
workflows at Arup for all disciplines. Generative design and 
design optimisation can be used as an example in all subjects, 
which will effectively improve the quality of our work and will help 
to deliver better projects for our clients.

What is the effect on the building lifecycle due to these 
technologies? 

I guess the lifecycle of a building can be extended due to these 
technologies. An example is creating a digital twin, in which 
premises can be monitored real-time, making it possible for a 
building to adapt to its climate or its loading. On the other hand, 
tools can be created to find the right material/profiles for a specific 
structure, making it easier to re-use building components.

COMPUTATIONAL DESIGN
ARUP
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How does education or lack of it, plays a role in the adaption 
of these technologies? 

Students need education early on in their study. Professors 
need to make students aware of the numerous possibilities of 
these innovative technologies. As soon as the trend is visible, 
universities need to adopt these technologies and suggest taking 
these up in their curricula. Doing as such will play a significant 
role in the adaption process. The same goes for organisations 
in general. Arup already plays a role in it, where we try to help 
universities by providing lectures about these technologies.

What have been your favourite projects where these 
technologies have personally helped you by providing 
added value to your work process and results that are 
expected from you? 

I think I have been using these technologies for most of my 
projects since I started at Arup, and I will name two. 
The first one is Stedelijk Base, which was one of the first projects, 
where I began to use computational design. In this project, we 
designed thin steel exhibition walls together with OMA/Rem 
Koolhaas. To make these walls as thin as possible and with the right 
stiffness, we integrated stiffener plates in the design. The location 
of these stiffener plates was optimised to reduce the deflection and 
the vibration when someone would fall into these walls or shake 
these walls. The result was the creation of unique exhibition space. 
The other project is Smakkelaarspark. Together with Lingotto, 
Studioninedots and ZUS, we used computational design to shape 
the building. In close collaboration with the design team and some 
initial parametric studies, we came to a list of six key performance 
indicators (KPIs). Using these KPI’s, we started to use multi-
objective optimisation and found the most suitable fit solution for 
the development of Smakkelaarspark.

What advice do you give to CME students who would like 
to work at Arup? 

I would advise that all students start adapting and learning about 
digital and computational technologies now, while being a student. 
The more you learn now , the more you will develop these skills 
in your work. And I think that future students will also be selected 
based on their digital competencies. 

Figure 1. Delfino Sisto Legnani and 
Marco Cappelletti – OMA.

Figure 2. Lingotto(2018). https://smakkelaarspark.nl/ 

Rick Titulaer,
Structural Engineer, 
Arup
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USER-ORIENTED DESIGNS 
AVECO  DE BONDT

Bridging the gap between the user and the producer 
Industry 4.0 is all about efficiency. The efficiency of future 
buildings in the broadest sense of the word (usability, the total 
cost of ownership, life cycle costs), is subject to how the user 
will utilise the end product, the building. Therefore we can see 
a rising trend in the customisation of building designs to meet 
user needs. This personalisation is commanding the demand 
and driving premium prices. Contractors can’t afford to produce 
one-size-fits-all products. The question “Are we building the right 
product?” is more important than ever with the shift towards user-
oriented development. On the other hand, we have seen a trend 
of automation and standardisation, and there are no indicators this 
will decrease in the coming years. Combined with the persisting 
shift of responsibilities towards the market in the form of integrated 
contracts, the formulation of “What is the right product?” will 
determine the success of any design and construct task.

The philosophy of integrated contracts gives the contractor the 
design freedom to meet the user needs most efficiently. Therefore 
they require a formulation of requirements based on functional 
specifications instead of a traditional technical specification, in 
which an expert already formulates the solution. As a result, one of 
the major tasks during the design phase is acquiring and validating 
the input from the user to specify the user-requirements. These 
user-requirements, as part of the requirements specification, must 
be best stated as SMART (Specific Measurable Attainable Realistic 
and Time-constrained) as possible to assure an efficient design 
process. 

