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Agenda

* Introduction
*  Why we need more nature indoors?
* Biophilic patterns

* Strategies for acoustics, daylight, visual connection with
greenery, dynamic comfort, regenerative materials

* Quantifying the impact: a field study at ABT office

* (Conclusions
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“Sick Building Syndrome”” for the first time to describe
situations in which building occupants experience acute
health and comfort effects that appear to be linked to the
time spent in a building, but no specificillness or cause can
be identified.

Among the possible symptoms are:

* throat irritation

* breathing difficulties

* tightnessin the chest

* runny nose

* allergy-like symptoms, such as sneezing

* burning sensations in the nose
e dry, itchy skin rashes
* headaches

e dizziness

Quake abt


https://nepis.epa.gov/Exe/ZyNET.exe/000002JA.TXT?ZyActionD=ZyDocument&Client=EPA&Index=1991+Thru+1994&Docs=&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&TocEntry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%5CIndex%20Data%5C91thru94%5CTxt%5C00000009%5C000002JA.txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=ZyActionL&Back=ZyActionS&BackDesc=Results%20page&MaximumPages=1&ZyEntry=1&SeekPage=x&ZyPURL
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It has been shown that 'adaptive opportunities' are
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Circadian rhythms = the physical, mental, and behavioral changes an organism experiences over a 24-hour cycle

The Circadian Rhythm Cycle ‘ S A X \ N\ VAV A T
Melato.nln Deep sleep e s = S > X A g @
secretion 3 B\ (f 4

Highest blood Lowest body
pressure temperature
Highest body Cortisol
temperature release
Fastest Fastest increase

reaction times in blood pressure

Best
coordination

High
alertness

Midday

Source: Press release. NobelPrize.org. Nobel Media AB 2021. Fri. 8 Jan 2021.<htlps:/fwww.nobelprize.org/prizes/medicine/2017/press-release/>
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https://nigms.nih.gov/education/fact-sheets/Pages/Circadian-Rhythms.aspx#176
https://nigms.nih.gov/education/fact-sheets/Pages/Circadian-Rhythms.aspx#30
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Technology gap
Currently there is a technology gap between the technical solutions known by the
design teams and the real health and wellbeing benefits for the human beings.

The goal is to close this gap by investigating how biophilic strategies can be
translated into engineering and architectural design solutions.

Technical solutions for the indoor climate environment

Indoor air Acoustics Daylight Indoor
quality temperature

Olfactic
stimuli

Natural
sounds

View to
nature

8
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Technology gap

Currently there is a technology gap between the technical solutions known by the design teams
and the real health and wellbeing benefits for the human being.

The goal is to close this gap and to explore biophilic strategies with our clients in a concrete
way.

Technical solutions for the indoor climate environment

Indoor air Acoustics Daylight Indoor
quality temperature

Positive effects to the human

Healthy Good working Connection Concentration
living environment with nature & focus
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Biophilic design approach



The principles of Biophilic design

Physical presence
of nature in the
space

NATURE

ANALOGUES

Indirect connection
through mimicry and
evocations of nature

NATURE OF

THE SPACE

Engaging spatial
configuration and
layout that can be
found in nature



Inventorising biophilic strategies

Presence of Water

Both natural and built scenes containing water were associated with higher preferences,
greater positive affect and higher perceived restorativeness than those without water.
Images of “built” environments containing water were generally rated just as positively as
natural “green” space.

(White, M., Smith, A., Humphryes, K., Pahl, S., Snelling, D. and Depledge, M. (2010). Blue space: The importance of water
for preference, affect, and restorativeness ratings of natural and built scenes.)

Health
Domain

**”
L J

Psychological

Factors

Metrics

* Sound of water
indoor

* Body of water or
picture of water

* Indoor humidity

+ decibels,

soundscape
quality brown
noise, pink
noise, white
noise)

+ Water flow,

m2, m3:

* % relative

humidity




Inventorising biophilic strategies

Thermal and airflow variability Health Factors Metrics
Domain
» degrees,
Importantly, a stringent indoor climate control does not guarantee a healthy working VA dellvery range gziﬁ?'c e

environment. Adding more temperature variability in buildings might stimulate the

thermoregulatory system and improve occupants’ health * Variety of indoor - spaces with

climates gradient of T
(Marken Lichtenbelt, Pallubinsky, Te Kulve, 2018. Modulation of thermogenesis and metabolic health: a built environment Airflow deli Kp it
. . ) + Airflow delivery . a, variety
perspective) Phys:olog/cal management of airflows

