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—Ooreword

Laurens Castenmiller

Dear reader,

It is with great enthusiasm that | can present to you the first
edition of the INSide Information for the academic year 2020
-2021.

The INSide Information falls on the doorstep twice a year, and
sharing Rnowledge is the Rey goal of this magazine. In each
edition, different topics likRe, sustainability, lighting, energy, and
systems are presented from the different research chairs in
the Unit Building Physics and Services. | am honored to be a
chairman of Mollier, the study association of the Unit. You can
find a more comprehensive introduction to myself and the rest
of the 25" board in the “Introduction to the Board” section, along
with other interesting research in the unit and messages from
our partners.

In the recurring topic “lce-Breaker”, Sil Schaars will introduce
herself as one of our new members. The graduation project
of Daria Zendri is presented, who researched the technical
and environmental benefits of the modified mixture of self-
compacting concrete. Another article is written about a digital
test environment for advanced building skins by Martijn van
Ballegooijen, on the topic of digital environments. Jill VVervoort
has written about her life after BPS and her experiences of
being an employee at De Groene Grachten and two articles by
our partners Valstar Simonis and Actiflow are presented. In the
column BPS Basics, the importance of circularity is explained
by Hajo Schilperoort. Finally, | will Rick off a new topic: as a
graduated bachelor student, | will share my experiences from the
bachelor end project.

Together with the board, we continue to organize activities for our
members and alumni; if not offline, then online. This academic
year is special because Mollier celebrates its 25" anniversary!
We would like to see all of you at our lustrum activities, which you
can find on the Lustrum page of the Mollier website. The lustrum
committee is working hard to be able to organize all activities
where possible in real life, in accordance with the guidelines of
the RIVM. Furthermore, we have some traditional fun activities
coming up, such as the beer tasting and the cocktail party. If
you're enthusiastic about organizing such an activity, we are
looRing for you! Feel free to contact the 25" board!

For now, stay safe and a lot of fun reading all the impressive
articles to catch up with Mollier!

Laurens Castenmiller

Chairman, 25" board of s.v.b.p.s. Mollier

INSide Committee
Laurens Castenmiller, Meghana Kulhalli, Nora Kuiper

2020-2021 #1 INSide Information 3



COLOPHON

INSide Information
Volume 25 Issue |,
December, 2020

The INSide Information is
published by s.v.b.p.s. Mollier

Front cover: Maud Staassen
Fotografie

Cartoon: Koert Stavenuiter
Back cover: Maud Staassen
Fotografie

Printing office:

Ledenblad.nl

Visiting address
TU Eindhoven
Vertigo 2™ floor

Post address
Postbus 513

p/a Secretariaat BPS
5600 MB Eindhoven
Tel: (040) 247 4406

Email: inside@mollier.nl
Website : www.mollier.nl

4 INSide Information 2020-2021 #1



This
INSIde

MOLLIER & MEMBERS

BULDING PHYSICS & SERVICES

COMPANIES

10

15

27

31

1

25

35

41

44

49

21

38

50

Meet the board
Activity Calendar
Ice Breaker: Sil Schaars

Alumni at workR

BPS Basic

Modified mixture design of self-
compacting concrete

The design of a circular bio-based Air
Handling Unit

PDEnNg project: Intelligent solar
shading systems.

Bachelor End Project (Thermal
bridges)

A Digital Test Environment for
Advanced Building SRins

3D Steady RANS Simulation of
Pollutant Dispersion in Streets

Integrating Pedestrian Wind Comfort
in Early Design Process

The Flow® Houthavens Amsterdam
focuses on user’s well-being

Sponsors

2020-2021 #1 INSide Information 5



INtroduction to the
25" Board of Mollier

LAURENS CASTENMILLER, CHAIRMAN
I_li all, my name is Laurens, and 24 years old. I'm born in Amersfoort and raised
in Nijverdal, which is near Almelo and in the east of the Netherlands. | had an
accident with the bike (see next paragraph) and in the hospital, | had enough time to
think about the discipline | wanted to focus on, which is BPS. two years ago | joined
Mollier while | was still a bachelor student. I'm diligent to learn new things, so | decided
to join the board of Mollier last summer. This academic year | will be the chairman of
the 25th board of Moallier, and at these pages, you get to Rnow the board.

Besides being a board member, I'm also a member of the student cycling
association Squadra Veloce. Cycling clears my head and provides extra energy
that | can putinto my study afterward. | have cycled the elfstedentocht (235 Rm) twice,
but unfortunately, COVID-19 did cancel the event this year, so there is no third time
yet. A rather serious accident with the bike, 6.5 years ago, brought me into a coma for
one weeR but did not take away the love for cycling (“pain is temporary quitting lasts
forever”). | recovered and am open to speak about it, so if you have guestions about
it, feel free to ask them. And if you want to cycle together with me, feel free to ask me!

part from cycling, | appreciate good music and listen to many Rinds of music,

especially country music and somewhat older music. | visit many concerts and
like to visit festivals with my friends. As a part time job, you could find me behind
the bar at festivals all over the country. With this job, I'm occasionally able to join the
festival ground, enjoy the music behind the bar, and earn money at the same time.

| spend most of my salary on soccer. Even though | study in Eindhoven, and am raised
in Nijverdal, | support Ajax. | have a season ticket for all home matches of Ajax. After
a disappointing result, of an important match, I'm not approachable for about one
hour. The train journey from Amsterdam to Eindhoven takRes more than an hour,
which is an advantage because then | have been able to put soccer into perspective.

hope this year will be an awesome academic year. If you have difficulties or questions,
you can contact me on floor 5 or feel free to send a mail to chairman@mollier.nl.

\\' :

| P
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JESPER PRIESTER, COMMISSIONER OF ACTIVITIES AND

VICE-CHAIRMAN

|_| ello reader, I'm Jesper Priester (as you probably already saw in the header above)
and am 24 years old. The small village of Kats in the province of Zeeland is where

I grew up. If you like the countryside and love to have your seaside and beaches

nearby you could call it nearly ideal.

fter | finished my havo | wanted to do a technical study, looRed for chemistry

and civil engineering but eventually preferred building engineering. This | did at
what is colloquially just Rnown as 'HZ" and is an abbreviation of Hogeschool Zeeland.
Within this study, | gained more and more interest in building physics. Therefore |
focussed on this as much as possible within the program and mostly the internships.
This was not enough to my liRing and was determined to do a masters.

hile doing my graduation internship | was already unintendedly part of my first

Mollier activity, later many more would come. Back then Mollier visited the
laboratories of Peutz while | was there for my internship. | enjoyed it a lot and so
the first contacts with Eindhoven were made. Together with a lack of interest in the
studies in Delft, BPS it was. Even though | sometimes strongly think not, | still am very
happy with that choice.

ast forward time roughly two years and now I'm responsible for the activities within

the 25" board. This is combined with the role of vice-chairman. The whole COVID-
situation has for sure its impact on the activities. However, they are and certainly will
Reep coming. | hope we can see each other at one of the activities!

BELETRD i
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Dearest reader,

ou might remember us from last year! In June 2019, we became the candidate

board of Mollier, the five of us having different backgrounds regarding origin and
previous studies. In September 2019, we were officially constituted as the 24th board
of Mollier and together, we had a blast leading Mollier.

e organized all sorts of educational-, career-related- and fun activities for our

members and alumni. We organized our traditional events, such as the monthly
lunch lectures and the start activity, as well as some new events. We introduced
the first ever comfort Ritchen, with the help of Meghana and Daria, a well organized
pubquiz by the ever enthusiastic pubguiz-committee and a workout activity, hosted
by Cristianel!

f course, we had some ups and downs during our board year, with the Covid-19

pandemic as our biggest challenge. We are very proud that we managed to move
activities online, in order to still connect with the members and the companies. We
introduced online “dinner lectures” with our partners to replace the lunch lectures that
could not take place, and we moved the beer tasting and the cocRtail party online.

t the end of the year, when we were allowed to organize some offline activities

again, we organized an active members barbecue to thank everyone who joined
committees in the past year, and we organized a very successful end activity at the
end of the summer!

e are looRing back at a successful year, as the 24" Board, and are excited to looR

forward as well, as the 25" Board of s.v.b.p.s. Mollier! Together with Laurens as
the new chairman and Jesper as our commissioner of activities, we are in the board
of Mollier for a little while longer. Feel free to contact us for any questions regarding
the association and the members (contact Julia, our super secretary); the finances of
the association (contact our treasure(r) Sietse); the educational program (contact our
toppers Eugene and Bas), or career-related questions (contact Bas and Nora, well-
willing to connect you to any company that you are interested in).

We hope to see you soon at one of our activities this year!

Much love,
JUlig, Sietse, Eugene, Bas and Nora
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Why can't a building
be as Intelligent as
its occupants?

Metasys® checks that every HVAC, lighting, security and fire system is
functioning as it should. If it's not, Metasys lets you know. And here's
something else that's really smart. Metasys can also help you get more
from your investment with open connectivity to any equipment controls
system. Just one of the innovative ways Metasys can help you get the job

done. To find out more, visit johnsoncontrols.com/metasys.

O METASYS

MASTER YOUR ENVIRONMENT.
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Nolier Activity
Calendar

ACTIVE MEMBER BARBECUE
On the 4% of July, the active member barbecue tooR place to thank
everyone for the commitment and effort that everyone put into
organizing the past activities last academic year. The barbecue was
turned on, and while enjoying a beer or a glass of wine the evening
_' turned to be a pleasant evening. To express the gratitude to all active
members, everyone received a beautiful plant, specially selected for
the particular person. Also a specific message was attached to the
plants as a memory for the active attitude last year.

END ACTIVITY
In the last weeRend of August, we could finally organize an offline End Activity. As our start- and end activities are
organized as a fun bonding weekend together with other members of the association, we really valued organizing
this activity. This year, instead of going far from home, we stayed near Eindhoven. The weekend started with a
scavenger hunt by biRe, leading to the viewpoint over Groot- en Kleinmeer, and to a pub in Vessem where we treated
our participants on a well deserved beer. After the short breaR, it was time to continue to Qost-, West- en Middelbeers,
where the committee had rented a large group accommodation. The house for almost 50 persons offered enough
space to Reep 1,5m distance for our 23 participants. The evening was Ricked off with a nice dinner, prepared by the
committee and their recruits, Meghana, Marc and Jesper. After dinner, it was time to play an alternated version of 30
seconds, where groups of four played against each other. The evening ended with some more games, and catching
. up after the summer break. The next day, we started with an excursion to a sheep herding farm, where we got an
elaborate instruction on how to herd sheep, with and without a well-trained dog by your side. For the afternoon, the
committee prepared a so-called “zeskamp”, with corona-proof battles between the teams. This was a large success,
and everyone could relax and regain strength with a luxurious barbecue. The finale was played in the dusk, where the
teams battled each other in a game of outdoor laser game. After the laser game, we had some relaxing time, where
some people exhaustedly went to bed early, while others continued to chill until the wee hours. The next day, we
cycled home in unfortunately horrendous weather. We planned a pit stop at a restaurant along the way home, where
the overall winner of the weekend, Maud, was crowned with a special beer package. We'd likRe to thank the committee,
Sietse, Julia, Bas and Nora for organizing this amazing weekend for us!

~ Yersr
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GMM #4 - CONSTITUTION

On Tuesday, the 22nd of September, we organized the last GMM of the
24th board, and the first GMM of the 25th board. The constitution of the
25th board tooR place, with the members of the 25th board unanimously
chosen.

4./—\Fter the GMM, the board celebrated with a beer at the CSPO XL,
organized by the 35th board of CHEOPS, and afterwards with a dinner at
the Zwarte Doos. We welcomed our members to join us at 19:00 to have
a toast on the new board and the new academic year. Due to corona,
this unofficial constitution drink tooR place in a different way than we are
used to, but we are very excited to hopefully organize a real constitution
drink somewhere in the first half year of 20211

DINNER LECTURE #1, #2 AND #3
Since the worldwide outbreak of Covid-19, we have been challenged to move
some traditional activities online. At the end of last year, we successfully moved
ourlunchlectures online. Even thoughthe lunch lectures were allowed on campus
for a short while, we decided to Reep them online, as an online audience was
expected to be bigger than an offline audience. Johnson Control Ricked off the
series of online lectures in September with an interesting presentation on their
OpenBlue platform, developed to evaluate the building performance. Van Hout
and Kilictix presented together in October, both focusing on the indoor climate.
As the presentation by Van Hout was specifically about the indoor climate in
schools, we had no other than Wim Zeiler as our special guest. These two first dinner lectures really fitted well in
‘quar[ile 1, as it connected to the course Intelligent Buildings. The first lecture of guartile 2 tooR place in November:
we got an introduction by Lada Hensen and Cristina Papachristou on the PDEng program “Smart Buildings and
Cities”, and an interactive presentation by ZRi, on the “Academie Tien"-building in Utrecht. We are really proud that
we managed to continue with these career related lectures, despite the pandemic and are glad that so many people
are enjoying them.

VOORT WORKSHOP, ONLINE JOB APPLICATION
On the 30th of September, Voort invited us for a training in (online)
job applications. The workshop was given by Sam and Carlyn from
Voort. They treated us with some important tips and tricks, and do's
‘ and don't regarding the online job application process: how to prepare
(make sure to ask questions!), how to dress (even if it is online) and
how to act (have an active attitude). Overall, the training was very
helpful, and we’d like to thank Voort, and especially Sam and Carlyn,
for organizing it with us!