However, the conflict that arises here is twofold: 1) not every user-
requirement can be stated without the use of vague terms and 
2) most users are not experts in formulating their needs. In other 
words, users are not able to express their needs into SMART and 
technical statements because most of them are laymen.

The gap between the vaguely stated user-requirements and 
measurable components that can be verified is a lingering 
problem driving a wedge between the trends of customisation and 
automation. Vaguely stated user requirements cannot be verified 
in a later phase with a risk of customer dissatisfaction or having to 
redesign. Design alteration or reformulation of user requirements 
can cost significant amounts of money when this is needed in later 
design stages (see figure 2). So there is a need for a translation 
from user preferences into SMART and technical described 
statements early in the design process. Using a standardised 
translation process would enable contractors to process the user-
requirements and use it for verification. The goal of a standardised 
method is to improve an objective view and constant level of user-
requirements as the base for future building design. The recent 
boom in data collection and machine learning enables the use of 
Knowledge-Based Systems (KBS) as a solution to this problem. The 

deployment of KBS for these problems is to 
diagnose user preferences based on a set 
of rules (traditionally) set by experts. Once 
the KBS is trained and programmed by the 
experts, it will diagnose a user. The KBS 
will ask the user questions and based on 
the response the system will determine, via 
an inference engine, if more questions are 
needed. Eventually, the KBS will determine 
the solution with the highest probability. A 
KBS based translational tool would result in 
a dynamic questionnaire with a sequence 
of questions that need to be asked to 
get the right standardised formulation of 
the user preference. The combination of 
the questions is influenced by the given 
answers of the user by the inference 
engine in the background. The outcome 
will be a standardised set of SMART user-
requirements set by the contractor to match 
their verification process.

A KBS traditionally needs to be engineered by a knowledge-
engineer and with the knowledge of an expert. However, with the 
development of machine learning, it is possible to train a neural 
network without the knowledge-engineer. The expert needs to 
be able to train the neural network by the interpretation of, or 
the informing into user-requirements. This entails that for the 
formulation of the user-requirements, we only need someone 
that can answer questions about their user-process. Training 
of the KBS will be necessary for every different expertise. 
Nevertheless, once trained a KBS will reformulate the same 
requirements for the same input and will not be subject to 
the inconsistencies like the experts. When we train the KBS 
not by one expert, but on a group of experts, this tool can 
be the culmination of knowledge and reach a consensus for 
a requirement formulation. The result of a well-trained KBS 
used to produce verifiable requirements will increase customer 
satisfaction and the efficiency of the building designs. Verifiable 
requirements can be substantiated with the use of a 3D model 
in a BIM (Building Information Model) environment. Possibilities 

Figure 1. Prefabricated construction Wikimedia Commons
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A KBS traditionally needs to be engineered by a knowledge-
engineer and with the knowledge of an expert. However, with the 
development of machine learning, it is possible to train a neural 
network without the knowledge-engineer. The expert needs to 
be able to train the neural network by the interpretation of, or 
the informing into user-requirements. This entails that for the 
formulation of the user-requirements, we only need someone 
that can answer questions about their user-process. Training 
of the KBS will be necessary for every different expertise. 
Nevertheless, once trained a KBS will reformulate the same 
requirements for the same input and will not be subject to 
the inconsistencies like the experts. When we train the KBS 
not by one expert, but on a group of experts, this tool can 
be the culmination of knowledge and reach a consensus for 
a requirement formulation. The result of a well-trained KBS 
used to produce verifiable requirements will increase customer 
satisfaction and the efficiency of the building designs. Verifiable 
requirements can be substantiated with the use of a 3D model 
in a BIM (Building Information Model) environment. Possibilities 
to combine building elements with information to validate 
with the SMART stated user requirements contribute to an 
automated verification process. The added value can be best 
described in an example of the use of such a tool in a future 
project.