Hm ﬁll
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STRATEGIES
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anmmlmklaﬁgmmmmmjthe day
NEDERLANDS VLAAMSE BOUWFYSICA VEREMIGING Circadian Lig hting

o=
l \ <10 Melanopic EDI | Recommended for nighttime hours.
. >136 Melanopic Accepted for circadian
Strategies EDI synchronization.
Circadian lighting reproduced the colours and temperature of the natural
light cycle; indoors circadian lighting lamps can be installed in <250 Melanopic Recommended for circadian
permanently occupied spaces. EDI synchronization

*EDI = Equivalent Daylight Illuminanace

integrated nature

Circadian lighting in office spaces — adjusting light brightness and Allowing local control of circadian lighting, shading/glare,

color temperature to mimic sunlight temperature -

uake r abt
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Kaarslicht  Gloeilamp Daglicht Fel zonlicht '
Zonsopgang l

Daglicht Gloeilamp
0 LUX 2000LUX TL verlichting wit LED

1000K 2000K 000K 4000K 5000K  6000K 7000K 8000 K 9000K 10000K

LICHTKLEUR LICHTINTENSITEIT LICHTSPECTRUM

[] Blauw (koud) licht
D Oranje (warm) licht

|:| Cortisol
. Melatonine
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Moss Wall Panels

Veneered Wood Ceiling

125 250 500 | 1000 | 2000 | 4000
Hz Hz Hz Hz Hz Hz

oun | 029 | 0,58 | 0,93 | 1,05 | 0,98

aw 0,55, NRC 0,70

» Engineered Veneer has a consistent

appearance

* Made from 100% wood
* Pre-applied acoustic non-woven

material on reverse side

125 250 500 | 1000 | 2000 | 4000
Hz Hz Hz Hz Hz Hz

0,46 | 0,87 | 0,97 | 0,93 | 0,89 | 0,75

aw 0,9, NRC 0,95

Mycgli [ Panels

AVAVAVAVAVA
AVAVNAN VAVA
VAVAY VAV#X

AVAVA. AVA
VAVAVAVANANAY
VAVAVAVAYAY
VAVAY

Acoustic Wood Wool Wall Panels

obtained by growing mycelium, the
vegetative part of mushrooms, on
organic fibres.

system combines Nature’s
vernacular materiality with the
radical innovation deriving from
mycelium-based technologies

125 250 500 | 1000 | 2000 | 4000
Hz Hz Hz Hz Hz Hz

0,11 0,31 0,48 | 0,34 | 0,42 | 0,46

NRC 0,39

125 250 500 | 1000 | 2000 | 4000
Hz Hz Hz Hz Hz Hz

0,55 | 0,70 | 0,90 | 1,00 | 0,90 | 1,00

aw 0,9, NRCO0,9

18
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Desk dividers Schermen

Wand panelen

esk 3 1. Water wanden

1.Greenmood G

1.Groene wand paneel

Voordelen Nigatari Vecedekn Nadulen
Biobased materiaal Hoogte ligt onder do 65 cm, namelijk 35 cm. Behoort tor elementen van {nonkvisual Absorbeert goen peluld omdat het gemaskt is
Toepassing van materiaaltextuur afkomstig van | Reindeer mos heeft een lage NRC-waarde. Voordelen MNadelen connection with nature. wan eun geluid reflecterende materisatioart
de natuur. Teepassing van biomorfe vormen, Te lage NRC-waarde voor aptimalisatie en Stimubert natuurgeluiden alkomstig van hat | Do waterwand wordt oigenlik bedcalt em de
Gebruik van de natuurlijke Meurenpaiet Zal et voor reductie van de STl zorgen. reductie water. | bineen lucht wat vochtiger te maken
Toepassing van een plant . Veriagt de SPLnaar de andere bureau- Wet gelud afkomstis van de waterwand kan

" Bal mos heeft een NRC-waarde van 0,75, Blokaed matariaal _ . elanden niet gediend worden ais sound maskieg omdst
A N Akoestisch en dempt geluid. Toepassing van materiaaltexturen afkomstig het te laag is.
—_ 1 . Toepassing van biomorfe vormen. van de natuur.
N t s Gebruik van een natuurlijke kleurenpalet. 2. Kurk schermen
K - - Toepassing van planten
Bedrukte muren Veordeien Nadeien