PUMPKIN CARVING
October 31 is Halloween, and Richard couldn’t neglect this special day. He didn’t want to shout trick and treat at the
doors and he also had no desire to dress up in order to frighten people. Richard wanted to organize an activity and
carve a pumpRin together with the members of Mollier, and create some pleasant, beautiful or frightening creations.
A pumpRin was brought by everyone that participate in this activity. After a while of careful thought, the great ideas
were drawn on the pumpRin, and the carving began. With a sharp Rnife the creative ideas, drawn on the pumpRin,
could be cut out of the pumpRin. This went smoothly and everyone remained unharmed, even the member who
dared to sit, in his orange sweater, next to someone who was cutting the orange pumpRin. While everyone was
busy with his or her creation a drill suddenly passed by. The drill was used to create holes into the pumpRin to give
the pumpRin some special effects when lighted. At the end of the activity various sweet, beautiful and frightening
pumpRins arose, especially when lighted in the dark room.

mm @ == =z @
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4. Mollier's education officer, the event brought together a group of

LATEX WORKSHOP

Education for students; by students! One of Mollier's Rey
principles is to share Rnowledge within the community. Following
last year's workshop initiative, we organized an educational
evening on academic typesetting using LaTeX Hosted by Eugene,

motivated students, both offline and online. We were excited to
see some new members from Building Physics and Services, as
well as students from Structural Engineering and Design. The
worRshop Ricked off with an introductory presentation, followed
by a practical hour where we explored the basics of LaTeX and
structured a report in real time. Halfway into the workshop,
Eugene ambushed everyone with a challenge that put their newly
acquired sRills to the test. By the end of the evening, everyone
was equipped with a report template that they could use during
their studies. We are hoping to see some beautifully structured
reports in the near future! This was a very fun workshop to host!
We are certainly looRing forward to what's coming next; and we
suggest that you Reep an eye out as well!

@ sabemit D History @ Chat

& e 1 Eugene's LaTeX werkshop # B Reiew | A e

Emt & Recompile

=l Figure_1.png

Part 1

K main.tex - -

S . Structuring a document
Masterproject |tex

1 Structuring a docoment

title{Eugene’s LaTex workshop)
author{Nora Kendrika Kuiper)
date(17 November 2020}

maketitle

neapage

~ File cutline

Structuring s document

MOLLIER PLAYS AMONG US

When the days started to become shorter and the weather
got colder, some Mollier members and Alumni gathered
online to play some intense games of ‘Who is lying?" Or,
in other words, who is the imposter? The game Among Us
certainly showed the stealth of some of our members, while
others tooR a turn to test their persuasion skills. In conclusion,
were |looRing forward to seeing some more amazing plays
on the next online game night!

RICHARD’S BIRTHDAY BINGO

Richard’s 157th birthday was celebrated on the 27th of November
with a bingo. The bingo was virtual but most gathered as much as
possible for the evening. With drinks and bites at the ready it was time
to explain the rules. From the start (nearly) everyone was concentrated
on the explanation. This was highly important to maRke sure you don't
have to sing a song as this is the habit for a false bingo. Even though
the tempo of the calls was speeding up no one had to show their
amazing singing talent. In the prize pool to play for were socRs, drinks
and coupons, something for everyone. These were awarded for the
first row and the full card. The winners were Kim, Maud, Marc, Julia,
Laurens and Meghana. With the drinks and bites disappearing steady
but smoothly the evening proved to be a very entertaining one.

NOVEMBER
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Developlng ambitions

Do you want to work on leading projects in a professional
organization? Together with its customers ABT develops
the buildings of the future!

We work on projects that matter. Think of the Boijmans
van Beuningen Depot, where we calculated the optimal
technical shape of the reflective facade. For House of Delft
our integral team was able to realize a solid, preliminary
design in three months’ time.

Knowledge development

What characterizes us is our curiosity, our eagerness to learn
and our passion for technology. ABT invests in knowledge
development and innovation. Building envelope engineering,
BIM, concept development, computational design, refurbish-

ment, parametric design and AR: we apply it all in our projects.

www.abt.eu

Building zero impact

With all the engineering disciplines under one roof, ABT can
offer - through our integrated design approach - an optimal
mix of sustainability measures in the field of energy, water
and materials. The result is a healthy building for the user.

Are you looking for a suitable internship or graduation
assignment for the new academic year? Let us know your
ultimate challenge! We are happy to get to know you
and are curious to see if you are the perfect fit for our
team in Delft, Enschede or Velp.

On www.abt.eu you can find our current internship- and
graduation topics. We look forward to seeing your applica-
tion.

3 FEBRUARY - 23 FEBRUARY - 24 FEBRUARY
- 25 FEBRUARY - 3 MARCH




CREATING A SUSTAINABLE
FUTURE TOGETHER!

Wie zijn we?

Van klimaatverandering tot razendsnelle verstedelijking.
Onze wereld wordt steeds complexer. De ruimte in steden
moet optimaal worden benut en onontgonnen land moet
bewoonbaar worden gemaakt. Juist op deze terreinen
creéren wij buitengewone en duurzame oplossingen.
Onze mensen werken gezamenlijk aan het creéren van
meerwaarde door gebouwde en natuurlijke elementen
naadloos in te passen in hun omgeving. Van winkelcentra
in Shanghai tot een nieuwe metro in Doha en het
terugdringen van luchtvervuiling in Los Angeles. Arcadis.
Improving quality of life.

Feiten en cijfers

Actiefin meer dan /O landen

27.000 werknemers
Opgerichtin 1888
Hoofdkantoorin AMSterdam

Kantoren in + 40 tanden
Meer dan 350 kantoren

Duurzaamheid

Of het nu gaat om het duurzaam optimaliseren van

de ruimte in de stad of het beschikbaar houden van
(natuurlijke) grondstoffen in het productieproces, Arcadis
behaalt uitzonderlijke en duurzame resultaten voor

haar klanten. Het is onze passie om de kwaliteit van de
leefomgeving duurzaam te verbeteren door waarde toe te
voegen op sociaal, economisch en ecologisch vlak.

Arcadis. Improving quality of life.

Infrastuctuur

Gebouwen
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Sweegers en de Bruijn

is op zoek naar jong talent!

Ben jij die nieuw stagiair, afstudeerder,

engineer, projectleider of adviseur?

Werk jij graag in technisch complexe projecten en zoek jij goede
ontwikkelmogelijkheden passend bij jouw skills en competenties, dan
komen wij graag met jou in contact!

INGENIEURS

SWEEGERS
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Hi everyone! My name is Sil and | am 21 years old. | live in
Eindhoven for about three years now, but every weekRend | go
home to my parents who live in a village called Gendt, nearby
Nijmegen. | went to the Montessori College in Nijmegen during
high school to finish a degree in VWO. During high school |
had absolutely no idea what study to choose. Due to my broad
interest in different fields, | chose Sustainable Innovation which
allows you to do many electives to broaden your Rnowledge.
| finished my bachelor Sustainable Innovation last year, and
| am doing a double degree consisting of the two studies
Innovation Sciences and Building Physics and Services. In my
bachelor, | was really interested in the BPS courses, but also
my program Sustainable Innovation interested me. Therefore, |
choose to do both master programs, which in my opinion really
fit together as sustainability is also an important concept in
the Built Environment, and especially in the Building Physics
and Services disciplinary. | hope to connect the two studies in
my master thesis in which | would like to focus on a project
both about sustainable innovations and building physics. In
my bachelor thesis, | focused on the potential of hydrogen
for mobility purposes in the Netherlands, which was quite an
interesting project. Connecting this with hydrogen use within
the built environment would be even more interesting to
consider during my masters.

ice Breaker
Sl Schaars

| have always played field soccer, but | joined Totelos last year
which is the futsal association. Unfortunately, our matches for
the coming weeRs are canceled due to COVID-19,and | am not
sure when we will be able to play again.

Another hobby, that | am not able to do due to this COVID-19
outbreaR, is traveling. | really enjoy discovering nature, the
sun, and the food of other countries (even though traveling is
not sustainable). In 2018 and the beginning of 2020 (before
COVID-19), I went to Gambia, Africa. These trips were very
interesting as you are confronted with poverty which is quite
shocking when considering we are born with so much luxury.
The way the Gambian lived was even more impressive, this
country is also called the smiling coast, which was definitely
the appropriate description of the country. There is not much
criminality and people are helping each other where they can,
and are satisfied with the life they have. The positivity and
satisfaction they have in their lives is an eye-opener to become
more satisfied with your ‘luxe’ life yourself.

One other thing | like to do, which is still possible nowadays,
is cooRing. | likRe to try new recipes and try meals without
meat, even though | am not a vegetarian | try to minimize the
amounts of meat consumption and try new meat replacements
or recipes without meat (so if you have a delicious vegetarian
meal, let me Rnow).

In the future, | would like to have a job that includes both the
theory from innovation sciences about sustainable innovations
and how to implement these, combined with the technical
aspects of building physics and services. Even though the
technigue could work optimally, society should still be willing to
implement such an innovation. And the other way around, even
though society is willing to invest in sustainable innovations,
the technigue should be developed first. | think having a
background in these two disciplines will help me to understand
the climate problems better, and | hope | can make a change. B
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NModifled Mixture
Designs for Self

Compacting Concrete

prof ar. 1. HJH. (Jos) Brouwers
Q (Oingliang) Vi, MSc
0r. A. (Armo), Keulen

INTRODUCTION

n the past two decades, it became
evident how the industrialization and
its speed are not sustainable for the
environment. To cover the building
sector's demand, a large quantity of
concrete is produced yearly, maRking it
the most used construction material
worldwide. As a major component of
concrete, large amounts of [Portland
cement are consumed for concrete
manufacturing, together with other
natural resources. About 15 tons of raw
materials are consumed for each ton
of cement produced and, for the same
amount, 120 - 160 RWh of energy is
necessary [1]. Moreover, according to data
from the US. Geological Survey, in 2017
the world production of Portland Cement
was approximately 4.2 billion tons [5]; as
reported by the World Business Council
for Sustainable Development, the
manufacturing of 1 Rg of cement clinker
generates around 0.87 Rg of carbon
dioxide [2] and it is estimated that the
emission of CO, for the production of
Portland cement clinkRer accounts for 7%
of the yearly total emissions [3] [4].

CRH is a worldwide leading company
for the production of building and
construction materials, mainly located in
Europe and North America. The company
manufactures and distributes a diverse
range of superior building materials and
products for use in the construction and
maintenance of infrastructure, housing
and commercial projects. Their materials
and products are used extensively, in
construction projects of all sizes, all
across the world. Structural Concrete
Belgium (SCB), a CRH Company, is
a market leader in Belgium and is
specialized in the production of high
quality prefabricated concrete elements,
e.g. facades and flooring.

The research regards prefabricated
facade sandwich panels produced
by SCB, which consists of various
material layers: inner concrete envelope,
insulation material and outer envelope.
The current mixture of concrete that
composes the sandwich  panels
consists mainly of raw materials: CEM
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|, limestone powder, coarse and fine
limestone, coarse and fine sand and
superplasticizer. This leads to a high
impact on the environment. Moreover,
the facade panels can sometimes
present crazing, that develops on the
surface at early age. Crazing can initiate
in both hardened and fresh concrete as a
result of volume changes. In this project,
the crazing is believed to be caused
by either shrinkage or thermal stress,
which will be the parameters under
investigation.

METHODOLOGY

he performance of concrete is greatly

affected by the type and degree of
pacRing of its constituents, the so-called
particle packing. The particle pacRing
can be optimized through a particle
packing model, an analytical model that
calculates the overall packing density
of a mixture based on the geometry of
the combined particle groups [5]. The
first step was, hence, to optimize the
particle packing model of the concrete
mixture used by SCB. The second step
was replacing Ordinary Portland Cement
(OPC) with CGround-Granulated Blast-
Furnace Slag (GGBS). This can have both
technical and environmental benefits. In
total, six mixtures were produced. The
first, MO, is the one used by SCB. The
second mixture, MI, is the optimized
mixture according to the particle packing
model, Reeping the same ingredients as
MO. For M2 and M3,10 and 20% of CEM |
was substituted with GGBS, respectively.
For M4 and M5, 22 and 44% of CEM I is
substituted with CEM 1.

The research qguestions are therefore
two, divided based on technical and
environmental aspects:

A. What is the optimum mixture design,
replacing Portland cement with different
Supplementary Cementitious Materials
to overcome cracking and, at the same
time, maintain required final concrete
performance?

B. What is the environmental benefit of
an optimized mixture design compared
to the reference mixture?

2020-2021 #1

The resulting mixtures were tested both
in fresh- and hardened-state. As for
the fresh-state, the parameters under
investigation are density, slump-flow
and V-funnel flow time; for hardened-
state concrete, compressive strength,
autogenous shrinkRage, drying shrinkage
and crazing investigation under high
temperature were performed. Moreover,
a Life Cycle Assessment was performed,
in order to assess the environmental
impact of each mixture. For this study,
two indicators are considered: embodied
energy (EE), that refers to the sum of
all the non-renewable energy required
to produce any goods or services,
and Global Warming [Potential (GWP),
which is the emissions released by
mankRind. Moreover, the Environmental
Cost Indicator (ECI) was calculated. The
ECI summarizes all the environmental
effects on one score and it weights all
the relevant environmental impacts that
arise during the lifecycle of a product and
represents the environmental shadow
price of a product or project, from cradle
o grave.

RESULTS AND DISCUSSIONS
TECHNICAL PERFORMANCE

FRESH STATE DENSITY

he density of each mixture was

measured at fresh-state. The density
target according to SCB is between
2390 and 2490 kRg/m?. The reference
mixture MO has a density of 2440
Rg/m3. When the particle packing of
a mixture is optimized, the density is
higher, which is shown by the optimized
mixture MI, whose density is 2459 Rg/
m3. When slag is added in a mixture, the
concrete density is generally lower. As
shown in Figure 1, M2, M3, M4 and M5
have lower density compared to MO and
M1, with 2434, 2430, 2393 and 2417 Rg/
m?3, respectively.