Every client has some own preferences. Together with advisors 
and other experts with years of experience, these preferences can 
be translated into specific client requirements. They know what 
information is needed to use in the design and come up with a 
design that satisfies this client. By asking the client questions, 
they get a view about the requirements to gather. If the tool can 
establish this in the same way, a lot of time and misinterpretations 
can be saved, including frustrations. The design and future building 
will have fewer mistakes, which result in less delay and costs. As 
can be seen in the figure below, according to when the process is 
further, the costs to fix requirement defects become exponentially 
higher.

What if a user has some preferences about something that aren’t 
provided by the experts? Simple, because the tool is based on 
training KBS, it is possible to expand the knowledge base and 
with that the abilities of the translator. This results in a sustainable 
use because only updates of the knowledge base are needed 
and no new innovative developments. With this in mind, there is 
a vast improvement possible that can help the construction sector 
in future building projects that contribute to building even more 
complex buildings for the industry of tomorrow. Using KBS will 
make it possible to efficiently design custom based buildings that 
fit the user’s preferences. 

ir. Bob van Bronkhorst
Process Manager/Consultant 
Process Management

ir. Ruben Bultman
Consultant Process 
Management

Figure 2. Costs to fix requirement defects based by 
Wheatcraft, L.S. (2012). 
Thinking ahead to verification and validation, 1-25

References: 
Bultman, R. A. (2019). Specifying abstract requirements of buil-
dings using Knowledge-Based Systems — Eindhoven University 
of Technology research portal (TU Eindhoven). Retrieved from htt-
ps://research.tue.nl/en/studentTheses/specifying-abstract-require-
ments-of-buildings-using-knowledge-bas
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Data Science, Big Data and Artificial Intelligence are 
conquering the AEC Sector.

It may have taken a while, but the AEC (Architecture, 
Engineering and Construction) sector is starting with the 
digital revolution. The first applications of Big Data, Data 
Science, and AI are a fact. Joost van der Werf and Judith 
van Rijswick are from the real estate consultancy firm, Brink 
Management / Advies and are working daily on it. They will 
tell you everything about the latest developments.

Joost: More data has been available than ever before in the 
AEC sector in recent years. It is, however, the art to translate 
this data to information which is really of use. Our clients do 
have questions about what we can answer with the data. For 
example, they ask us if it is possible to futureproof their real 
estate portfolio: how they can improve their sustainability, or 
they ask us what the social impact is of transformation within 
built-up areas.

Judith: These issues mentioned above are a combination of 
construction engineering, data science, and geo. Because 
of this, we work in multidisciplinary teams to answer these 
issues. Within our team, we have a mix of people with an 
education in the Built Environment, econometrist, but also 
people with a background in AI, Geomatics or Economics. 
Together, we make precise analyses and create wonderful 
things. We know each other pretty well, but we are however 
still capable of surprising each other by unexpected 
statements such as “Serious? Is that also possible?”. This is 
fun, inspiring, and of course, useful.

Joost: It is tempting to only look at future perspectives: 
drones are flying above the Netherlands, checking for 
damages on properties and are trying to fix these damages 

immediately. The technology is, however, not mature yet. It 
is up to us to develop this technology in small steps; this is 
something we do at Brink. This is profitable for our clients. 
By doing so, we are getting closer to Industry 4.0.

Judith: On this page, you will find multiple examples of 
projects we are currently working on. Piece by piece 
beautiful, innovative projects which we’re proud of. We want 
to be innovative and to do so we need employees who want 
to be part of our multidisciplinary team. Do you think you 
can contribute? Do not hesitate to contact us or look at our 
website for more information.

Big Data – Where should 
we locate 1 million homes 
within the Netherlands?
One million homes until 
2034. That is the national 
building programme which 
has been predicted. Our 
population is ever growing, 
mainly within the bigger 
cities. The Minister of Internal 

Affairs is even wondering if 1 million homes can fit within 
the Netherlands. Also, she is wondering how does this 
impact public opinion. This is an excellent example of a 
Big Data issue. Our answer to this issue is that we divided 
the Netherlands in small pixels   this, we were able to give 
insight into the feasibility of this immense building task. 
This knowledge can then be used in choices the Dutch 
politicians have to make.