2. Mos desk divider

Kan toegepast worden op hout en gips. Kurk hooft oen lige NRC-waiede van 0,3

De wanden rebben een hoogte van 160 en 180

Voordelen | Nadelen { + Rendiermos: 0.55 om, wat perceg SPLreducoert
Biobased materiaal Reindeer mos heeft een lage NRC-waarde van « Bal mos: 0.7 ‘Gebrulk van de natuurijke
0,55.0p 2ich is dit geen probleem 20 lang het : '
ey + Forest: 0,40 Keute ut torpassing ven Biomorle vormen
: - s e e o = Toepassing van materiaaltaxturen skomsty
‘oepassing van materisaltextuur afkomstig van | 15 niet akoestisch en dempt geen gelui 2. Mycelium wand paneel AP
L de natuur. o — e T —
AR Gebruik van de natuurljke Meurenpalet onpassing van een bedilae mear
o 104x66x9cmbxhxd) Toepassing van een plant Voordelen Nadelen
. :;: xt" Esm:tx :x:; Hoogte is 66 cm, wat SPL voldoende reduceert. Toepassing van biomerfe vormen. Te lage NRC-waarde voor optimalisatie en
« MoxsTSx9embxhx ing van bi = N
« 160x475x9ambxhxd) Toepassing van bomorfe vormr reductie. 3. Grscreens
Biobased materiaal
2 ey - Vecedeun Nadulers
Plafond panelen Toepassing van materiaaltexturen afkomstig Blobased materiasl Rendeer mos hoeft een lage NRC-waarde,
wan de natuur. namalik 0,55,
= Gebruik van een natuurlijke kleurenpalet. Toepassing van materaaltestuur afkomstig van
B _1.Hover Light plafond paneel Toepassing van kunst, LT —
Kan toegepast worden op hout en gips. Gebrulk van de natuurijke Keurenpalet.
Voordeten Nagelen _Toegassing van een plant T
Blobased materiaal. Relndeer mos heeft een lage NRC-waarde, 821 mos beaft oo NRC-wasrde wan 0,75, !
ramelijk 0,55. W Maatwerk. Akoestisch en dempt geluid.
Toopassing van materiaaltextuur afkomstigvan  Forest heeft een lage NAC-waarde, namelijk NRC-waarde per materiaal: i ing ve fir vorm
pe + 50x50x2cm(bxhxd -Lapang von bocadde vormen,

e natuar. Scherman hebban een hoagte van min. 140cm, |

_namelije 160 en 180 ¢
uceert SPL Tot onder 43 dB,

* Mycelium 0.6

B0x60x2cm (bxhxd)

50x100x2cm (bxhxd)

Bal mos hoeft con NRC-wasrde van 0,75, P H ~ I .
Axoestisch en dempt goluid 1 3. Biofold wand paneel % Akoestick room divider XL
Toepassing van blomorte vormen, 4

Paneel kan toegenast worden 0p beton

Bal mos kan SPL reduceren tot onder 48 0B,

ebruik van de natuurlijke
cepassing van een plant,

Voordelen Nadelen wans

Toepassing van blomorfe vormen.

Biobased materiaal.

Toepassing van materiaaltexturen afkomstig

van de natuur.

Gebrulk van een natuurlijke -

| Toepassing van kunst

ordelen | Nadelen

oo Fains eler
epassing van biomorfe vormen Geen loepassing van materisalte:
~ _ afeomsty van de natuur
Torpassirg van bedrubte muren Gawn biobgsed materisl
h Gebeulk van de natuurbjke Meurenpales.
NRC-waarce van 0,70,

Akoestisch en dempt geluid.