SLUMP FLOW AND V-TUNNEL TIME

Slump flow is used to assess the
flowability and the flow rate of Self-
Compacting Concrete. The slump flow
of concrete mainly depends on the
amount of superplasticizer (SP) in the
mixture. As Figure 2 shows, a mixture
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Figure 1. Densities of tested mixtures

M5

M4

M3

500 550 [aals]

650 700 750

Slump-tlow [mm)]

Figure 2. Results of slump flow tests for different mixtures
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Figure 3. Results of V-tunnel time, tested for different mixtures

with a higher amount of SP have a higher
slump flow, while mixtures with lower SP
have a lower slump flow: MO and M],
which SP content is 490 and 4.82 Rg/
m?3, have a slump flow of 730 and 700
mm, respectively. M2 and M3, which SPP
content is 502 and 5.00 Rg per cubic
meter, have a slump flow of 715 and 725
mm, respectively. Finally, M4 and M5,
which SP content is 3.95 and 3.94 Rg per
cubic meter, have a slump flow of 680
and 650, respectively.

V-funnel time is used to assess the
viscosity and filling ability of Self-
Compacting Concrete. Generally, for
this type of concrete, a flow time of 10
seconds is considered optimal. The
results of the V-funnel flow time test is
depicted in Figure 3. MO, M1, M2, M3 and
M5 have similar results, with 12,13, 12, 11
and 10 seconds, respectively. M4 has
a very high flowability, with 4 seconds.
Superplasticizer and water have a close
relation in the workability of mixtures. MO,
M1, M2 and M3 have good workability,
both in slump flow and V-funnel. M5 have

a good V-funnel value. nevertheless, the
slump flow is abundantly lower than the
target of 700 mm. M4 has an excessive
flowability and a very low value for
slump flow. By adjusting the water and
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SP content of these two mixtures, good
results for both slump flow and V-funnel
can be achieved.

HARDENED STATE
COMPRESSIVE STRENGTH

he development of compressive

strength of the different mixtures is
shown in Figure 4. At the age of 1 day,
the highest compressive strength is
given by MI, the optimized mixture. The
second highest compressive strength is
given by MO. As expected, the mixtures
with slag content, M2 to M5, have a lower
compressive strength at early age, with
decreasing strength when the amount of
slag increases.

However, changes are noticed on day
28. The compressive strength of M2, M3
and M5 increases respectively, by 17%,
13% and 20% compared to day 7. On the
contrary, the compressive strength of MO
and M1 have a lower gain, with 9% and
12%, respectively. When PC reacts with
water, it forms calcium silicate hydrate
(CSH) and calcium hydroxide Ca(OH)..
CSH is a glue that provides strength to
the concrete and holds it, while Ca(OH),
is a by-product and does not contribute
to the strength of concrete. When slag
is used as part of the cementitious
constituent in concrete, it reacts with
water and Ca(OH), to form more CSH gel
and increases the strength [6]. Since the
pozzolanic reaction is slow and depends
on the calcium hydroxide availability,
the strength gain takes a longer time for
the GGBS concrete [7]. In general, the
results show that, for early strength, the
mixtures containing GGBS have a lower
compressive strength.  Nevertheless,
at a later age, the mixtures with GGBS,
namely M2 to M5 gain more strength
compared to MO and MI.

DRYING SHRINKAGE

Drying shrinkRage refers to the reduction
in concrete volume and is caused by the
evaporation of internal water in hardened
concrete. The drying shrinkage was
measured on  400xI00xI00  mm?
specimens by means of a length

0 I|I II “‘ || |“ “ ||| “
1 3 7 28

M3 EM4 mM5

Figure 4. Compressive strength of the six different mixtures at Day 1,3, 7 and 28
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Figure 5. Drying shrinkage for different mixtures

comparator, for 25 days. The results of
drying shrinkage are shown in Figure 5.
The mixture that shows the highest value
of shrinkage is the reference mixture
MO. The best performing mixture is the
optimized mixture M1. When the particle
packing of a mixture is optimized, in fact,
the drying shrinkage is reduced, since it
is roughly proportional to the volume of
cement paste in the concrete [8].

The drying shrinkage of concrete
is affected by the type of materials
used in the mixture. According to the
literature, when cement is replaced by
GGBS, the drying shrinkage increases
[9]. As shown in Figure 5, the optimized
mixture Ml has the lowest shrinkage
among the six mixtures. When part of
cement in Ml is replaced by GGBS, the
drying shrinkRage increases. M2 and M3
show higher shrinkage compared to Ml
and the higher the GGBS content, the

higher the shrinkage. M4 and M5, also
show higher shrinkage compared to MI.
However, in this case, the mixtures with
a higher amount of slag, M5, has lower
shrinkage, compared to M4.

AUTOCENEOUS SHRINKAGE
Autogenous shrinkage refers to the
reduction of apparent volume or length
of cement-based materials under
sealed and isothermal conditions. The
autogenous shrinkage was measured on
400x100xI00 mm?® sealed specimens
by means of an electronic displacement
transducer; thermocouples were used
0 measure the temperature change.
The autogenous shrinkage test was
performed for 18 days.

As shown in Figure 6, during the first day
of measurements, the three mixtures
have a similar autogenous shrinkage.
Between day 2 and day 6, the lowest

Autogenous Shrinkage
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Drying shrinkage (109)

-100

-200

10 15 20

Time (days)

— MO0

Figure 6. Autogenous shrinkRage in the mixtures.
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autogenous shrinkRage is shown by MO,
followed by M3 and M2, which shows
slightly higher shrinRage. After the 6th
day of measurements, the autogenous
shrinkage of M3 increases substantially,
becoming the mixture with the highest
shrinkage among the three. MO and M2
show a similar shrinkage curve, with MO
presenting slightly less shrinkage. The
highest autogenous shrinkage of M2
and M3 compared to MO is given by
the fact that when cement is replaced
by GGBS in a mixture, the autogenous
shrinkage increases. Generally, the
higher the content of GGBS, the higher
the autogenous shrinkage [10]. The
specimens for MIl, M4 and M5 were
improperly sealed, hence the results
could not be considered.

CRAZING INVESTIGATION

To investigate which mixture has a better
performance in terms of crazing, the
specimens were heated in a furnace
at 200°C, and the crazing patterns on
the surface were analyzed. In order to
reduce crazing, Portland cement was
replaced by slag. When slag cement is
incorporated in a concrete mixture, less
heat is generated, and thermal stress is
reduced. As expected MO, the reference
mixture, shows extensive crazing on the
whole surface of the cylinder, with closed
pattern and thicR lines.

By optimizing the reference mixture,
crazing becomes less evident, as shown
by mixture MI. The crazing has an open
pattern, thinner lines and covers the
surface of the cylinder only partially.

M2 and M3, which replace CEM | in the
mixture by respectively 10% and 20%,
both show minimal crazing, concentrated
in a few areas, with a narrow pattern and
very thin lines.

M4 and M5, which replace CEM | in the
mixture by respectively 22% and 44%,
hence have a slag content of 10% and
20%, also show little crazing, only in
delimited areas (Figure 7).

ENVIRONMENTAL PERFORMANCE
EMBODIED ENERGY

O has the highest value for EE,

caused by the high amount of CEM
| in the mixture. M1 shows the benefits
of the particle packRing optimization:
by lowering the amount of CEM |, the
embodied energy is lower compared
to MO. M4 and M5 follow, where the
combination of CEM | and CEM I
increase the embodied energy. The
lowest values for EE correspond to M2
and M3. For both mixtures, part of the
CEM | content was replaced with GGBS,
which has an embodied energy equal to
32% of the embodied energy of CEM |
(Figure 8).

GLOBAL WARMING POTENTIAL
The highest impact regarding CO,
emissions is given by MO. The reference



Figure 7. Crazing on the cylinders after being heated to 200°C

Embodied Energy

il

Mo M1 Mz M3 M4 M5

1900

1800

1700

EE (M]/kg)

1600

1500

Figure 8. Embodied energy for different
mixtures

mixture, in fact, has the highest content
of CEM | that, according to the LCl, is
the materials with the largest impact on
Global Warming Potential.

The second highest value corresponds
to the optimized mixture, MI; this mixture
has less CEM | content compared to
the reference mixture, hence the lower
value. M4 has the third-highest value;
despite this mixture having a lower SP
content compared to M2 and M3, the
combination of CEM | and CEM Il makes
the GWP higher. Followed by M2, M5 and
M3, which contain the highest amount of
by-product, lowering the carbon footprint
of concrete.

It can be noticed, nevertheless, that
having the same amount of slag results
in similar GWP values: M2 and M4 have
similar results, as well as M3 and M5
(Figure 9).
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Figure 9. Global warming potential

ENVIRONMENTAL COST INDICATOR

The Environmental Cost Indicator
results follow a similar trend to the
Global Warming Potential. The highest
ECI value is displayed by MO. As for
GWP, MO has the highest content of
CEM | that, according to the LCl, is the
materials with the largest EC| value. The
second highest value belongs to MI. This
mixture contains less CEM | compared

Environmental Cost Indicator
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Figure 10. Environmental cost indicators of
different mixtures

to the reference mixture, hence the
lower value. M4 has the third-highest
value. Despite this mixture having a
lower SP content compared to M2 and
M3, the combination of CEM | and CEM
Il makes the ECI higher. Following M2,
M5 contains the highest amount of by-
product, which lowers the overall impact
on the environment (Figure 10).

CONCLUSIONS
he two research questions can,
therefore, be answered as follows:

A. Among the six mixtures, M2, which
contains 10% GGBS, provides the
best results. The high temperature
investigation shows very little crazing
compared to the reference mixture
MO; the compressive strength on day
1 is slightly lower than the one of MO,
but at the 28" day it becomes stronger.
M2 shows 16% less drying shrinkage
compared to the reference mixture
and lower water absorption during the
first six hours. M3 also provides good
results. It shows very little crazing and
the compressive strength is good at day
1. The drying shrinkage of M3 is 15% than
that of MO, and it absorbs 44% less water
than the reference mixture. M4 and M5
do not reach the minimum target for
slump flow during the fresh state, which
is fundamental for Self~-Compacting
Concrete.

B. The optimization of the reference
mixture leads to environmental benefits.
After the mixture is optimized, the
CEM | content is lower, which leads to
a lower impact in terms of embodied
energy, lower carbon emission and net
freshwater usage. The replacement of
CEM I with Supplementary Cementitious
Materials is the Rey to further lower
the environmental impact of concrete
mixtures. SCMs materials like limestone
powder and GGBS have a lower energy
and carbon footprint, being by-products
of other industrial activities. M2, M3,
M4 and M5 all show environmental
benefits regarding Embodied Energy,
Global Warming Potential and overall
Environmental Cost Indicator. ®
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Cities are becoming denser. We build
more and more high-rise buildings, but
these buildings typically induce high
wind speeds on pedestrian level. As such,
high buildings can reduce pedestrian
wind comfort and the attractiveness
of an entire neighborhood, but they
can also lead to dangerous situations,
especially for elderly or physically
vulnerable people. Therefore, it s
important to reduce high wind speeds in
public spaces.

In many places, governments and
municipalities are starting to understand
the important influence wind can have on
the quality of life in our cities. However,
we now see that wind assessments are
mainly used to study existing problems.
If assessments are performed in the
design phase, they are mainly used to
check the impact of a single building
or project, when the design is almost
finalized.

Wind is a large-scale phenomenon, and
therefore it should be taken into account
on a large scale in a city. This means
that wind effects should not be studied
or solved on a building level, but in an
entire area or neighborhood (see Figure
1). Moreover, it is important to study the
impact of a new development already in
an early phase, while it is still possible to
change building volumes, the landscape
design or the orientation of buildings and
streets. In a later phase, when the design
of each single building is almost ready,
a final checR for pedestrian wind comfort
can be performed and possible issues
can then be mitigated with smaller
measures likRe adding vegetation or small
canopies or screens.

Al Actiflow, we advise governments as

follows:

1. Assess the impact that wind has in
your city, but also looR at other aspects
likRe shading, sound, heat islands,
mobility, air pollution, etc.

2.Determine the critical areas in the
city, and consider how the challenges
can be solved on a large scale (egq.
open up or densify the urban texture,
introduce parks or other landscape
elements, determine where high-rise

INntegrating Pedestrian
Wind Comfort In

Early Design Process

Eric Terry
Managing director of Actiflow

Figure 1. IIIustrati(;n ofs.[reamline‘s. indicating the path of the wind

buildings can be allowed, determine
the orientation of important streets
and corridors, etc.).

3.Determine which quality standards
you want to achieve, depending on the
local function of the public space.

4. Translate the large-scale solutions
and quality requirements into practical
guidelines and codes for developers
and architects: which building volumes
are allowed, how to orientate the
volumes, whatis the maximum building
height, where to place entrances or
private outdoor spaces, and how to
prove that a building design meets the
requirements.

If good guidelines and rules are in place,
developers and architects can check
their concept designs for compliance.
By involving wind assessments during
the design process, possible local issues
can be identified in an early phase and
the impact of a design modification can
easily be assessed. When the building

Table 1. Definition of wind hindrance classes

2020-2021 #1

design is fixed, a final check can be
performed to show compliance with the
norms set by the government.

CASE STUDY
Actiflow performs around 100 studies
per year to advise governments,

architects and developers about wind in
the urban environment. An example of
a wind study as performed by Actiflow,
is the wind study for the Amstel Ill area
in Amsterdam, performed according to
the Dutch NEN8IOO norm, using CFD
computer simulations.

In @ CFD study, a three dimensional
computer model is built of a part of a city,
and OpenFOAM is used to simulate the
wind behavior in the entire city area for
varying wind directions. The simulation
results are then combined with the local
wind statistics, in order to produce maps
with local wind hindrance classes and
local wind danger classes.
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The wind hindrance classes are defined
by the probability of exceeding a local
wind speed of 5 m/s. From a functional
point of view, the wind classes describe
whether a certain location is suitable
for “staying for a long period in time”,
"strolling” or “walking through” (see Table

1)

To determine the risk for wind danger,
the NEN-8100 norm looRs at the
probability of exceeding a local wind
speed of 15 m/s.