DATA SCIENCE, BIG DATA AND AI
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AI – Image recognition of houses
To determine maintenance of the real estate and to 
manage the exploitation optimally, it is critical that real 
estate managers know what the content is of their 
portfolio. What is the area of the façade and roof? How 
many windows and doors are there present? It requires 
a lot of work to measure and maintain a large real 
estate portfolio. Therefore, Brink is creating a modern 
approach to this issue. It is a technology which already 
is quite often used, but not in the field of real estate. By 
applying AI, we are capable of estimating maintenance 
costs for big real estate portfolios. This is made possible 
through image recognition and the learning capabilities 
of neural networks. By doing so,  we can improve the 
management of real estate. Also, we conduct inspections 
more objectively, more frequently and therefore better and 
more up to date.

Brink Management / Advies
Brink Management / Advies is a real estate consultancy 
firm. We advise big real estate parties. Real estate with her 
challenges is our expertise. We are cut out for this.
We have been to college for it. We have multiple years of 
experience. We have given it all everything to be precise all 
the time. To be close to the truth. We’ve fallen deeply in love 
with real estate.

Data Science – impact studies for municipalities
Many municipalities have to deal with an accumulation of 
issues and ambitions. Cities are getting crowded, while 
population growth is on the rise. Political implications are 
growing in complexity. Municipalities must make choices 
for the facing transition. Brink supports municipalities with 
impact studies and policy implications. We have developed 
data-driven decision support tools, which help to give an 
insight into the consequences of the transformation of, 
for example, living, well being, and mobility. What does 
this transformation imply for the city, mobility, education, 
vegetation, etc.? We look for relations to more than just 
the financial aspects. We look at multiple transitions at 
once. By doing this, we help municipalities make optimal 
spatial choices.

About Joost

Joost van der Werf has been employed 
at Brink for twelve years. From the 
economic perspective, he advices 
municipalities, the government, 
housing corporations about the 
financial translation of policy decisions. 
Joost always introduces himself as a 

system analyst. In his opinion, that is the best there is.

About Judith

Judith van Rijswick is a data scientist 
and has multiple years of experience in 
the development and implementation 
of decision support systems. She has 
been employed at Brink for half a year, 
and she spends her time on everything 
that involves data and real estate. 

Preferably, she likes to perform data into insights for issues 
of clients.

• The article hs been translated for our English readers from Dutch 
by Stan Bouwens
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Focus on building Object Type Libraries and interoperability by using 
open BIM standards 

The construction industry gets serious about data
The (Dutch) construction industry is changing. Companies 
discover the added value of information technology. Public 
and private parties invest in implementing a BIM strategy 
and in setting up a domain or company specific Object 
Type Library to define their assets; the single source of 
truth. Therefore, the processes within the companies and 
projects are leading, not the software. So the question is, 
how could the industry facilitate those processes by using 
evolving methods such as BIM, to work in a faster and 
more efficient way while reducing failure costs?

It is all about standardisation. Standardisation is critical 
because it allows you to uniformly set up the input and 
measurement of data to best maximise efforts and 
reduce inefficiencies. In the vision of BIM-Connected, 
data management and exchange will be much easier if 
everybody commits to open standards. Why? Because 
they are easily accessible and software independent. The 
data will be available to everyone authorised within the 
company or project after entering/defining once. Widely 
used open BIM standards in the (Dutch) construction 
industry are:
 - IFC; The Industry Foundation Classes form an open, 
 international standardised data model for exchanging 
 and sharing specific BIM information between the 
 various software applications of parties in the 
 construction process. The standard is available for 
 the B&U sector, for infrastructure an extension is being 
 developed at buildingSMART.

