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How do people
feel In these environements?



How would they rate their thermal comfort?
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How
satisfied are they?
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Employee satisfaction with critical features and

services
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39% Is satisfied about the temperature control
61% is not
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Primary energy consumption in the U.S. and EU

Agriculture Other
2.2% 0.5%

Industry
25.9%

Buildings
58.1%

Transport

33.357% (International Energy
Agengy, 2013)
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Primary energy consumption in the U.S. and EU

Agriculture Other
2.2% 0.5%

. Industry
Buildings 55 9%
18%
HVAC systems
20%

Transport (International Energy

o
535.57% Agengy, 2013)
(X. Cao et al, 2016)
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|s there a way to provide people with more
personal control over the temperature in a more
effective and energy-efficient manner?
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Airspeed (m/s)

1.5

1.0

0.5

0.0

0.0

1.0

2.0

ATO (K)

3.0

Z0
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E = Evaporation Ere = Latent water vapor
of Sweat for Heat L = Dry Heat
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R = Heat loss by
Radiation

M = Metabolic Rate

K = Heattransfer
from skin to outer
surface of the
clothes

'/ H = Internal
' 4 Heat Production
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Problem statement
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Problem statement

Develop an evidence-based framework for personalized air velocity
for occupants in open-plan offices in a temperate maritime climate,
aimed at enhancing comfort and productivity,
and illustrate this through an effective design solution.
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Problem statement

Develop an evidence-based framework for personalized air velocity
for occupants in open-plan offices in a temperate maritime climate,
aimed at enhancing comfort and productivity,
and illustrate this through an effective design solution.
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Research guestion

How can we develop an evidence-based framework to implement
personalized air velocity for occupants in open-plan offices during summer
and design an effective solution?



Methodology
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Methodology

Literature Review
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Perceived Control
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the belief in one’s ability to exert control over
situations or events
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Conceptual model perceived control
simpliefied

Perception | Environmental
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Conceptual model perceived control
simpliefied

Perception  "Environmental

Behaviour
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Operative Relative
Temperature Humidity
(°C) (%)

24-30 °C 40 -607%
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Alrspeed
(m/s)
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Clothing Metabolic
Insulation Rate
(clo) (met)
0.6 clo 1-14 met
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Airspeed (m/s)
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Prefered airspeed under different temperatures for male and female (Zhai et al., 201/)
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SO give someone control over the airspeed
and done?
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Perception  "Environmental

Behaviour
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experiences

/\
\4

expectations

<>

locus of
control

/\
NV

Partially based on Hellwig (2015) combined with factors proposed by Bandura (1986)

percelived
control
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Locus of control

- Internal locus of Control

- External locus of Control
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s It a problem that we don't know those
experiences and expectations?
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Perception  "Environmental

Behaviour
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Perception  "Environmental

Behaviour
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Knowlegde gap:

What are the user experiences and expectations regarding
a personal environmental control system utilizing elevated
alrspeed, and what Is the expert insight and expertise
concerning its implementation?
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Knowlegde gap:

What are the user experiences and expectations regarding
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Before we continue, are there any applications
that already provide increased airspeed and
perform well In an open-plan
office environment?
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6 Climate Ceiling TNO

9.5 Climate table Ahrend

8.4 Partition PECS
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Still a lot of room for improvement
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Respondents

User backgrounds

Expert backgrounds
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Maintenance engineer
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Intensity
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Draft felt by other occupants




Draft felt by other occupants




Draft felt by other occupa'
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Flexipbility of floorplan
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SICF# daily
S/AHCEF /ZAV 3 years
SERVICES /- 20 years
SKIN 20 + years

STRUCTURE 30 - 300 years

b
N s permanent

( Brand, 1994)




Contextual and aesthetic
integration

(Melikov, 2007)
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All factors have been identified, so we can start
designing



Framework
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( Tati, 1949)
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( Tati, 1949)
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Drivers, Criteria, Requirements,
and Considerations



Control
Precize Visual

adjustable per & tangible

body par feedback
Position Communicate

the contol by using:

pointin the 1. Buttons,

2nd or 3rd 2. Symbols,

ergonomic 3. Letters/
zone Numbers

Design means
for finetuning

airspeed

Design means
for automated

function

Add memory
capability
function

Add presence
Sensors

Design means
for on/off
function

Provide a
physical analog
control interface

Provide a digitial
interface

integrate with
central bulding
managment
system

Performance
, Avoid draft
Silent felt by towards
operation
occupants
Position Seerl]eeﬁtir‘?
the device fici 9y
i the 3rd efficient fan(s)
ergonomic zone to p/roduce L5
or beyond m/s at user’s
location
Design Design
means for means for
targeting targeting
airflow to airflow to
arms forehead
Balancing
air speed
Add HEPA filter and volume