BACKGROUND

Amstel Il is an area of approximately
1 Rm? at the south-east of Amsterdam.
Currently, the area is mainly occupied
by offices. The average height of the
current buildings is roughly 25m, and
the buildings typically have a square
footprint (see Figure 2).

The municipality of Amsterdam has the
desire to transform this area into a lively
urban district with mixed residential,
office and recreational use. Between
now and 2027, roughly 5000 new
houses will be realized, together with
shops and new office spaces. Obviously,
the municipality also envisions a
comfortable outdoor space in this area.

To realize the goals of the municipality,
a significant amount of building volumes
will be added to the area, leading to the

introduction of high-rise buildings and a
denser urban fabric. In the early planning
phase, the municipality wanted to kRnow
if this increase in building volume would
lead to problems concerning wind.

RESULTS

In Figure 3, the wind hindrance map is
shown for the simulated area. The results
are shown in a cross section which is
1.75m above ground level.

In the map, it can be seen that there
are several significant regions of wind
class D and E, which have to be avoided
in public areas. An important reason
for these problematic areas is the
orientation of the existing street plan. A
large part of the streets is straight and
SW-NE oriented. As the dominant wind
direction in the Netherlands is SW, the
wind from this direction can accelerate
along the streets and cause problems at
the corners of several buildings.

A second reason is the addition of high-
rise buildings. The wind that flows over
the older (lower) buildings hits the fagcade
of the high-rise buildings and then
causes wind hindrance on pedestrian
level through the downwash effect.

On the other hand, there are also enough
regions with wind class A and [B, which
are perfectly suited for outdoor sitting
and outdoor activities.

RECOMMENDATIONS

Based on the results of the wind study,

the following recommendations are

formulated:

+ As the dominant wind direction is
SW, it is advisable to have rather low
buildings in the SW part of Amstel |lI,
and to slowly increase the maximum
height of the buildings towards the NE.

+ Critical buildings should be placed on
a plinth or should have canopies that
reduce the effect of the downwash on
pedestrian level.

« Preferably, buildings should not be
placed in a square grid, but rather in an
irregular pattern, to avoid accumulation
of wind from the SW.

» Design the public space as much
as possible in accordance with the
governing wind classes.

+ MakRe use of natural elements liRe
trees, hedges and other vegetation
to break down the wind as much as
possible.

Based on this study, the city of
Amsterdam formulated guidelines and
requirements for real estate developers
in the Amstel Il area. Each developer
now has the obligation to prove in an
early design phase that the design of
their building(s) meets the requirements
in terms of wind comfort. This is where
CFD or Actiflow helps managing
pedestrian level comfort in the built
environment. |

Figure 2. Overview of the Amstel lll region near Amsterdam
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The Design of @
Circular Bio-based

Alr Handling Unit

Author
L/ (Anne) Offermarns, 5Sc

INTRODUCTION
uildings are globally responsible for around one third of
the energy use, half of the material consumption, and one
third of the greenhouse gas emissions [1,2]. An efficient way to
increase sustainability is to close the material loop and to adapt
a circular approach for used and bio-based materials. Building
installations have a high operational and material impact within
the built environment. Within this research, the possibility to
decrease the environmental impact of HVAC systems has
been explored by applying a circular strategy [4].
The research question within this research was:
How can a circular bio-based HVAC system be designed to
reduce the life-cycle energy of HVAC systems?
Within this research, an Air Handling Unit (AHU) was analyzed,
as these material intensive systems are used vastly within
large buildings.

METHODOLOGY

he research started with a problem analysis, showing a need

for a circular bio-based AHU. Afterward, a case study was
performed to determine the elements withinan AHU which have
the highest Embodied Carbon (EC). Three different concepts
have been developed for these three elements. This has been
done with the methodical design methodology [3]. Thereon, a
Life Cycle Analysis has been performed for the current design
of the three elements, a recycled version of the three elements,
and the new designs of the three elements. Then, a conclusion
was drawn whether the new circular bio-based variants of
the elements were an improvement compared to the current
system.

CASE STUDY

V\/ithin the case study, the AHU of Kropman Breda has been
used as a reference. Within the AHU, the heat recovery,

cooling and the cabinet itself have the highest EC, of 32%, 21%,

Figure 1. The LCE of the different concepts

Supervisor
Frof i W. (Wirm) Zeller

Table 1. Overview of the improved design concepts

Option 1 Option 2 Option 3
Type Post & Beam Post & Beam Post & Beam
Corner materials Recycled plastic PLA - waxed PLA - waxed
g Insulation Aerogel Rockwool Hemp
8 Finishing PLA - waxed Wood Compressed hemp
- Option 1 Option 2 Option 3
% Type Horizontal flat panel | Condensation wheel Rotary wheel
% Recovery material Recycled plastic Aluminum PCM
% Surrounding material | Recycled plastic Recycled plastic Recycled plastic
Option 1 Option 2 Option 3
Type Evaporative cooling | Adiabatic cooling Cooling coil
%ﬂ Cooling material Excelsior Corrugated cardboard | Recycled plastic
8 Surrounding material | Recycled plastic Recycled plastic Recycled plastic

and 14% respectively. This is mainly due to the high amount of
aluminum used, accountable for around 50% of the total EC.

DESIGNS

he designs have been developed with the help of a

morphological overview. A focus was put on the basic
principle of the elements, combined with the materials which
needed to be used. The different design options were evaluated
with the help of the Kesselring method [3] and improved, with
the help of two stakeholders. The improved design options can
be found in table 1. From this, it was concluded that the third
options were every time the best design option.

LCA

n order to check whether the new designs were an
improvement compared to the original system, an LCA was
performed. Figure 1 gives an overview of the results of the Life
Cycle Energy (LCE). From this, it was concluded that the new
systems of the heat recovery and the cooling would be an
improvement. However, the new version of the cabinet did not
improve sustainability due to the increase in material use.

CONCLUSION

0 conclude, the possibility to develop a circular bio-based

AHU was explored. The research showed that it was not
possible to develop a fully bio-based AHU due to the properties
of the bio-based materials. However, by designing a AHU with
a cabinet of recycled materials, a PCM heat recovery, and a
recycled plastic cooling coil, the Life Cycle Energy could be
reduced by 25%. This shows the potential of creating a circular
bio-based AHU. B

[1] de Klijn-Chevalerias, M., & Javed, S. (2017). The Dutch approach for assessing and reducing environmental impacts of building materials.
Building and Environment, 111, 147-159. https://doi.org/10.1016/].buildenv.2016.11.003

[2] Rautray, P, Roy, A, Mathew, D. J, & Eisenbart, B. (2019). Bio-Brick - development of sustainable and cost effective building material.
Internation Conference of Enegineering Design, (ICEDI9), 5-8. https://doi.org/10.1017/dsi.2019.324

[3] Zeiler, W. (2017), Design Handbook. Noordhoff Uigevers bv, Groningen. ISBN 978-90-01-88806
[4] Offermans, J.J. (2020), The Design of a Circular Bio-Based HVAC system, Circular Design Project, TU Eindhoven
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ONZE EXPERTISES: We zijn een ingenieurs- en adviesbureau op het gebied van
> Bouwakoestiek bouw, ruimte en milieu. Met ruim 100 medewerkers zijn we
> Bouwfysica groots in professionaliteit én klein genoeg voor persoonlijk

> Brandveiligheid contact en hechte klantrelaties.

> Duurzaamheid

> Energie

> Gebiedsontwikkeling
> Geluid en trillingen

Onze cultuur? We werken in een informele setting en vinden
het belangrijk dat je het bij ons naar je zin hebt. Dus: vrijheid,
verantwoordelijkheid, uitdagende projecten met volop

doorgroeimogelijkheden en aandacht voor de balans tussen

> Milieu werk en privé.

> Projectregie

> Rentmeesters Ook fijn: ons kantoor ligt op fietsafstand van Utrecht. Wil je
> Ruimtelijke ordening meer weten? Kijk dan op onze website.

STAGE LOPEN, AFSTUDEREN OF WERKEN?
Onze deur staat altijd open voor stagiairs, afstudeerders,
trainees en juniors. Heb je interesse in een stage of
afstudeeropdracht bij ons? Of zie jij jezelf bij ons carriere
maken? Bekijk dan onze website voor de mogelijkheden en
vacatures! En mail ons gerust: info@lbpsight.nl.
Kelvinbaan 40

Volg ons en blijf op de hoogte van onze vacatures: 3439 MT Nieuwegein
030-2311377

n , in www.lbpsight.nl

De installatieadviseur voor duurzame en gezonde gebouwen

KLICT=T

Brengt techniek tot leven.
www.klictet.nl

Klictet is het innovatieve installatie adviesbureau dat altijd een stap verder gaat.
Daarom zijn wij continu op zoek naar gemaotiveerde medewerkers en stagiairs die
ons team Runnen versterken en samen met ons die stap verder willen zetten.

Je krijgt bij ons een gevarieerde baan in een ambitieus team met prachtige
projecten in opdracht. De sfeer is informeel en er is veel vrijheid en flexibiliteit.
Doorgroeimogelijkheden zijn er volop en we stimuleren het volgen van aanvullende
opleidingen. Interesse geweRt? Wij nodigen je graag uit voor een vrijbliivend
gesprek in ons prachtige nieuwe pand aan de Schijfstraat 12 in Oisterwijk.



| was asked to give you all a bit of inside
information on what | am working on
lately. For those of you who want to
Rnow who is writing this: | am a village
girl (born in America the Greatest, 40 Rm
east of Eindhoven), | studied at the TU/e
for 7 years, of which | was part of Mollier
the last 4. Finally, | left the university
with two master's degrees, which is
already 25 years ago, | just realized. |
started worRing at De Groene Grachten
right away. We are an engineering/
consultancy company with expertise
in retrofitting historical buildings, and
we show every day how our building
heritage can be sustained whilst fighting
against climate change. Yeah, | really just
wrote that, and believe it or not, we truly
serve this goal.

Sustainability s actually my main
guideline. For example, last year
September | started a new adventure:
moving to the 'big’ city of Amsterdam
and makRing sure my central city
apartment would be natural gas free
by 2020. Probably you are wondering:
why so? And what is so special about
this? Let me tell you a bit more. Since
2019 there are a bunch of non-profits,
companies, and researchers working
together in the so-called foundation The
Green Light District’ (GLD). Of course,

Alumni at Work:
Green Lignt District

Author
IR i) Vervoort

this is more than just a nice pun. Namely,
this bottom-up approach is transforming
the populous and most visited square
Rilometers in Europe into a future-proof,
sustainable, and climate adaptive icon of
Amsterdam. We show how the energy
transition works in the most difficult
part of Amsterdam: the historic city
center where | livel The foundation has
formulated lots of different pilot projects.
Perhaps a couple of you are already
familiar with the projects we run (most
liRely if you are connected with me on
socials). Nevertheless, | would like to give
you a bit more inside information!

PILOT PROJECTS

\/\/ithin this foundation, my company
— De Groene Grachten — has an

important role in 5 projects:

1. Sustainable canal house: The
sustainable canal house is the
birthplace of the entire GLD project.
This house has been neglected for
years and is located in the middle
of  coffeeshops, tacky tourist
shops, and of course red lights.
This house is actually a national
monument, dated from 1733 with an
extraordinary decorative door piece
of ‘Admiraal Tromp’. Here, the vision
was born to transform this hopeless

pile of bricks into an innovative and
iNspiring sustainable hub to support
and stimulate locals to create a
sustainable  living  environment.
Next year, 2021, the implementation
phase will start.

Sustainable shopping street: Pre-
Covid 19, the city center was one
of Europe’s most visited tourist
attraction. Even though this image
might change after Covid-19, we
still want to make a statement by
showing visitors how shops are
becoming sustainable and spread
awareness at the same time.

Sustainable building block:
Sometimes you forget it whilst
walking around in this area, but
above pedestrian level there is more
life than meets the eye, real people
are living there too. Since an entire
building block entails many different
functions, there is lots of potential
to exchange energy, but most of
all, to create a collective sustainable
energy source.

Sustainable quays: The restoration
of the guays will probably go down
as one of the most complicated and
expensive challenges for the city of
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Amsterdam. It's not only a challenge,
it's also a possibility for creating new
sustainable energy sources! We
maRke way for entering innovative
technigues within the restoration
programs.

5. Sustainable rental apartments: Last,
but not least, two rental apartments
have been selected as a case
study to replace the gas boiler
(heat pump vs. infrared). This is
mainly an experiment for real estate
owners to find out which measures
are necessary, how the process
worRs, and what is required from
the tenants. So when | got the offer
to serve as a guinea pig, | couldn't
resist.

NATURAL GAS FREE
APARTMENTS

ntil September 2019, | was still

traveling back and forth between
Eindhoven and Amsterdam, telling
myself the traveling was not that bad
and Eindhoven was the place to be. |
was not able to accept | was no longer a
student in this city, but how could | resist
the unigue offer of an apartment in the
middle of Amsterdam'’s city center? The
only requirement (besides paying the
rent) was becoming an ambassador for
the first natural gas free apartment of

the rental company by supporting the
process, blogging about my experience
and collecting data. | got a new heating
system: the natural gas boiler was
swapped for a heat pump and my
radiators were replaced by convectors.
Sounds simple right? For us maybe,
though there are lots of people who
wouldn’t know where to start, let alone
have the energy to make it work. And this
is exactly the point of why we are doing
this: showing that it is possible to make
an apartment in a monumental building
future-proof.

Personally, | really enjoyed the process
even though it was for sure not without
setbacRs. For example, one month | was
without heating due to bad planning,
which was actually the best setting for
throwing somewhat of a housewarming
in January (a few alumni might remember,
ornot).Plus,llearnedtotake cold showers,
which incredibly enough, | am still doing
every 1 out of 4 showers. Perhaps | am
overdoing this sustainability crusade a
bit, though for me it's like a game to live
the best sustainable life by pushing the
boundaries.

WHAT ELSE?!
he GLD project is definitely not the
only thing that is Reeping me busy.
Actually, that part is almost like a hobby.