 

 - COINS; Information Container for Data Drop supports 
 the exchange of Systems Engineering information 
 and ensures that an object tree, GIS, 2D drawings, 3D 
 models, IFC models, and object type library conjunct 
 into one database.

These data standards result in better communication 
and collaboration (enhance interoperability), healthy 
competition (software independency) and useable 
information in the long term.

What we do
The added value of Object Type Libraries
Data architecture is about describing conceptual, logical 
and physical data models. A conceptual data model 
describes the structure of conceptual objects and 
their relations. Many companies in, for example, the 
construction sector want to describe their assets. They 
want to create a library of object type of their scope or 
domain.  So yes, in our industry, this is often called an 
Object Type Library (OTL). 

BIM-Connected defines set up and implement data 
structures and OTL’s for organisations in the building, 
construction and energy industry. It is a typical data 
structure about all relevant type of objects and their 
relations and properties for a specific domain. An object 
or asset is described with its object-type data, geometry 
data and metadata. For example, the deck of the bridge in 
the figure is classified as deck, which is an object type in 
a certain OTL. This object type includes a property called 
material. This means the property material of that deck of 
that bridge has to be filled in.

INFORMATION FLOWS IN THE CONSTRUCTION SECTOR

Figure 1. Source: www.roadotl.eu

BIM CONNECTED
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Furthermore, an OTL makes a computer-interpretable 
description of the reality possible. You could “ask” (by 
querying) the database how many square meters asphalt 
the road of the bridge has. The result is to analyse faster and 
work with consistent information.

We see an OTL as the first step of an organisation to make 
decisions based on their created data. We are creating the 
foundation of data-driven companies in our industry! 

Focusing on interoperability  
The implementation and evolution of BIM in our industry have 
to lead to better (digital) communication and collaboration. 
Interoperability is essential to reduce information loss over 
the life cycle of an asset. Information loss is a big issue 
because a project includes many phases and stakeholders. 

The government policy is: “Open standards, unless…”. 
It is about good, sustainable, cost-effective information 
exchange while preventing vendor locking. The open 
standards policy exclude the use of closed standards. 
BIM-Connected helps clients on a strategical, tactical and 
operational level to exchange their information consistently. 
We create added value by embracing the standardised and 
open way of information exchange and ensure clients keep 
the advantage of working with their software. 

Figure 2. Digital Building Model

Who are we
BIM-Connected is a young, ambitious and growing 
company focusing on the digitalisation aspects of the 
built environment. More specific, helping big clients with 
implementing OTL’s to structure important information 
and consistently manage data. Second, helping to 
make consistent data exchange possible by using open 
(BIM) standards, e.g. IFC, COINS and semantic web 
components RDF and OWL. A big part of the company 
consists of people with a CME background. 

Please feel free to contact us to know more about BIM, 
data in the construction industry and our company 
www.bimconnected.com!

Jakko Heinen 
Founder and Owner,
BIM Connected

Bob van Thiel
Partner and Consultant,
BIM Connected

www.bimconnected.com
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For this year’s Intervisie! the study association, of CoUrsE! invited me to write an article about 
contract management within the ‘Construction 4.0’ theme. They sent me the Cobouw article 
‘Artificial Intelligence (AI) and big data: the new gold’ (Dr.ir. Sander van Nederveen, 2019) as 
background information. My first thought was: “What does Construction 4.0 mean exactly? I’ve 
never heard of it.” After reading the aforementioned article, it was still not entirely clear to me. I 
asked several colleagues, and it turned out that I was not the only one who did not know. Then I 
read a few articles on the subject, and I concluded that in a sense, we are already working on it. 

We are even co-developing. In that context, I will show you some of my experiences.

Application in the daily practice of contract management.