waarde per materiaal is:
« Readiermos: 055

* Bal mos: 075

* Forest: 0.40

2. Sound off Cloud plafond paneel

Batall, Wovrpane T , Scherm heeft sen hoogte van boven de 140 cm, |
V: | Kan toegepast worden op hout en gips. Mastwerk: "
T 5 - NHE sadrde per e coeal g NAC waade om 57 ongeden van 4 e el 244 o ! -
= ey ;:';"‘ iy = e e o Jute kofflezak: 0,95 ey e Fachuoeren Reduceert SPL 1ot codr 48 4B,
o SSing v i 1 t0epassing van materiaaltextuus . i X
== -— ‘wikiomietig vari 38 Retia Biologisch afbreekbaar plastic: 0,95
- — Een NAC-waarde van 0,85. Geen toepassing van een plant « Cellulose: 0,95
NRC-waarde per materiaal is:  Maatwerk Toepassing van biomorfe vormen. « Hennep: 095 N
o PET-vilt 085 ' 80 can (dlameter) Akoestisch en dempt geluid, a N § S PR |
{fectlaman) e e i ] 4 Wood wool wand paneel )
* 140 cm (diameter) Kan SPL reduceren tot onder 48 d8.
— - R - Voordelen Nadelen
SiUrpintcie A Tond el Toepassing van biomorte vormen
Voardelen Nadelen Biobased materiaal.
Gebruik van gl Geen biobased materisal. Toepassing van materiaaltexturen afkomstig
Toepassing van een plant. Geen toepassing van materisaltextuur van de natuur,
afkomstig van de natuur. | Gebruik van een natuurlijke kleurenpalet.
Een NRC.waarde van 0,85. (Geen toepassing van een plant. Toepassing van kunst.
Toapassing van biomarfe vorman. Kan toegepast worden op hout en gips
shootiech an dermptpstud. ; S Hoge NRC-waarde om SPL en geluiden van de
aneel ke toegepast worden op beton. :
Kan SPL reduceren tot ander 48 dB. N‘ﬁ‘c“_; e e marerthal) Maatwerk: peateyte caducaren
per materiaal Maatwerk: H lp:) 6 © e 15am(d)
. ;
8 loutvezel: 0,9¢ o 25m(d)
o < * 35am(d)
Vaordelen Nadelen ] ¢ 50cm(d)
Toapassing van biomarfe vormen. Lage NRC-waarde, niet genoeg om SPLen « < s -
goluidon van da pantry te reduceren | 5. Biopulp wand paneel
Biobased materiaal. | - = el SEAR —
Toepassing van materiaaltexturen afkomstie Voordelen Nadelen
van de natuur. | Biobased materiaal. Een te lage NRC-waarde wat de SPL en geluiden
Maatwerk Ve Gan il i Kaarenpalat van de pantry niet genoeg zal reduceren
* Houtwal: 0,40 + 120x60x25cm(bxhxd Rt Bedrukte muur.
Kan toegepast worden op beton Toepassing van materiaaltexturen afkomstig

van de natuur.

Gebrulk van een natuurliji

b \ 251 Toepassing van kunst.
Kimasckabe, el wend pave Kan toegepast worden op hout en gips.
NRC-waarde per materiaal: ~ Maatwerk:

u + Cellulose: 0.35 * 100x50x2cm(bxhxd
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PROJECT EXAMPLE: PALEIS
VAN JUSITIE, DEN HAAG AND
THE GRADIENT BUILDING



Paleis van Justitie

Den Haag
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NELERLanDY viafmsk a6OUwrrSiCan VErneMmslhis

Higher temperature

Lower temperature

Inclusion of nature

buiten Klimaat

il y
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Outdoor climage Sheltered spaces Passively controlled Indirectly controlled Actively controlled Strictly Controlled
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NEDERLAND: Zonering Traditioneel Prijsvraag concept
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B Installatieomvang:
100% < 65%

Sy Energie gebruik verwarmen, koelen:
e 100% < 50%
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A field study: what effects does biophilic design have in an office
space?

27
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- Environmental psychology,
- Ergonomics,

- Movement theory,

- Physiology,

- Brain development

AN INTERDISCIPLINARY CHALLENGE
There are different areas of knowledge I ﬁ
that are involved such as:

® \ v




m BOUWFYSICA cCan we measure & monitor the effects of biophilic design overtime?
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Biophilic Desi Rl 74|
Biophilic design can positively affect human behaviours by influencing cog- - Some research presant
nitive and psychological aspects while reducing ‘Sick building syndrome’.

- Mo information

Building physics and human related indicators relevant for each biophilic
strategy are mapped and scored in this matrix.

Domain Patterns Factors
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Methodology

Case study: ABT Delft office

* Questionnaire to occupants-> how is the comfort level
in the office?

« [AQ monitoring study> are the enviromental
parameters satisfying?

* What about odours, visual connection with nature?

* How can we monitor physiological data of our
occupants?

We want to assess the
impact of biophilic
strategies on these 3 main
domains

i

Y

COGNITIVE FUNCTIONALITY
& PERFORMANCE

Cognitive functioning
encompasses our mental
agility and memory, and

our ability to think, learn
and output either logically
or creatively.

Ir!l‘r'?

1T
leiwllldl o0

PSYCHOLOGICAL HEALTH &
WELLBEING

Psychological responses
encompass our adaptability,
alertness, attention,
concentration, emotion and
mood.

. 1
! [} [ l‘!l_,.v
P01

lggna

PHYSIOLOGICAL HEALTH
&WELLBEING

Physiological responses
encompass our aural,
musculoskeletal,
respiratory, circadian
systems and overall
physical comfort.
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Methodology

Case study: ABT Delft office

* Perceived comfort and wellbeing: Questionnaire to
occupants-> how is the comfort level in the office?