Forwork, I am currently involved in about
15 different projects, varying from drawing
sustainable  roadmaps, determining
condensation risk with post-insulation,
supporting permit processes, selecting
contractors and installers, and getting a
grip on circularity for heritage buildings.
Besides worR, | am part of an advisory
committee of a so-called Farm Fund (het
boererijenfonds). This fund was brought
to life to preserve and renovate historic
farmhouses whilst improving the quality
of life on the countryside. And guess
what, | am representing sustainability
during our assessments.

Next to all this, | feel the urge of being
connectedtopeopleand|feelresponsible
for preserving the body of thought from
my time with Mollier. Therefore, | am
part of the alumni board: Schoone Leij.
Shamefully enough, our current board is
a bitlackRing behind in facilitating drinking
opportunities. Though we do have this
awesome excuse: Covid-19! I'm not sure
if this really makes me feel any better.
Alright, I've told enough about myself.
Now | would like to find out what you all
are doing. What do you think? Maybe we
should follow Mollier's example and get
this Schoone Leij thing going digital”! |
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SIMONIS

ADVISEURS INSTALLATIETECHNIEK

‘Juist de afwisseling tussen

klantcontact en duurzame Als adviseur bij Valstar Simonis houd ik mij bezig met het
_ ib organiseren van projecten, zoals het aansturen van teams en
teCh nOIOgle maakt het Werken blj het overleggen met onze klanten, maar ook met het maken
van ontwerpen. We helpen onze opdrachtgevers dagelijks met

VaIStar SIITIOHIS enorm bOEiend-’ het ontwikkelen van duurzame, gezonde gebouwen waarin

hun medewerkers, studenten of patiénten zich prettig en
comfortabel voelen. Zo was ik bij de renovatie van het gebouw
Atlas op de TU/e campus eindverantwoordelijk voor het
ontwerp van alle installaties.

| .': Ir.|Peter van Mierlo |
[ | (N | g |

Na 8 jaar bij Valstar Simonis blijf ik mij nog elke dag
ontwikkelen. Er is veel aandacht voor persoonlijke ontwikkeling,
waarbij het belangrijk is dat je kunt groeien in de dingen die
leuk vindt. Je merkt ook dat er naar je ideeén wordt geluisterd
en krijgt de kans om die ideeén uit te proberen.

Valstar Simonis is een advies- en ingenieursbureau op
het gebied van duurzaamheid, comfort en veiligheid in
gebouwen. Gevestigd in Rijswijk, Apeldoorn, Eindhoven,
Amsterdam en Groningen.

Check onze vacatures en/of stageplekken op:
valstar-simonis.nl/werken-bij

~_ ProjectAtlas
TU Eindhoven —

valstar-simonis.nl ¥ in

adviseurs en installateurs

Je kunt er ook voor zorgen dat alle neuzen de goede kant op wijzen.

Maak kennis met de wereld van Van Hout adviseurs en installateurs. Waar je ruimte hebt om te
experimenteren. Het contact met collega’s, vakgenoten, klanten en stakeholders jou volop inspiratie
geeft. En we met trots samenwerken aan innovatie. Want betrokkenheid is 6nze grondstof voor de
transitie naar een duurzame samenleving.

Vandaag is de perfecte dag voor verandering!

Voel je je verantwoordelijk voor de wereld waarin we leven? Denk je na over lange termijn doelen
versus korte termijn belangen? Wat gebeurt er als je buiten de kaders denkt? En hoe vertaal je
inzicht naar praktische oplossingen? Bij Van Hout telt jouw drive. Want wil je onderscheidend en
geloofwaardig zijn, moet duurzaam denken in je DNA zitten.

Kijk op van-hout.com en geef jouw carriére een duurzame start!

Van Hout. Voor rendement.




Kuijpers

Resultaat door betrokkenheid

Kuijpers & Mollier

=
o

ja— ! Py Robert Sngeren, trainee Kuijpers
g ! .. Wouter Flach,recruiter Kuijogers

Kuijpers is een technisch dienstverlener, actief sinds 1921. We zijn altijd op zoek naar jong talent. Daarom bouwen we
heel bewust aan contacten met studieverenigingen, scholen en technische opleidingen van alle niveaus. Robert Snoeren
(voormalig lid van Mollier) studeerde building physics and services aan de TU Eindhoven. Stage lopen hoort er daar helaas
niet bij. Om toch ervaring op te doen, deed hij mee aan de meet & greets met bedrijven, georganiseerd door Mollier.
Z0 kwam hij bij Kuijpers terecht, één dag in de week. Die ene dag per week werd na Roberts afstuderen (in 2016) een
tweejarig traineeship bij Kuijpers. En dat door de meet & greet met Wouter!

Echte mensen. @ @ @

Echte oplossingen.



BPS Basics
Clircular Challenges'’

Author

I H. (Hajo) Schijperoort

Circularity is often simplified to reduce-reuse-recycle, but what
are the challenges while looRing at the big picture on planetary
level?

PLANETARY BOUNDARIES AND DEFINITIONS

Huesemann & Huesemann [1] define three indicators for
circularity on planetary level:

1. All energy comes from renewable sources at or below
renewable rates.

2. All materials come from renewable sources at or below
renewable rates.

3. Waste (this includes emissions) can only be released at or
below the assimilation rate, without negative impacts on
the ecosystem or biodiversity.

Circularity aims to Reep impacts within planetary boundaries
and avoid depletion of resources. We are currently far removed
from that point as we overshoot particularly the safe boundaries
for biodiversity loss, deforestation, nitrogen and phosphate
depositions, and global warming; risking/causing substantial
alteration of the Earth System [2].

“Rate” is the Reyword in the Huesemann [I] indicators.
Overshooting is temporarily possible, but only at the cost of
damage, destruction, and depletion. Restoration is sometimes
possible, but not all processes are reversible, or not in a linear
manner.

Thenifthis is our global compass, where do we meet problems,
what are the circular challenges?

CHALLENGE 1: RENEWABLE ENERGY AND NON-

RENEWABLE MATERIALS

One problem is that renewable energy technology so far
relies on non-renewable materials, particularly a wide array

of (rare) metals for solar, wind, grids, and batteries.

Various reports [3] [4] [5] signal that mining production needs
to grow at unprecedented annual rates for 17 metals in the
next 30 years to bring about the Paris energy transition, while
this does not even take into account the metal use by other
industries (such as electronic consumer devices). This is also a
geopolitical problem, as Europe has almost no relevant mining
and refining capacity of its own.

Metal production is moreover particularly damaging. The
Environmental Cost Indicator [6] shows that the “shadow
costs” of, for example, 1 Rg steel or 1 Rg aluminum are roughly
100x and 1000x higher than those of 1 Rg concrete (Figure 1)
This has a bad name because so many Rilograms are used.
The ECI is based on a Life Cycle Analysis with 11 monetized
environmental impact categories.

Reuse and recycling can help to reduce the demand for virgin
metals, but only in the long run, while the renewable energy
transition is now (before 2050) needed. Reuse and recycling
do moreover not allow volume growth, while the global
demand is far exceeding the global supply. The substitution
of rare materials in solar, wind, and batteries would help, but
without shifting to other limited materials that will then be
quicRly depleted.
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Figure 1. The Environmental Costs (i.e. shadow costs) for common
construction materials (image credit: TNO, 2018a)

CHALLENGE 2: ORGANIC AND ECONOMIC GROWTH
he Huesemann [1] definition brings also another problem
to light. At some point, we will run out of, or exceed the

production output rates of non-renewables. For metals,

concentrations get lower, so mining gets more costly and
ever more damaging (more common construction materials
such as aluminum and steel are for now not endangered in
supply). Minerals seem abundant and harmless, but in Asia,

a sand mafia steals entire beaches and river banks to supply

the particular type of sand grains that are needed in concrete

production [7]. Identified fossil fuel reserves are finally available
for another 50-150 years [8], but we can use only a very small
portion of them to avoid catastrophic global warming.

The only resources that allow ongoing volume growth (and
have a low or highly positive ecological impact), are bio-based
materials. Their growth is infinite in that the Earth and Sun
combined can produce them forever within fertility limitations,
but itis not unlimited in terms of production rates. For example,
it takRes decades to grow trees into maturity. We are limited to
the production capacity of sustainably managed forests, that
urgently needs to grow. Materials such as bamboo, straw, flax,
hemp, reed,and mycelium have considerably shorter cycles and
can be implemented without such delay (biocomposites and
cardboard may in part replace metals in ventilation systems).

Not just time, but also space is a fundamentally limiting factor
[9]. The production of non-food organic materials competes
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Figure 2. Rebound effects illustrated for a more efficient car. More use is a direct effect (SUV sales also go up). Spending saved money on other
damaging consumption is an indirect rebound effect. Meanwhile, the energy goes into producing the car. The same goes for any other type of
efficiency gain through innovation, such as space heating, LED lighting, etc. [image source: energypost.eu].

with land claims for (circular) agriculture (particularly meat
production requires large areas of land, not to mention its
significant contribution to global warming), built-up area, and
wild diverse nature [I10]. This is an important task for global
spatial-temporal planning. Grassland for cattle could be used
with changing diets, but in many cases this land needs irrigation
and fertilizers for full production.

CHALLENGE 3: SYSTEMIC CHANGES AND
CONSIDERATIONS
Technological innovation can play an important role in
solving our problems. We need a systemic view though. We
are not yet in the advanced stage where innovation creates no
problems in other areas (“side effects”). For all the advances in
renewable energy technology and capacity, the usage of global
fossil energy is also still growing at spectacular rates, in line
with “economic growth”.

Systemic thinRing should also take into account rebound
effects, as efficiency gains due to innovation can lead to more
consumption, as is illustrated in figure 2. It is never enough to
modify one control, effective policies will have to oversee the
whole dashboard.

The author is lecturer of the elective Master course 7XCIMO Circularit
Built Environment, which is part of the TU/e wide Master Certificate

Much will finally depend on simultaneous socio-economic
innovation, as the overshoot of various planetary boundaries
and the scarcity of time, land, energy, and materials are directly
caused by the size (and growth) of global consumption, which
puts everything “under pressure”. The developed countries
have a special responsibility here, as the few rich have a much
bigger footprint, per capita and combined, than the many poor
countries [].

A circular economy will have to acknowledge ecological
boundaries, and step away from the modern idea of infinite
(and even exponential) “growth”. A circular economy will also
feature Fair Pricing of products and services, including shadow
costs for prevention and/or compensation of damage. This
creates a level playing field for truly sustainable solutions, that
are often considered to be more expensive, but that holds
only true when shadow costs are ignored and not paid for
(i.e. they are ultimately “paid” by others elsewhere and future
generations) [12]. That mix will ecologically and economically
change everything. &

/in the
ircular

Design in the Built Environment.

[l Huesemann & Huesemann (2011). TechNO-fix. Why technology won't save us or the environment.

[2] Steffen, W. et al (2015). Planetary boundaries. Guiding human development on a changing planet.

[3] European Commission (2018). Report on Critical Raw Materials in the Circular Economy.

[4] Metabolic, Copper & CML (2018). Metal Demand for Renewable Electricity Generation in the Netherlands.

[5] TNO (2018a). Global energy transition and metal demand.
[6] TNO (2018b). Circulair bouwen in perspectief.

[7] Tweedie, N. (2018), Is the world running out of sand? The truth behind stolen beaches and dredged islands.

[8] Perez R etal (2015). A fundamental looR at the supply side energy reserves for the planet.

[
[
[
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9] Rovers, R (2018). People vs Resources. Restoring a world out of balance.

10] Van Diepen, K. et al (2010). Het technisch potentieel voor de wereldproductie van biomassa.

11] Rosling, H. (2014). Hans Rosling showing the facts about population.

12] Sustainable Finance Lab (2014). Een schuldbewust land. Naar een stabiel en duurzaam Nederland.
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Nelissen ingenieursbureau is adviseur op het gebied van installatietechniek, bouwfysica, akoestiek, brandveiligheid en duurzaamheid

Zoek jij als student een stageplaats, afstudeerproject, studenten bijbaan of trainee ship?

Solliciteer bij Nelissen ingenieursbureau!
Stuur je curriculum vitae of je LinkedIn-profiel met motivatie naar Marie-José van Eck, adviseur P&O, m.vaneck@nelissenbv.nl

\ . TN, WS Y/ i

www.nelissenbv.nl

We are consultants with expertise in wind in the urban environment, indoor climate,
smoke & heat removal and urban microclimate.

We are always interested to meet motivated and talented building physics professionals and students.
Please contact us through contact@actiflow.com or +31 (0)76 54 22 220.

www.actiflow.com



PDENg Project: Inteligent
Solar Shading Systems

O (Oinarilag) Ghosth, MSc

here is an increasing awareness of wellness and health in

office and public spaces in the building industry. Research
[1,2,3] has proven the importance of daylighting in offices and
hence the increased smart use of solar shading systems is
observed. Also increasing construction of fully glazed high-rise
buildings is the current architectural trend all over the world
with little regard to the local climate context. This has resulted in
an influx of daylight into office spaces thereby creating a need
to be able to dynamically control the amount of light and heat
entering the building. There is a plethora of shading systems
available in the market that closes or opens according to a
specific sensor threshold or they can be manually overridden
by the occupant of the office space. This still is not efficient and
smart and doesn’t improve the quality of the indoor comfort.
This is where my project company — Kindow [4] comes in. Itis
an indoor shading solution and it has two product lines Vertical
Blinds (figure 1a) and Roller Shades (figure 1b).

Figure 1. Kindow's product line (a) Verticals (b) Rollers. This PDeng
project involves the evaluation of the operational performance of
these two products.

Kindow's shading systems uses fabrics with high reflectance
values. It utilizes an advanced sun tracking technology that
dynamically traces the sun position and senses outdoor sky
conditions (figure 2) to modulate the amount of heat and light
that enters the space, providing optimal visual and thermal
comfort.