According to the World Economic Forum (WEF), digital 
progress has transformed whole industries over the 
past decade, ushering in a new technological era now 
known as the Fourth Industrial Revolution. Platforms and 
streaming services such as Facebook, Spotify and Netflix 
have transformed media and entertainment. E-commerce 
giants, including Amazon and Alibaba, have disrupted 
bricks-and-mortar retailers. Digital mobility companies 
are challenging automotive manufacturers. These new 
technologies are not only satisfying consumer demand for 
better entertainment, shopping and transport. Innovation 
has improved companies’ productivity and sustainability 
and redefined the skills and competencies needed to thrive.

The WEF also describes that over the same period, the 
construction industry has continued to operate as it has 
for the past 50 years. It still relies heavily on manual labour, 
mechanical technology and establishes operating and 
business models. As a result, productivity has stagnated. 
Only recently have digital technologies begun to enter the 
industry, gradually changing how infrastructure, real estate 
and other built assets are designed, constructed, operated 
and maintained. These technologies, including building 
information modelling (BIM), prefabrication, wireless 
sensors, 3D printing and automated and robotic equipment, 
are affecting the entire industry. Their economic and social 
impact could be substantial, given that the construction 
industry accounts for 6% of global GDP. Within a decade, 
full-scale digitisation could help the industry escape its 
decades-long stagnation - Construction 4.0.

The WEF introduced an Industry Transformation Framework 
with 30 best practices within eight themes, divided over 
three types of actors. This article focuses on two of the 
eight themes, because of the experience I recently gained 
on these subjects:
1 Industry collaboration;
2 Technology, materials and tools.

Industry collaboration
Construction 4.0 is not only about advanced technologies 
and workforce skills. It is also about the collaboration 
between stakeholders. Collaboration between organisations 
is an essential requirement because companies need each 
other to be able to innovate. The term collaboration also 
applies to the collaboration between contract partners in 
construction projects, for example, in the contracting or 
execution phase (construction and maintenance). Using 
specific EMVI (literally translated to English:  Economically 
Most Advantageous Registration) criteria and Design & 
Construct contracts, an attempt is made to encourage 
innovations in the field of, for example, sustainability and 
the circular economy. In practice, it regularly turns out to 
have other effects than intended. But, if the price is an 
essential factor in tenders, as a client, you will not get what 
you want: maximisation of project objectives.

In recent years, the relationship between client and 
contractor has come under pressure in the implementation 
of projects. Causes include fierce competition, different 
project approaches and different organisational structures. 
Everything is aimed at matching the tight project budget. In 
2016 Rijkswaterstaat (Directorate-General for Public Works 
and Water Management), in collaboration with various 
companies in the construction sector, defined a ‘market 
vision’ in 2016 to improve collaboration in the construction 
sector. The aim is to foster an open dialogue about the 
needs and ambitions with all organisations involved, to 
determine the common project goal, opportunities, risks, 
control measures, and to deal with setbacks.

The result of the market vision 2016 is that organisations 
look for solutions to improve collaboration in projects. At 
the moment, several initiatives are investigated, and some 
of them are already implemented in projects. Results from 
a study conducted at Witteveen+Bos show that various 
clauses and methods can positively influence collaboration. 
Early contractor involvement, joint risk allocation, good 
faith obligation, collaborative procurement and joint 

WITTEVEEN+BOS
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project teams can be used during the early project phase 
(exploration up to and including tendering). The results 
also showed that for the execution phase joint problem 
resolution, program and planning, joint project team, 
continuous process reflection and continuity could be 
used during the execution phase. The specific means of 
these clauses and methods can be found in the report 
‘Improving collaboration between client and contractor 
in integrated contracts in the Dutch construction sector’, 
available at the Delft University of Technology. Some 
recommendations for the construction sector are shown 
in figure 1.

Technology, materials and tools 
The market demand for various AI and BIM applications 
is increasing and is continuously changing. That is why 
this article explains a small selection of the subjects 
Witteveen+Bos deals with.

Model development and coordination
Model development and coordination mean the smart use 
of design models within projects. We can delve deep into 
the model data and link models with calculation software 
and other systems. An important focus within this aspect 
is the application and development of BIMXtra in our 
projects, enabling us to manage, control and visualise one 
master model even for our mega projects.