(if necessary)

Design
means for
targeting
airflow on

feet

Design
means for
achieving
an airpower
spectrum slope
=18

by maximizing
surface area
output

Provide

automatic

control of
airspeed

Design
means for
achieving
turbulence
INntensity
between
40% - 60%

Robustness
Contextual Flexibiltly
and aesthetic towards the

i : office floorplans
integration
Design
Keep each for easy
layer easy to maintenance
separate to be done by
non-experts
Base your Design
design on a 300 for ease of

mm grid or on
furniture size

Provide
devices in
multiple colors
and textures

Design
the PEC as
a detachable
element from
the building

Select
material with
low thermal
emmissivity

dissassembly

Design means
to prevent dirt
accumulation

Provide
means
for adjusting
for personal
selection of
settings

Select
sustainable
materials









MUST

SHOULD

Control
Precize Visual

adjustable per & tangible

body par feedback
Position Communicate

the contol by using:

pointin the 1. Buttons,

2nd or 3rd 2. Symbols,

ergonomic 3. Letters/
Zone Numbers

Design means
for finetuning

airspeed

Design means
for automated

function

Design means
for on/off
function

Provide a
physical analog
control interface

Add memory

capability

function

Add presence

Sensors

Provide a digitial
interface

integrate with
central bulding
managment
system

Performance
| Avoid draft
Silent felt by towards
operation
occupants
- Selecting
Position
the device cery

efficient fan(s)

in the 3rd
ergonomic zone o p/rodtuce 1.5
or beyond m/s a u;ers
location
Design Design
means for means for
targeting targeting
airflow to airflow to
arms forehead
Balancing
air speed
Add HEPA filter and volume

(if necessary) by maximizing
surface area

output

Design

Provide
means for .
targeting automatic
airflow on control of
feet airspeed
Design Design
means for means for
achieving achieving
an airpower tu;]k%uthentce
spectrum slope lbeetvvséeyn
f=18 40% - 60%

Robustness
Contextual Flexibiltiy
and aesthetic towards the

i : office floorplans
integration
Design
Keep each for easy
layer easy to maintenance
separate to be done by
non-experts
Base your Design
design on a 300 for ease of

mm grid or on
furniture size

Provide
devices in
multiple colors
and textures

Design
the PEC as
a detachable
element from
the building

Select
material with
low thermal
emmissivity

dissassembly

Design means
to prevent dirt
accumulation

Provide
means
for adjusting
for personal
selection of
settings

Select
sustainable
materials
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DESIGN
CRITERIA

DESIGN

REQUIREMENT

DESIGN

CONSIDERATION

Control

Precize
adjustable per
body part

Position
the contol
point in the
2nd or 3rd
ergonomic

zone

Design means
for finetuning
airspeed

Design means
for automated

function

Add memory
capability
function

Add presence
Sensors

Visual
& tangible
feedback

Communicate
by using:
1. Buttons,
2. Symbols,
3. Letters/
Numbers

Design means
for on/off
function

Provide a
physical analog
control interface

Provide a digitial
interface

integrate with
central bulding
managment
system

Performance

Silent
operation

Position
the device
in the 3rd
ergonomic zone
or beyond

Design
means for
targeting
airflow to

arms

Add HEPA filter
(if necessary)

Design
means for
targeting
airflow on
feet

Design
means for
achieving
an airpower
spectrum slope
=18

Avoid draft
felt by towards
occupants

Selecting
energy-
efficient fan(s)
to produce 1.5
m/s at user’s

location

Design
means for
targeting
airflow to

forehead

Balancing
air speed
and volume
by maximizing
surface area

output

Provide

automatic

control of
airspeed

Design
means for
achieving
turbulence
intensity
petween
40% - 60%

Robustness

Contextual
and aesthetic
integration

Keep each
layer easy to
separate

Base your
design on a 300
mm grid or on
furniture size

Provide
devices in
multiple colors
and textures

Design
the PEC as
a detachable
element from
the building

Select
material with
low thermal
emmissivity

Flexibiltiy
towards the
office floorplans

Design
for easy
Mmaintenance
to be done by
non-experts

Design
for ease of
dissassembly

Design means
to prevent dirt
accumulation

Provide
means
for adjusting
for personal
selection of
settings

Select
sustainable
materials




Ergonomic Manual

Measurements for a BreezeMaker Device based on the
minimum & maximum dimensions of the human body in centimeters