—]
&8
,

Figure 2. Example of Kindow Rollers automatically adjusting shade
height according to sun position (left). Fully retracting on a cloudy day
(right) to provide better daylight admission and views to the outdoor.
(4]

Butthere are a few problems that Kindow faces as an innovative
solution in the solar shading market. They can be categorized
as follows:

Author Superisors:
arir. RC.CM (Roel) L oorern

Sarm Kin

1. Lack of research in terms of its performance evaluation
in varying practical operating conditions as well as
benchmarRing its operational performance with other
available products. Are there further possibilities of
improving on the current control strategies?

2. There are thumb rules in the architecture, engineering and
construction (AEC) industry like “only exterior shading
is useful, because it can actually Reep the sun out”
[56]. Do these assumptions still hold? Such anecdotal
assumptions also greatly hinder market integration for
innovative solutions like Kindow.

3. It is an integrated system where glazing properties in
combination with shade material properties will affect
overall performance for varying building design. How can
this be co-optimized so that Kindow can better suggest its
client on combinations of glazing and lighting with Kindow
products for optimal visual and energy performance of the
indoor space.

So, these problems that currently Kindow was dealing with
became the main objectives for my PDEng project. The way
| began approaching this problem was by first assessing
Kindow's existing operational performance using a complex
co-simulation framework developed by our research group
- Building Performance. This was then followed by providing
solutions on three categories as follows:

. Kindow’s strategic research and development: | carried
out simulations for Kindow products for varying client
scenarios like changing location and direction and
they were compared against products available in the
market like a dynamic blind using solar irradiance as a
sensor threshold. These studies illustrated that Kindow
shades are at least 23% more energy efficient than their
conventional indoor counterparts. Furthermore, it also
leads to the development of different control strategies for
both roller shades and vertical blinds. For roller shades, it
was in response to changing fagade orientation. Whereas
for blinds they were in response to occupancy schedules

2. Muyth breakers: The existing thumb rule that external

shades are better than internal shades were found to be
not always true! | did a small test using Kindow Roller
blinds which simulated an office model with a South
facing fagade and a window-to-wall ratio of 80%. In order
to compare and benchmark the performance of Kindow
Roller blinds, the following case studies were considered.

. Case I: External roller shades with non-reflective material

properties.

. Case 2: External roller shades with reflective material
properties.

. Case 3: Internal roller blinds with non-reflective material
properties.
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. Case 4 Internal roller blinds with reflective material
properties.
Case 5: Internal roller blinds with the Kindow control

strategy.

Cases 110 4 are the baseline cases which are chosen in such a
way to represent the performance of conventional automated
shading systems available in the market. Case 5 uses the same
reflective shade material as case 1 and 3, but with the advanced
Kindow control algorithm. A careful combination of shade
materials with reflective properties and the Kindow control
strategy can lead to 6.5% energy savings compared to external
shading systems. Figure 3 shows the results of the study.

Final Database for Client consultation: In order to solve the
third problem for Kindow a client database is being created
where various cases with varying input parameters such
as Glazing properties, shade material properties, lighting,
heating and cooling efficiencies, etc. are being simulated
under varying scenarios of Window-to-Wall Ratio, location
and orientation. These simulation results will help Kindow
to easily estimate its operational performance when a
client comes in with its project specific requirements and
suggest the optimal combination of glazing and shading
properties allowing for better client consultations. ®

Primary Energy Demand
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Figure 3. Primary Energy Demand comparison

[1l Edwards L, Rocellini P. A literature review of the effects of natural light on building occupants. Literature Review. Colorado: National
Renewable Energy Laboratory; 2002 July 2002. Report No.: 550-307769.

[2] Phillips D. Daylighting: natural light in architecture. Oxford: Architectural Press, Elsevier 2004.

[3] The effects of exposure to natural light in the workplace on the health and productivity of office workers: a systematic review protocol,
JBI Library of Systematic Reviews: Volume 8 - Issue 16 - p 1-19 doi: 10.11124/bisrir-2010-574.

[4] Kindow B.V. 2020. Last accessed 10 October 2020. http://www.Rindowblinds.com/
[5] CIBSE, (2014). Technical Memorandum - TM 37, Design for improved solar shading control. London (United Kingdom).
[6] Beck, W, D Dolmans, G Dutoo, A Hall, and O Seppanen. 2010. “Solar Shading. REHVA GuidebooR 12." In.: Forssa, Finland.

PDENG PROGRAM

Smart Buildings & Cities

What is the SBC PDEng program?

mart Buildings & Cities (SBC) is a two-year post-master technological designer program. Graduates of this program get a title

PDEnNg (= Professional Doctorate in Engineering).

The SBC PDENg program is embedded in the structure of the 4TU School for Technological Design, Stan Ackerman’s Institute
(SAIl). The SAIl hosts 16 other PDEng programs at 4 TU's in the Netherlands. The SBC program is hosted by the Department of the
Built Environment (BE) of the TU/e. Due to the multidisciplinary nature of the program, also the following departments of the TU/e

contribute to the program:

Mechanical Engineering (ME)
Electrical Engineering (EE)
. Mathematics & Computers Science (C9)
. Industrial Engineering & Innovation Sciences(lEGIS)

The program consists of two main parts. PDEng trainees worRk
on their design project in collaboration with a company or as
a part of a bigger (inter)national project and parallel to that
they are taRing part in different courses provided by TU/e
(4TU's). These courses help them to improve their design sRills,
professional sRills (communication, teamwork, management,
entrepreneurship), and their disciplinary Rnowledge related to
their project and their background to deepen and broaden their
Rnowledge.

Are you interested in the SBC post-master program? Have
a lookR at our website https://www.tue.nl/en/education/
graduate-school/pdeng-smart-buildings-cities/ or looR for
vacancies at https:.//jobs.tue.nl/en/vacancies.html and search
for PDENng position or contact sbc@tue.nl or Lhensen@tue.nl.
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Wij detacheren. We helpen jou bij het vinden van de
baan waar jij blij van wordt en helpen onze opdracht-
gevers aan de juiste mensen. Tijdens de detachering
geven we jou de begeleiding die je helpt je

verder te ontwikkelen. Dus doe waar je blij van
wordt en doe het vooral op jouw manier. Ontdek

welke technische baan jouw hart sneller laat

kloppen.

Ga voor meer informatie naar
www.voort.com of volg ons op




The How® Houthavens
Amsterdam Focuses

on User's Well-being

Valstar Simoris

‘We leverage the full extent of our Rnowledge in support of a healthy and sustainable
world’

This is the Valstar Simonis mission: we recognize the necessity to make our society
sustainable. We are an independent engineering agency, established in 1948, with
a proven tracR record of providing integrated design solutions for all living building
systems.

Our enthusiastic team of consultants and engineers delivers custom solutions for
all services in the field of comfort, energy, sustainability and safety in and around
buildings. We stimulate integrated design (by using BIM) and sustainable solutions
(by using BREEAM and WELL).

We work on a wide range of projects across multiple marRets, ranging from renovation
and new developments to repurposing of entire buildings in markets including
healthcare, education, performance venues, commercial, research, higher education,
offices, and datacenters.

In this article we put one of our recent projects in the spotlight; it concerns an

ultramodern office building with an important leading actor; the user itself. B

n entrance hall with a 50 square

meter LED screen, a fitness room
with a sauna and hammam, an elevator
with LED screens, a roof terrace with a
view over the |J waterways and the latest
innovationssuchas facialrecognitionand
sensor technology. Flow Houthavens in
Amsterdam is an ultra-modern building,
where users are surprised and get into ‘a
flow". "It will be a building where the user
is always put first, where people should
really feel happy and which is also very
sustainable. It is great to be able to work
on such a project’, says Theo de Boer,
director of Valstar Simonis.

The Flow @ is an initiative of the architect
firm MVSA Architects and project
developer ToBeDeveloped. For these
initiators, Flow Houthavens is a “proof of
concept”. If it turns out to be a success,
they will roll out the concept further
to existing and new buildings in and
outside the Netherlands.

Theo: “The special thing about The Flow®
is that there is really an idea behind it. It
is not only a very sustainable building
with a BREEAM Excellent certification,
but also a building where everything
revolves around the user’'s well-being.
The Flow® is the first new-build project
to be awarded a WELL Core v2 Platinum
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certificate. Where BREEAM looRs at the
impact of a building on the environment,
WELL looRs at the health of the users.”

WELL BUILDING STANDARD

he WELL Building Standard provides

guidelines for seven categories: air,
water, nutrition, light, fithess, comfort and
mind. Theo explains: “For example, in
The Flow®’'s company restaurant, mainly
healthy and fresh food is served, there
are sufficient water taps in the building,
a lot of attention is paid to acoustics
and the lift is ‘hidden’ to stimulate the
use of stairs. The technical installations
recognize you when vyou enter a
worRspace and then automatically the
lighting and temperature will be adjusted
to your preferences. This lighting also
takes your biological clock into account,
so that users will feel much more
comfortable”

LESS ABSENTEEISM THROUGH
BETTER HEALTH

n order to comply with the WELL
guidelines, substantial investments had
to be made. An investment that pays
for itself many times over, according to
Theo. “The housing costs of a company
often amount to about 2 to 3% and the
wage costs up to 60 or 70%. A healthy
worRing environment ensures higher

Theo de Boer
Director at Valstar Simonis

Impressive entrance with huge LED screen
© Barwerd van der Plas

productivity and less absence and is
therefore an interesting investment in
that working environment.

And on top of that it is becoming
increasingly difficult to retain good
people. A sustainable, healthy and
pleasant working environment can make
the difference.

HIGH AMBITIONS
I:rom the start Valstar Simonis was
closely involved in the prestigious
project in Amsterdam’s Houthavens.
“A great collaboration”, describes Theo.
"The client is very ambitious and it is a
great challenge to go along with that. We
have a lot of Rnowledge about the latest
innovations and are happy to show what
is possible.”

TECHNICAL INSTALLATIONS AND
FLEXIBILITY

he Flow® is designed with flexibility in

mind. Each space can be configured
in several different ways. Workplaces
can be positioned in various layouts.
Elevators, staircases and toilets are core
communal elements. Shared areas in
the lobby and on the top floor provide
additional options for entertaining
guests and organizing special events.



The flexibility is also reflected in the
installations. The installations are easy
to adapt to the new spaces that are
created. The layout is easy to program in
the operating and smart building system.
Lighting in The Flow® not only works
on the daily rhythm but also on the
conditions outside.

The light supply in The Flow® ensures a
healthy biological rhythm and is based
on anti-glare technologies, excellent
color quality and abundant daylight.
All this can be operated and monitored
via an application linked to the smart
building system. In addition, this
application can also be used to regulate
the climate and it contains information
about the air quality, including CO2
content, air pressure, air humidity and
volatile organic compounds (VOCs).
There are also functions for reserving
spaces, cars and group lessons in the
fitness room.

The building has the highest insulation
standards, including triple glazing. In
addition, the building has an Aquifer
Thermal Energy  Storage  (ATES)
installation, which stores and recovers
thermal energy in the subsurface
and provides The Flow® with cooling
and heating in a combination with
heatpumps.

The ‘catering concept’ focuses on
reducing CO2 emissions, workRing with
seasonal and local products as much as
possible and reducing inorganic waste,
such as plastic and disposables.

Under the building there is a small
parking garage with a limited number
of places for normal cars. A relatively
large number of places (approx. 30%)
are reserved for electric cars. In addition,
the use of bicycles is encouraged and
shared bicycles are made available to go
to appointments.

Vi
L TR

The Flow® Houthavens, a state-of-the-art office building. © Patrick Coerse

CIRCULAR MATERIALS

he overall design takes into account

the use of recyclable materials. For
example, the ceiling is partly made
of alusion, a unique material made of
recycled aluminum with a high acoustic
effect. In the context of circularity and the
creation of unity, this material has also
been used in the bar on the top floor,
elevator and toilets, for example.

Furthermore, the construction is made
up of a steel construction (steel columns

The office layouts can be easily adjusted and technical installations recognize you when you
enter an office and adjust lights and temperature to your preferences. © Barwerd van der Plas
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and beams) with prefab hollow core
slab floors in between, which can be
easily dismantled. The curtain wall, the
glass fronts and the aluminum floor fins
can also be easily disassembled and
therefore reused.

"FUTURE PROOF”

he office of the future will increasingly

require rapid adaptation to social,
technological and organisational
changes. The current changes due to
COVID-19 clearly illustrate just one way
in which unexpected adaptations are
required. The Flow was designed from
the ground up to be flexible. As a result,
changes to the layouts of office spaces
can easily accommodate new social
distancing guidelines. And because the
underlying technological infra-structure
(mechanical, electrical) was incorporated
in the flexible design, the new layouts
can be implemented without extensive
renovations.

The Flow® Houthavens opened its
doors in January of this year and can
rightly be called The New Order in High
Performance Buildings.

Want more information about this
project or an internship at Valstar
Simonis? Please visit our website:
www.valstar-simonis.n| |

AR RN E SIMONIS

ADVISEURS INSTALLATIETECHNIEK
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Stichting Fellowship FSE WO?
FELLOW/fse e The
University of Technology

business network
for education and
Engineering Fire Safety research

Experimental research on fire and response of
structures and separation constructions under fire
conditions

Mathematical simulation of fire and smoke
propagation, depending on fuel and building

characteristics

Probabilistic approach of fire safety objectives in
relation to rules and regulations

Fellow Fire Safety Engineering:
Ruud van Herpen MSc. FIFireE

Postbus 1617
5602 BP Eindhoven NL

De restauratie van een Rijksmonument uit 1854: durf jij dat aan?

De foto is van het Groote Museum van Artis. Sinds 2016 werken wij
aan de restauratie van dit bijzondere gebouw, dat de afgelopen 70 jaar
niet meer in gebruik is geweest als museum en nu weer.geschikt
gemaakt wordt als hedendaags museum. Het-wordt een gebouw met
alle voorzieningen en de condities die passen bij de museale ambltles
van Artis.