Project Information Management
In recent years we have linked a large number of BIM 
information flows. These connections offer various 
opportunities. Linking customer requirements, system 
requirements, costs, planning, project phasing and risks 
makes it possible to gain real-time insight into the project 
progress quickly and often. It reduces the risk of errors and 
makes verification and validation (Systems Engineering) 
easier. The basis for this was laid at the projects Afsluitdijk, 
Zuidasdok and Oosterweelverbinding.

Design and Simulation
Since our first successful experiments in having our 
colleagues and stakeholders experience the designs we 
produced, we  have continued developing our products in 

Figure 1. Phases of the project

Figure 2. Design Simulator

the field of Design and Simulation, more specific: Virtual 
Reality. These products are characterised by how large 
quantities of construction information is shaped into a 
representation that is directly understandable to people, 
both in 2D and in 3D. For example, the development of our 
Driving Simulator in the same line “(Figure 2.). 
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International contract management
The previously mentioned themes also have their effect on 
my daily practice within (inter)national contract management. 
For an engineer who deals in contract management, it 
means:

• Application of the technology models using Systems  
Engineering:
 o Retrieving requirements from identified relevant 
stakeholders by performing interviews, giving feedback 
on the considerations of the requirements and implement 
the approved requirements in the contract documents, 
together with the design. The steps in this process are made 
explicit using applications in the field of project information 
management;
 o Using an approach that considers the entire construction 
chain (from client to sub-sub-contractor etc. and from the 
early project phase until the maintenance phase). This 
method already takes the realisation and maintenance phase 
into account at early project stages. We do this in cooperation 
with the technical specialists in, e.g. the translation of 
customer requirements into a design, system requirements 
and contract requirements. For this approach, we apply all 
the aspects mentioned under ‘Technology, materials and 
tools’;
 o Keeping information available through traceability 
of requirements and wishes in design solutions. Project 
information management enables us to generate integrated 
design solutions that meet all requirements and conditions. 
By making this explicit in all project phases, the design  
solutions and contract requirements can always be 
traced back to the source;
• Geographically linking the design (2D and 3D), which can 
then be easily accessed via a GIS application. In this way it is 
easy to make the impact of design solutions transparent and 
perceptible for stakeholders;
• Geographically linking all documents within a project, from 
contract documents, location-specific  i n v e s t i g a t i o n s 
carried out to agreements with stakeholders. This linking 
is especially useful during  the construction phase. During 
supervision at the construction site, information about the 
specific location is available immediately. Also, photos from 
a particular location are placed directly on the server and 
linked to that specific location.

Future
I wrote earlier that market demand for various AI and BIM 
applications is increasing and is continuously changing. 
Then I described several examples of the applications and 
how this is reflected in my daily practice. But what will the 
near future bring us?

Parametric design. In the coming years, we will focus more on 
applying parametric design within our projects, to generate 
models faster. An essential part of this is the development 
of civil web services that enable our clients and employees 
to adjust the design input themselves actively. Examples of 
such products are our parametric parking garage and the 
crowd design toolkit.

Linking different knowledge fields. We also see opportunities 
for further optimising the link between various knowledge 
fields (costs, risk management, Systems Engineering) and 
making this information more accessible. The result is that 
all project team members have access to the most current 
state of design and implementation always and everywhere, 
all related to the preconditions of costs, time, quality and 
customer satisfaction.

3D Concrete Printing fig.3. Witteveen+Bos thinks this is 
bound to become the disruptive innovation to turn the 
construction industry upside down.

Serious Gaming and high-quality simulations. This allows us 
by VR-tooling, for example, to let maintenance employees 
experience new situations and provide specific training for 
them or enable residents to experience new facilities and 
provide feedback on it.

Figure 3. 3D Concrete Printing

ir. R.A.J (Rob) Rijnen
Projectingenieur (inter)nationaal 
contractmanagement 
Witteveen+Bos
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