Table width (extra): 180

A
Y

Table Width: 160

A
Y
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Acoustic A |
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artitioning e
Heizct;ht o He|gPt. 50
5 l
|
Y 2 % _J’
min.
a%?ustjc | \
partitioning:
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\ | grid‘size \ | |
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Partitioning
Width :121 M
1 A Width
Desk-mounted
PC attachment: :
Yy 20 E
A =
80 y
60
40
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easy reach length :
65

108

Sitting Hip Width: 40.1
Schoulder Width: 49.3 —>

Max. Height of Ventilation

Opening Area: 67

Easy Eye Movement

Good Visual Zone

Maximum Eye Movement:

Zzxyxyyzzzz

Minimum Sitting Angle
Venilation Area :

Sitting Separation Angle
Vgenilation Area: ’

Maximum Sitting Angle
Venilation Area:

Large Man Sitting:
1429.7 :

(‘o

SmalWomen
Kin height
9

2
DNoM
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L

ZZ

Visual Display

Letter Style : Simple and Sans Serif

(e.g., Futura, Helvetica,

Venus or Gothic)

Location of

Titles : Above displays or
controls (except when
the control or display
is above eye level

Character

Orientation : Prefer always vertical

Work

Orientation : HEEEEIENS
horizontal

Optimum Con-

trast : 10:1

Min. Contrast

ratio: 3:1

Spacing Optimum 1.9
between controlers:

Minimum Font
Heigt 3.3
Routine Marking

Minimum Font
Heigt 4.8
Critical Marking

Minimum Size of Indexes Low Illumination

Major Index : 7.1 x 1.1
Minor Index : 3.3 x .81

Intermediate : 5.1 x .91
Spacing : 2.3
Minimum Size of Indexes High Illumination

Major Index : 7.1 x 4
Minor Index : 2.8 x 0.4

Intermediate : 5.1 x 4
Spacing : 1.8

4

Visual Limit

Limit of Color Discrimination

Max. Eye Movement

Large Man
NEIIRRA)

Separatiog

upper

rgﬁddle:
1491

Table
Height
Standing:
120

é}
2

Organization
Panel 1. Physical Button
Hierarchy : 2. Symbols
3. Letters
Panel prioritiy controls

Organization :

Climate
Communication:

On/Off:

Increase/Decrease:

Raise/Lower:

first, related controls
together, max 8
controls

warm(er) or cold(er),
temperature up or
down

Up/Down, Right/Left,
Fwd/Back, Pull/Push,
Clockwise/Counnter C

Up/Down, Right/Left,
Fwd/Back,
Clockwise/Counnter C

Up/Down, Back/Fwd
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Measurements for a BreezeMaker Device based on the S'tt'%gﬁggg'ﬂe@?gb Py
minimum & maximum dimensions of the human body in centimeters

Limit of Color Discrimination

Maximum Sitting Angle

Max. Eye Movement
Venilation Area:

Large Man

Table width (extra): 180 Standing:200

A
Y

Table Width: 160

A
Y
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upper &
— Large Man Sitting: middle:
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' able
' \ | C Height
Max. i Stand|ln290
PAcc_;ust[c A [ ' ——
artitionin
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Max. | 8 8 : 8
Ao Visual Display Organization
Partitioning : : - :
Width :12 1 Letter Style : Simple and Sans Serif Minimum Font Panel 1. Physical Button
’ A Vm?h \ (e.g., Futura, Helvetica, Heigt 3.3 Hierarchy : 2. Symbols
Desk-mounted | | Venus or Gothic) Routine Marking 3. Letters
PC attachment:
Y 20 < \ | Location of o Panel elgle]gt\Aelelglige]
A ‘ | Easy Eye Movement Titles : Above displays or Minimum Font Organization : first, related controls
controls (except when H . together, max 8
- | | the control or display elgt 4.8 controls
: > | Good Visual Zone is above eye level Critical Marklng T—
60 \ | Character Communication: warm(er) or cold(er),
40 ‘ | Maximum Eye Movement: Orientation : Prefer always vertical Minimum Size of Indexes Low Illumination temperature up or
Major Index : 7.1 x 1.1 down
‘ 45 I Work I I I I I I I I I I I Minor Index : 3.3 x .81
N v v ! Orientation : Prefer always : On/Off: Up/Down, Right/Left,
- horizontal R Fwd/Back, Pull/Push,
easy reach length : Optimum Con- Spacing : 2.5 Clockwise/Counnter C
65 trast : 10:1
v Minimum Size of Indexes High Illumination  Increase/Decrease: Up/Down, Right/Left,
Min. Contrast o Fwd/Back,
ratio: 3:1 | AT ITEIEACE Jn e Clockwise/Counnter C
Minor Index : 2.8 x 0.4
109 il -
Sitting Hip Width: 40.1 Spacing Optimum 1.9 Intermediate : 5.1 x 4 Raise/Lower: Up/Down, Back/Fwd
betw trolers: Spacing : 1.8
Schoulder Width: 493 —> - -




Application of the
Framework



Morphological Chart Method

111
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Morphological Chart Method

BISN[e]l
Requirement 1

Variation 1 Variation 2 Variation 3 etc
Design
Requirement 2
Variation 1 Variation 2 Variation 3
Design
Requirement 3
Variation 1 Variation 2 Variation 3 Variation 4 Variation 5 Variation 6 Variation 7




Physical Interface

Finetuning

Automatic preset
funtion

113



Physical Interface

Finetuning

Automatic preset
funtion

114



| /2
17

Easy Eye Movement

Good Visual Zone

Maximum Eye Movement:

Visual Limit
Limit of Color Discrimination
Max. Eye Movement

Large Man
Standing:200

Separatiog

upper

r%Fi)ddle:
149.1
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How do you determine which
variant is the best?

118



Harris profile

119



-10 -5 45 +10

Design Criteria 1

Design Criteria 2

Design Criteria 3

Design Criteria 4

Design Criteria 5

Design Criteria 6

120



Silent operation

Avoid Draft felt by Others

Precize Adjustable per Body
Fart

Visual & Tangible Feedback

Cont. and Aesthic integration

Flexibiltly towards the office
floorplans

121

-10

-

+5 +10




Airflow on Arms

under the desk (5) partition(35) full 3rd erg. zone (15) flow under pc screen (35) box under pc screen (15) lamp idea (15) side elements (20)
-5 +5 +10|l-10 -5 45 +10]-10 -5 +5 +10|-10 -5 +5 +10(-10 -5 45 +10|-10 -5 45 +10]-10 -5 +5 +10

N L
I

-10

Noiseless

No Draft felt by Others

Precize Adjustable per
Body Part

Visual & Tangible
Feedback

Visually Integrated

Limitless office space
Flexibllity

122



Partition element

Deskmounted

Ceiling mounted

123



Deskmounted element
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Partition element




Inlet Alr
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Ceiling mounted element

128
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Final Design




Conclusion & Final Design



Research guestion

How can we develop an evidence-based framework to implement
personalized air velocity for occupants in open-plan offices during summer
and design an effective solution?

133



Perception 'Environmental

Behaviour

134



Operative
Temperature

(°C)

24-30 °C

135

(o

Relative
Humidity
(%)

40 -60%

—Do
=0

Airspeed
(m/s)

0.2-15m/s

(R

o
Clothing Metabolic
Insulation Rate
(clo) (met)
0.6 clo 1-14 met



Control ' Performance @ Robustness

-~
------
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Criterial Criterig - -~

I

Considerations J&& Considerations Considerations

-~
______
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Control Performance Robustness

Precize Visual Avoid draft Contextual Flexibiltiy

adjustable per & tangible Opgellrg?ign felt by towards and aesthetic

towards the

body part feedback occupants integration office floorplans

140
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Test results projected onto the ASHRAE-55 standard (Zhai et al., 201/)
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Reset

A new minimum viable office
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Productivity

Efficiency of an employee
or group in performing
their role and contribute
to organisational goals

Meeting & collaboration

The ability of employees to
meet up with other colleagues
to share ideas, solutions and
solve problems

'iln"
000

1)

Community & culture

The collective identity, shared
values and mutual respect
amongst employees in the

workplace

Pride & enjoyment