Een inle e aanpa (s vqo?' deze restauratie een onvermijdelijke voorwaarde. * men met

de resta |earch|te¢ten heeft ZRIlde gebouwschil onderzocht op de magelijkheden voor
thermifc  Isolatie. leteraéard mag| hetlisoleren van het gebouw niet leiden tot =
vochtpro en of aéhtasﬁng va '\Lon tructies. Dit vergt specifieke esku dlghe¥ var
advisePr n ZRi. Inj auyve samenwerking met de architecten en c:%!nst Natieadvisel r zijn
op ingen e wijze de thermische isolatie, ventilatie, verwarming.ensoeling:in het gebouw
aangebr. . Alle vomtaemngen en-ingrepen zijn ook eenvoudig weer te-verwijderen, Zonder
aantasting van het gefaouw Dat is een voorwaarde in monumentale gebouwen. Het gebouw -
is nu goed geisoleerd, voorzien van warmtepompen en met warmte- en koudeopslag indey |
bodem. Qok akoestisch is het museum weer helemaal van deze tijd, met voorzieningen die =
zoveel mogelijk onzichtbaar zijn aangebracht. En voor wat betreft de brandveiligheid, die

moet natuurlijk voldoen aan de huidige eisen. Ons werk bestaat niet alleen uit het

restaureren van Rijksmonumenten, maar uitdagend is het altijd.

Geinteresseerd?

R




‘mm Bachelor End Project
on Thermal Bridges

efore you can start your building physics and services (BPS)

master you need to complete the pre-master or finish your
bachelor. In this article, | will share my experiences during my
bachelor end project (BEP).

My BEP is focused on retrofitting a dwelling in a way that it
meets the stricter sustainability requirements of today. The
attention is focused on two dwellings which are located in the
north-east of Eindhoven in the neighborhood ‘Oude gracht
oost’ built in 1962 but have some shortcomings in various
aspects concerning building physics. Since they do not meet
the current sustainability requirements, the comfort of the
residents is compromised.

START OF THE BEP
\/\/e started the project in groups of three where a site
visit was planned along with meeting the residents of
the dwellings. The existing conditions of the dwellings are
documented. The color of the reflection of a flame, for example,
gives information about the window, whether it is a double
glass construction or HR++. At the end of the visit, the residents
gave us a good cup of coffee and questions could be asked.
After this meeting, we decided that each group will focus on
a specific BPS related topic for the coming three weeks. The
topic of heat and thermal bridges was appointed to me. At the
BPS lab, which was already quite familiar for me, an infrared
camera was borrowed. This is quite an expensive camerga,
however, the staff of the BPS lab were friendly and did help us
by providing information about the camera. In high school, | did
WworkR on a project in cooperation with Schock Nederland B.V.
so | already was familiar with this type of camera. It is possible
to capture infrared imagery using this instrument/camera. The
infrared image provides the color and the amount of heat which
is captured in each individual element. With the help of those
images, weaR links in the dwelling can easily be spot.

On the outside, the weaR spots do have a high temperature
(bright color) in comparison with the other areas. The IR imagery
is ideally captured without interference of solar radiation to
prevent the thermal mass from heating up and affecting the
results. After this analysis, we decided to focus on a specific
BPS related topic for the rest of this project in groups of two
students.

ONE BPS RELATED TOPIC

he topics are Materials, Energy, Heat, and Drawings. Each

topic has a different supervisor which is more involved
in the specific topic. | am interested in the topic lighting,
however, this topic was not on the list. It was not possible to
add this topic, so | decided to continue working on the topic
of heat. The supervisor for this topic was HenR Schellen and |,
together with Tobias Quene, worked with the software program
COMSOL multiphysics, made some proposals, and did some
condensation calculations for these proposals.

Author
L. (L. aurens) Casternmiller (55c)

The IR imagery is analyzed, and some typical spots which
acted as thermal bridges were identified. | did specifically focus
on the balcony floor, a temperature gradient can be noted
(Figure 1). Close to the facade the temperature is the highest
(bright color), which indicates heat losses from the inside to
the outside, while the temperature at the edge of the balcony
is lower (dark color). All spots, of this research, are also valid
for the other dwellings under consideration, which makes the
proposed design solutions also applicable for these cases.

2 Analysis | Position | *5, 0b]. Par| @ tmage | £ Test comment |

RLabl Value ['C] Min Man | M - M Bwg  Sidev.  Resul | Expreswion
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SPO1 28
SPO2 48
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Figure 1. Infrared image of the balcony

SIMULATIONS

n the software program COMSOL multiphysics, these
identified thermal bridges are detailed before the proposals
could be simulated. COMSOL multiphysics is a mathematical
simulation program that covers fluid dynamics and thermal
behavior of materials and structures. For our research 1-D
heat transfer in a construction is calculated. We both were not
familiar with COMSOL multiphysics, so we gained Rnowledge
by making use of provided tutorials of the software program.
After completing these tutorials we could start creating a model
of the balcony, and assign the material properties of each
individual part. The material properties are necessary because
different materials have different values of thermal conductivity,
and act differently with respect to heat transfer. The material
properties can be adjusted manually, but these properties
are mainly pickRed from the COMSOL library to achieve more
consistent results. Once all the constructions are specified,
the simulation of the models could start, and a thermograph
of the balcony is created (figure 2). The color of each area
represents a temperature that should looR like the colors in
figure 1. However, there is a large difference in perceived color
and temperature values. This means that there is a flaw in the
temperature color and value scale. This latter can be ignored
because this difference is of the same magnitude in all models.
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Figure 2. COMSOL model of the balcony

3 PROPOSALS

he heat loss of the analyzed construction is calculated via

the inward heat Flux, which does represent how much heat
is entering the structure. For the balcony, this calculated inward
heat Flux is -228.61W. This value is negative, which indicates
that there is heat escaping the structure instead of entering
the structure. This effect results in higher energy bills and less
comfort which should be prevented, so 3 proposals are created,

which are:

. Using a thermal break
Using thermal insulation on the external surface

Using thermal insulation at the ceiling (inside of the
dwelling)

Since proposal one and three do not prevent heat loss in both
directions (horizontal and vertical), a combination of both
proposals are made. However using a thermal break requires
supporting the structure to prevent the collapse of the structure,
so this adjustment will not be used as a final proposal. The
second proposal does prevent heat loss in both directions,
however, lots of insulation material is needed which has a
significant financial investment. So this proposal is adjusted
into a partly wrapped balcony according to a rule of thumb
which says that heat loss is prevented if a slab is insulated for |
meter in the horizontal direction. A resistance of at least 1 meter
of concrete will prevent heat loss. All proposals are simulated,
and the simulation of proposal two shows an inward heat flux

of -16.792W instead of -228.61W.

CONDENSATION CALCULATIONS
he possible occurrence of internal condensation is analyzed

by maRing condensation calculations to Rnow if sufficient
levels of comfort are achieved. The temperature ratio (TR) is
used, and should, according to regulations for residential
buildings, be higher than 0.65. If there is a large temperature
difference at the surface area, the TR is lower than 0.65 and if
there is almost no difference the TR is higher than 0.65. The
higher this ratio, the more comfortable the inhabitants feel. A

TR of 0.79 can be inferred based on figure 3.

The occurrence of internal condensation is calculated with the
help of a Claser graph (figure 4). The water vapor saturation
pressure (red line) does not intersect the actual water vapor
pressureinthe structure (green line) so no internal condensation
occurs. In other proposals, internal condensation occurs which
is solved by using a different insulation material or by applying

Figure 3. Temperature ratio of the final proposal
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Figure 4. Condensation calculations (Glaser graph)

CONCLUSION
here are some possible improvements after finishing the

BEP. The reduced inward heat flux of each proposal is
calculated by assuming the inward heat flux of the actual
situation is zero, however, the structure always loses some
heat towards the outside, which means the inward heat flux
is always negative, which results in a positive impact on the

temperature loss in all the proposals.

Besides some struggles at the beginning of our BEP with the
group formation and the use of some unknown devices and
software programs, the BEP was very useful to conclude the
bachelor, | learned many (new) things, which are useful in the
master. | passed my BEP in time for the summer break, where

a vapor barrier. These hand calculations are also done with
help of the software program COMSOL and don’t show many

differences which means that the hand calculations are reliable. | took a few weeRs off before starting with my master Building

Physics and Services! B
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b TNMOLLIER

Dear reader,

This year Mollier is celebrating it's 25th birthday which means it's our 5th lustrum.
However the world seems to turn a bit different this year. Nevertheless the
committee is still busy to make sure everything will fall into place. For all activities
different scenarios are worked out. This way we make sure they can take place. That
may be in a different form, depending on the situation. We hope to see you therel

Yours sincerely,

The 5th lustrum committee

SAVE THE DATH

Opening Lustrum year
4th of February 2021
Cafe Thomas, Eindhoven

Symposium
16M of March 2021
Blauwe Zaal, TU/e

e
Lustrum Gala L -
5" of June 2021 From left to right: Nora Kuiper, Jesper Priester,
Location t.b.a. Maud Staassen and Brent Wiebes
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A Digital Test
Environment for

Advanced Bulding SKiNs

Supernisors

Frof ar i LM Hernsen
Lr 1r RC.GM Loonen
S5 ge Vies

Leo Bakrker (TINO)

INTRODUCTION

ithin buildings, energy is required to

maintain a comfortable and healthy
indoor environment. On earth we receive
an astonishing amount of energy from
our sun and this solar energy can be
harvested by PV-panels for electricity,
or by sun collectors for thermal energy.
However, the solar radiation can also
be directly utilized within a building, to
reduce the energy demand and increase
of the levels of comfort. However, this
utilization can also cause the opposite
effect, which depends on the ambient
conditions and the building demands.
In terms of daylight, high utilization is
desired due to the positive influence
on the well-being of its users [1]. Direct
advantages are savings in electricity
consumption for lighting and the
positive impact on the productivity
of office workers. Nevertheless, large
fenestration areas can also increase the
risk of discomfort by glare, resulting in
the opposite effect [2].

Multi-state facades have regularly been
identified as a promising development
trend [3]and are capable of adjusting their
properties regarding solar admission into
multiple states. This can, for example,
refer to shading devices that can be
deployed in multiple positions or the use
of various shading fabrics with different
optical properties. However, the control
strategy of these multi-state facades
can be challenging due to conflicting
objectives (e.g. providing view vs.
preventing glare) and dynamicinfluences
of the environment. There is a growing
interest for advanced controllers within
the built environment and especially the
model-based control (MBC) approaches.
The potential of these MBC strategies is
already acknowledged in other sectors,
but also in several building applications,
such as Building Management Systems
[4].

The Dutch Organisation for Applied
Scientific Research (TNO) is currently

developing a multi-state  facade
along with  model-based  control
(MBC) strategies. These research

and development (R&D) activities are
carried out in cooperation with the solar
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shading supplier Verosol and the facade
construction company Scheldebouw.
Within the graduation project, a crucial
aspect for the R&D process has
been developed, a time-efficient and
accessible test environment.

MULTI-STATE FACADE WITH MPC
he main function of conventional
dynamic shading devices is limiting

solar admission in order to prevent

glare and/or cooling demand. Shading
screens with a reflective coating can be
very effective in reducing cooling load or
preventing overheating in warm periods
[5]. However, these solar gains are not
always unwanted; during certain parts of
the year, it could also be used to reduce
the heating demand. With the application
of an absorptive screen at the right
position, glare can be prevented but the
near-infrared part of the solar radiation
can be utilized within the building. The
demand for solar radiation in the visual
and thermal spectrum depends on
the ambient conditions and building
demands. Through the combination
of both screen types with variable
shading heights, the system provides

F---------------------l

more possibilities to meet the desired
solar admission in each situation. The
first concept of this multi-state fagade
consists of three single glazed panels,
creating a double cavity. A reflective
shading screen will be located in the
outer cavity, and an absorptive shading
screen in the inner cavity, see Figure
1. By locating the screens within non-
ventilated cavities, the exposure (0
external influences is limited. There are
countless numbers of variations possible
within multi-state facades and these
must be evaluated in a later process of
this R&D process.

An MBC strategy is being developed for
the dynamic screens within the double-
cavity facade (DCF) system. Figure 1
also shows the global operation of the
MBC with the corresponding inputs and
outputs. Within an MBC, a simplified
building model is implemented (0
exploit predictions of the possible future
responses of a system (in our case a
building) as a function of different screen
positions of the DCF, so-called control
seguences. The inputs of the model are
the current status of the building, future

| Model based ]
1
| controller i
I
: Optimization algorithm 1 . Weather
1 . 1 Future disturbances prediction
1 Building :
§ E model =) L Start values
i 8 g "B
I g
: 5 E A 4 : Best control
i § Objective I sequence >
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: 1 4 SENSOrs
I |
-
]
}" .

Figure 1. The double cavity fagade with the operation of the MBC
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disturbances by a weather prediction
and a suggested control sequence for
the facade system. The building model
creates multiple predictions based
onthese inputs and the MPC uses it
to select the best control sequence,
according to an objective function.
The best control sequence is selected
according a pre-defined performance
index and eventually implemented
within the DCF.

TEST ENVIRONMENT
I:or the development and deployment
of an advanced controller, like the
model-based control (MBC), a test
environment is required to obtain insight
in the complex dynamic interaction
within the building and the impact on
comfort and energy use. Disadvantages
of physical test environments (e.g. time-
consuming, labour intense, financial
consequences) can form a significant
barrier for the development of a MBC.

Nowadays, building performance
simulations (BPS) are an established tool
for supporting the design and operation
of high-performance building [6]. These
tools are predominantly applied in
the detailed and early design studies
because of the complete controllable
test conditions and the detailed insight
into the dynamics within a physical
system. This complete overview/insight
is ideal within a test environment for the
development of an MBC.