* Enviromental data: IAQ monitoring study> are the
enviromental parameters satisfying?

* Connection with nature: What about odours, visual
connection with nature?

* Physiological wellbeing: How can we monitor
physiological data of our occupants?

''''''''''''

I gel I
I fit ]

IR T
= EEHE e
1 il | .
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HASHIn * Sound level pressure monitored through a UMIK
microphone
 Excluding the lunch break
T * Peaks are ar 68 db, mainly due to noise from people
N speaking

* Lowestat 35db
 Noise sources are pantry (coffee machine),
ventilation fans, people speaking

33
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o

Baseline [AQ monitoring

Office monitoring Through SENSI:

* Average humidity is 45%, which is within
office threshold;

* Temperature fluctuates within 19-21 degrees

* (COz2 levels < 800 ppm at all times, some
peaks in canteen

)
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Physiological testing with skin temperature
ibuttons - to measure local comfort

We have located the ibuttons on 3 positions

per tester:

* Chest
 Hand

« Chloting

Skin Temperature sensor

* Hearbit x 3s = to measure stress levels
and relaxation

-> Working with Maastrich University department of
Science and nutrition

Fitbit watch Sense 2
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Experiment: biophilic strategies applied

Biophilic strategies:

Week o - Briefing meeting

- Baseline health metrics
montoring

Week 1- Sound masking option
Week 2- Natural ventilation

Week 3 - Locate plants by the
side of the desks

Week 4 - Immersive space

7
/
|
|
|
| * Speakers behing ceiling islands
|
|
[ [ ) @
|
|
I — —
\ [ [
N\
N o o e e o e o e e o e o e o o o e -
Option 1- Sound masking
-, S O - O S S S S S S S S S S e S S . . . .
/
|
| e ()
I 1
I * Speakers behing ceiling islands l
| B Y )
| e o
| - i
|
| o
[
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Option 3- Visual connection with greenery
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Option 2- Natural ventilation
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Option 4- Immersive week ’
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Experiment: Sound masking

Sound Masking Curve

An effective sound masking system is engineered to play a specific spectrum that does the
following:

*Masks out critical frequencies of speech without adding unnecessary noise at higher
frequencies.

*|s tuned to make sure there are no tonal components (jump from one frequency to the next),
which helps minimise the perception of the sound.

*Takes into account the existing ambient noise level within the space. Rather than ‘adding on’
sound, it works out what the existing spectrum is and fills the gaps to bring it up to the desired
curve. Be tuned in each individual location..

Figure 5 - Ideal sound masking curve and typical office ambient noise Figure 6 - Sound Masking tuned frequency levels
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The Sounds of an Open Office

90

T

N
N

2¢

. 7

\

125 250 500 1000 2000 4000
FREQUENCY IN CYCLES PER SECOND

‘The three major sounds almost universally encountered in any business office are
speech sounds, typewriter and miechanical equipment noises. Together they compose our
acoustical environment. Chart shows typical relationship of these sounds in frequency
(cycle per second) and Aecibels (loudness), It demonstrates now one kind of sound
can mask another kind of sound (such as speech) and create acoustical privacy, so
long as the masking sound is in the same decibel and frequency range as the sound
being masked, In general, speech becomes distracting to someone trying to concentrate
not when it is perceived as sound coming in, but when it can be understood. Noise
per se is not necessarily distracting.

Tuning the office sound masking and the
architectonics of office work
Joeri Bruyninckx

Human speech, represented

by dots. ranges widely in vol-

1 s o o ume. However. most of the

7 EEEEE o information content falls into

b 5 5 5 5

// b : g %0 ] // higher frequencies. Thus typ-
qd * .

ing noises, rich in masking

ability, can create good
speech privacy in open zones.

Airconditioning sounds fall
largely into lower frequency
range, do not mask speech

effectively unless the volume
\ is inventionally raised consid-

erably, which becomes dis-
wrbing to people. As repre-
sented here, air conditioning
sounds are raised slightly,
enough to mask but not to
distract.

Below a certain frequency and
decibel range, sounds cannot
be perceived clearly. Our phys-

~
[T~ iological mechanisms cuc off,
and sound is interpreted as a
¢ l I | A’/{/ [ noise in our head. This is

called the threshold of hear-
ing.
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Results: physiological KPIs Sound masking
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Results: physiological KPIs immersive week
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