Figure 2 shows the framework of the
developed test environment. At the
centre of this environment is the BPS
tool EnergyPlus. This validated tool
enables the performance evaluation
regarding HVAC systems, energy
consumption and thermal comfort within
a building [7]. An extension of this tool
is LBNL Window 7.7, which increases the
simulation possibilities regarding multi-
state facades. EnergyPlus enables the
simulation of daylight, but this method
showed significant shortcomings in
the simulations [8]. A good alternative
was the BPS tool Radiance, which is a
commonly used and validated tool that
uses the reverse raytracing method [9].

A bottleneck  within the existing
simulation tools, is that there are no
standard tools that allow interconnection
with external advanced controllers and
this is essential for the interaction with
the MBC. This bottleneck is tackled by a
so-called middleware, Building Controls
Virtual Test Bed (BCVTB). This tool is used
to establish a data exchange between
the different tools and controller at each
simulation time step, creating a so-called
co-simulation. The software tool Matlab
is eventually used to distribute the data
within the co-simulation, but also for the
interaction with the external advanced
controller.

The developed MBC will in practice be
installed on a server and invokRed by a
network connection, creating a hardware-

* Building characteristics

* Environmental
parameters

*  Properties, Multi-
state fagcade

MATLAB

Pre- s
M——pld processed je Hadm"ce
data Sthe Imaging Systen

Figure 2. FrameworR digital test environment

in-the-loop simulation. The network
connections is established with a REST
(Representational state transfer) API
(application programming interface) and
the test environment invoRes with this
connection the MBC, which responds
with a control sequence based in the
sent data of the test environment. With
the establishment of this connection
the bottleneck of existing simulation
tools, the interconnection with external
advanced controllers, is tacRled. This
eventually opened the door for a wide
variety of analyses. This also allowed for
the performance evaluation of the first
prototype of the MBC in combination
with the DCF. The development of
the test environment expanded of the
complete graduation period with multiple
verification and validation studies, which
can be consulted in the thesis.

APPLICATION OF THE TEST
ENVIRONMENT
An essential function of the test
environment was to support the
development of the simplified building
models inside the MBC. This model
is essential for the performance and
operation of the controller. The complex
physical dynamics within  a building
must be captured within @ model. This
requires a detailed insight into these
physical dynamics, which can be
provided by the test environment. The
development of this model also consists
ofthe selection of accessible and feasible
inputs with possible associated models
and the desired prediction horizon. In
the case of the TNO project, the use of
a resistance-capacitance model (RC-
model) is intended. This model requires
an extensive amount of data, the inputs
for the model, to estimate the thermal
resistances and capacities.

Other applications during the
graduation period are the development
and evaluation of an advanced rule-
based control (RBC) strategy, a study
to the configuration of the DCF and
the evaluation of the MBC operation.
However, this is just a fraction of
the possibilities of this digital test
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environment. In a subseqguent phase of

the RED, the test environment can be

deployed to analyse and improve:

+ Robustness of the controller

+ The objective function and
corresponding performance index

+ Response on inaccurate future
disturbances (e.g. weather prediction)

* Interaction between controller and
fagcade system

+ The multi-state facade design (e.q.
alternative materials)

+ Performances (energy use, comfort)

BPS tools can be adjusted to the specific
test conditions of these analyses. It
also simulates the dynamic interaction
between the MBC and the building
which is essential for the operation/
performance of an MBC. In addition
to these applications, the developed
test environment is widely usable for
alternative  studies within the R&D
process (e.g. other climates, building
types, fagade designs). This test
environment will significantly support
a faster development and eventually
better performing advanced building
skins and MBC's.

PERFORMANCE EVALUATION

he support and capabilities of the test

environment are demonstrated by
different use cases with the advanced
building sRkin proposed by TNO, in
particular. In this article, the focus is on
the comparison of control strategies in
combination with the DCF. A reference
office defined by the International Energy
Agency (IEA) was the base of the use
case studies [10]. This is a three-person
single zone office space (45 x 80 x
3.0 [m]) with some slight adaptations
for this specific project. This reference
office is part of a larger complex;
this is represented in the simulation
environment by defining all surfaces as
adiabatic except for the south-oriented
wall. This wall is a fully glazed fagade with
the application of the DCF. The location
and climate of the reference building
are based on the climate conditions of
Amsterdam. The first prototype of the
MBC had its limitations and a complete
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focus on preventing thermal energy
demand. So visual aspects and the
corresponding effect on the energy
demand of the lighting system are not
taken into consideration. The annual
performance of this controller is shown
in Figure 5.

To put the performance of the MBC in
perspective two other control strategies
are also evaluated with exactly the
same test conditions, operating the
DCF system. The first variant, presented
in Figure 3, has none of the screens
activated. The control strategy in the
second variant is based on the IEA
reference office, see Figure 4. In this
strategy, the reflective screenis activated
when the total solar radiation incident
on the external fagade (vertical plane)
exceeds a threshold of 120 [W/m?][10].

The performance indicators of these
use cases are the total heating and
cooling demand net delivered to the
room and the total energy demand for
artificial lighting. For visual comfort, two
performance indicators are applied, the
Daylight GClare Probability simplified
(DGPs)  and the Spatial Daylight
Autonomy (sDA). DGPs indicates if glare
discomfort occurs through daylight
while the sDA indicates to what extent
a surface receives adequate daylight
The performance evaluations provided
insights into the performance of different
facade systems and control strategies
by the conducted use cases. The need
for these facades and control strategies
are confirmed by the use cases.

The following findings deserve further

attention:

+ The need for dynamic shading devices
are confirmed by results of figure 28.
The cooling demand is circa 125%
higher as a standardized office [10]
and the users perceive glare in circa
80% of the occupied time.

+ *These results also indicated the
interconnection and conflict between
the performance indicators. The
prevention of solar gains by the
activation of the reflective screen,
has a positive impact on the cooling
demand and the occurrence of glare.
However, the impact on the heating
demand, sDA and energy demand of
the lighting system.

+ Thetotal annual cooling demand of the
RBC and MBC are almost the same, the
difference is 0.17 [RWh/m?]. however,
the total annual heating demand of
the RBC and MBC are not alike and
this demand is 133% higher in the MBC
compared to the RBC. The variant with
no shading has maximum exploitation
of the solar thermal energy.

The detailed insight of the annual
results are presented by a heat map
in Figure 6. Within the 24th weeR, the
screen is activated from 5am, when
No occupants were present or cooling
was activated. This could indicate that
the controller taRes dynamic effects
of the indoor environment and climate
into consideration, to prevent a peak in
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Figure 5. Annual overview results: DCF model-based controller (MBC)

the cooling demand in the future. The
limitations of the MBC and a complete
focus on preventing thermal energy
demand is also visible in this figure. The
visual aspects and the corresponding
effect on the energy demand of the
lighting system are not yet taken into
consideration. There is no pursuit of a
balance between these performance
indicators. More uses cases are evaluated
in the thesis, with more detailed results
and conclusions.

2020-2021 #1

CONCLUSION

he support and capabilities of the

test environment are demonstrated
by the different use cases with the
TNO project in particular. The test
environment is developed for projects
likRe the TNO project, makRing it a
most fitting demonstration.  The test
environment provided essential support
in the development of the building model
within the MBC. The detailed insight into
the physical behaviour enabled different
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Figure 6. Detailed overview annual results, DCF with model-based controller (MBC)

Rinds of parameters which were
impossible to monitor in a physical
test set up within the time and financial
scope of this use case. A physical test
setup, would reguire seasonal around-
the-clock experiments which are
labour intensive and time-consuming.
Various intended applications are
suggested within the further R&D
process where the test environment
can provide essential support. These
intended applications require a test
environment due to the required
dynamic interaction between the MBC
and the building. However, this requires
the interaction of the test environment

with an external advanced controller.
This reqguirement is demonstrated by
a network connection to a real external
advanced controller. This also allowed
the performance evaluation of the first
prototype of the MBC with DCF.

The performance evaluations provided
insights into the performance of
different fagcade systems and control
strategies by the conducted use
cases. The need for these facades
and control strategies are confirmed
by the use cases. This is similar to the
clear interconnection between the
conflicting objectives and the challenge

415 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 30 37 38 39 40 4142 43 44 45 46 47 48 49 50 51 22

regarding control strategies. The first
MBC prototype showed despite its
limitations, the ability to takRe into
consideration the dynamic effect of a
building. This controller had a specific
focus on preventing a thermal energy
demand and had a quite optimal
performance regarding this subject
This could confirm the potential of the
system; however, an implementation of
the visual comfort is required to provide
a good conclusion about the double
cavity facade with a model-based
controller. ®
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Samen

grensverleggend

Of het nu gaat om afstuderen of een startersfunctie, bij

Ballast Nedam krijg je de kans om je installatietechnische loopbaan
vorm te geven. Zo krijg je de mogelijkheid om te werken aan
grensverleggende projecten. We zijn benieuwd naar jouw visie en
geven je unieke kansen om e Ideeén daadwerkelijk te ontwikkelen

Onze medewerkers zijn onze belangrijkste succesfactor. Vanuit deze overtuiging bieden

we een gezonde, vellige en motiverende werkomageving waar ruimte 1s voor persoonlijke
ontwikkeling. Ons snelgroeiende bedrifsonderdeel installatietechniek is altijd op zoek naar
jonge professionals. Inmidadels werken er al drie ex-Mallier leden in ons gezellige team. Binnen
Ballast Nedam draag je niet alleen bij aan het integrale installatie-ontwerp, ook zie |e van
dichtbij hoe het daadwerkelilk gerealiseerd wordt!

Bij Ballast Nedam maken we graag kennis met studenten die zich willen oriénteren op hun
toekomst. Het s dan ook mogelijk om b1 Ballast Nedarm een masterproject uit te voeren, een
traineeship te starten (waarin |e aan verschillende fasen van het project kan proeven) of te

peginnen met een vaste baan b1 ons team van installatietechnici

Ben je enthousiast en wil je met ons meebouwen? Kilk dan voor de moagelijkheden op onze
website: www.ballast-nedam.nl of neem direct contact op met onze Ballast Nedam Campus
Recruiter Damia Carli via d.carli@ballast-nedam.nl.

Ballast Nedam



3D Steady RANS
Simulation of Pollutant

Dispersion In Streets

Author
mg LLOJ [Dear) IPelkmarns

Rapid deteriorating air quality and pollutant dispersion are
considered to be some of the largest problems related to
health in urban environments. Previous studies on pollutant
dispersion, conducted by Computational Fluid Dynamics (CFD)
and wind-tunnel testing, used a point or line source which
represents an ideal situation without takRing into account the
geometry of the source. Therefore, this study investigates the
feasibility of providing a more accurate approach in predicting
the near-field pollutant dispersion within a street canyon
by replacing the idealized source (Case 1) with a realistic car
geometry (Case 2).

METHODOLOGY

he reference study of Tominaga and Stathopoulos was used

to validate the near-field pollutant dispersion in a street
canyon through 3D steady RANS simulations [1]. The geometry
of the computational domain was built according to the
reference paper in which the shape of the canyon was defined
by anH/WandH/L ratioequal to1.0 and 0.5, respectively, where
H is the building height (i.e. 1.8 m), W is the distance between
buildings (i.e. 1.8 m) and L is the building length (i.e. 3.6 m) [2].
The wind direction was perpendicular to the canyon and the
inflow conditions were defined according to the wind-tunnel
tests from the reference study [1]. Furthermore, the SIMPLE
scheme algorithm for pressure-velocity coupling, the QUICK
discretization scheme for momentum and concentration, and
for the remaining k, €, and energy equations the second-order
discretization scheme was used.

Inthefirststage, insearch forthe best-performing computational
settings, the impact of both grid resolution and turbulence
models was analyzed. Three consecutive computational grids
(i.e. the coarse, basic and finest) and five different turbulence
models (i.e. Standard k-€ model (SKE), Renormalization Group
k-€ model (RNQ), Realizable k-¢ model (RKE), Standard R-w
model(SKO) and Shear Stress Transport k-w model(SST)) were
compared based on turbulent Rinetic energy (k) and the mean
concentration (<c>). The finest grid (of 509,000 hexahedral
cells) combined with the RKE turbulence model provided the
most reliable results compared to the reference study [1].

In the second stage, CFD simulations were performed on the
same street canyon using a realistic car geometry (i.e. the
DrivAer model) as a source of pollutant [3]. The characteristic
length (L, ), width (W, ), and height (H, ) of the 1:4 reduced-scale
DrivAer model were 1153 m, 0.508 m,and 0.355 m, respectively.
The computational domain was modified by increasing the
building length L (i.e. 6.39 m) to ensure that the exhaust of the
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DrivAer model was placed in the middle of the street canyon.
The domain was divided into two separate subdomains: the
outer subdomain of 681100 hexahedral cells and the car
subdomain of 1,352,660 tetrahedral cells. The inflow conditions
and other computational settings remained unchanged to CFD
simulations with an ideal point source.

CONCLUSIONS

he presence of the DrivAer car model redistributes the

flow pattern within the street canyon resulting in the
accumulation of pollutants on the windward fagade instead of
the leeward fagade. The dispersion of pollutants outside the
canyon is much lower compared to the point source because
dense pollutant regions are formed on and around the
DrivAer model, while further in the canyon it becomes much
diluted (Figure 1). The fact that denser regions of pollutants
are formed around the DrivAer model could imply that higher
concentrations remain longer inside the street canyon which
indicates a lack of removal.

The results provided valuable insights into the understanding
of near-field pollutant dispersion related to a realistic car
geometry. However, further research is necessary to formulate
a more comprehensive conclusion in terms of different wind
directions and street canyon configurations. B

Figure 1. 3D mean concentration <c> contours: comparison between
Case l and Case 2.

[11 Y. Tominaga, T. Stathopoulos, CFD modeling of pollution dispersion in a street canyon: Comparison between LES and RANS. J. Wind
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[2] TR. ORe, Street design and urban canopy layer climate. Energy and Building 11 (1988) 103 - 113
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