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ZIRPAC 7 APRIL & ZONDAG & APRIL 2018

Economie |

WERKPLEK

Onze

kantoren

worden steeds
slimmer

Grote bedrijven investeren veel in nieuwe, duurzame
kantoren, Wie zijn de voorlopers in Nederland?

Door orae medowetar Tracy Metz

inder murmer, mees
groen an meer hang
matten, De hippe, los-
s= startup-cultuur van
de hoodies lijkt het te
winnen van de corpo-
rate sults, en dat weersplegelt zich in de
werkompeving. Het kantoor moet yan-
daag de dag méér dan alleen onderdak
bileden,
Zois de werkplek - nu de urbeldsmark:
woret AADLTEAT - It alleen 1241 I de

mers y a
werkplek. Mictosoft publicserde vorig
jansin met de Amerikaan-

se kantoormeubelenfabrikant Steelcase
het rapport Creativity and the Futury of
Worken kwam daarin tot de conclusie dat
het moderne kantoor vooral veel afwisse-
ling moet bleden, Dat wil zeggen: genoeg
ruimtes waatin je metanderen kunt over-
leggen, maar ook genoeg plekicen waar je
in j¢ eentje geconcentreerd kunt werken.
Genoeg plakken voor gezelligheid en in-

teractie, maar cok genoeg mogelijkhedon
jeeven terugte trokken, Ook is het fijnals
dekoffie en het eten er lekker zijn, en als
het even kan: eenstomerij of sportvoor-
ening pal naast het Eantoor, Het verschil
met de afgeschutte hokjes in het traditio-
nele Ameriksanse kantoor, dezogeheten
cubiicles, kon haast niet groter zijn.
Bovendsen moet de nleuwe generatie
kantoren ook nog eens zo duurzaam mo-
gelijl zijn, Net als zijn gebruikers willen we
dat het kantoor-nieuwe-still zich gewe-
tensvol gedeaagt, door sulnig om te gaan
et el ghe #n Douwmaterizlen Goole be-

euwe, stimme’ kantaten; Applebouwy
deernelfsdén viif mitjard doflar in st
licon v Inde Verenlgde Staten werd
in 2017 inftotaal 119 miljard dollar uitgege-
ven, becijferde commercioel vastgoedma-
kelanr CBRE; het hoogste bedrag sinds ze-
venjaar, |

Maar ook 1n Nederland wordt volop na-
gedacht ol nleuwe kantoren, We be-
schrijven dite voorbeelden, die ieder op
hun eigen manfer katen xien wat het
‘nleuwe kantoor” kan of zelfs moet zijn,
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Smart buildings

Geintegreerd platform
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Smart buildings

5 Geintegreerd platform / \
Data en gebouw analyses
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Geintegreerd platform / |
Data en gebouw analyses
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v

Indentificeer de
alternatieven

v
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resultaten
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Problem statement
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Besluit-
vorming

™~

_

Besluit

Approach Author 1. Operational 2. Optimization | 3. Value Quantitative | Qualitative
Abdaliah & El- Yes Yes Sustainable Yes No
rayes (2016} Financial
Asadietal. (2012) | Yes Yes Sustainable Yes Mo

Financial

Moo Model
Camporeale etal. | Yes Yes Sustainable Yes No
(2017) Financial
Karatas & El- Yes Yes Sustainable Yes MNo
Rayes (2016) Financial
Arditi et al: (2015} | No No Financial Yes Yes

Sustainable
Eunctional

= Strategic
Nguyen & Aiello No No Sustainable Yes Yes
(2013) Strategic

Markal/Times Malidin etal. Yes Yes Sustainable Yes No

approach (2008]) Financial

Integer non-linear | Michael, etal. Yes Yes Sustainable Yes No

programming (2017) Financial

tool

Self-designed Shaikh et al. Yes Yes Sustainable Yes

| algotithm (2014) Strategic




Research question

» “Voorgaand onderzoek biedt een toereikend aantal modellen die kwantitatieve criteria
optimaliseren maar sluiten kwalitatieve criteria uit. In het vakgebied ‘smart buildings’ zijn
kwalitatieve criteria een groot onderdeel van de toegevoegde waarde. Daarom zijn geen
van de huidige modellen voldoende om de besluitnemer te ondersteunen naar het vinden
van smart technology”.

» Hoe kan een beslismodel de toegevoegde waarde van smart technology voorspellen?
1. Vraag: Welke parameters zijn noodzakelijk om de vraag te vertegenwoordigen?

2. Aanbod: Welke relevantie alternatieven kunnen er gemaakt worden op basis van de huidige technologie?
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Onderzoeksmethode

- |‘T A e
Het moet
betrouwbaar zijn

1
3 2
Het jet
tevee! Kosten —>

Wiskundig beslismodel

ERge

Het moet vriendelijk
in gebruik zijn
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Onderzoeksmethode:
Preference Function Modeling (PFM)

Al R | N|

f \ ].) N J -

Voorkeur score l
Totale voorkeur score = 1

(preference score criterion 1 x criterion weight x stakeholder weight) + 2
Criteri (preference score criterion 2 x crterion weight x stakeholder weight) + 3
riteria
. etc _’
gewicht

Vioorkeurscore: P(x) = ((x — xTXx — x2)(x0 — x1)(x0 — x2)) * yO + ((x — xONx — x2)/
(x1 = xONx1 = x2)) * y1 + ((x = x0)(x = xT)}(x2 — xO§x2 - x1)) * y2 etc...

¢t ¢e

Wiskundig beslismodel

Stakeholder
gewicht

P5 presentatie Niels Dijkstra




P5 presentatie Niels Dijkstra

Procedure

Stap 1

Stakeholders

A4

Stap 2

Vanabelen

Stap 3A

Cniteria

s1ap,

A4

Stap 6

Voarkeursscone

A A

Stap 7

Score ljst

X

Stap 8

Combinatie

A4

oS

Stap 3B

Voorwaarden

Stap 4

Alternatieven




Procedure

A4
X
A4

Stap 2 | Stap 3A Stap 5 p| Stap 6 p| Stap 7 )| Stap 8 }| Stap 9
Herhalng

Voorkeursscore Score st Combinatie

Stap 1

Stakeholders | | Vanabelen Criteria Gewicht

A4

Stap 3B | Stap 4

Vioorwaarden| | Alternatieven

Intarview

Interview

Alternatieven
ontwerpen

Interview

Activiteiten

Model

Interview

Maodel

P5 presentatie Niels Dijkstra




Procedure
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Interview ﬂ\ SR Stakeholder selectie

Variabelen
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‘= 1

g : i ¢[B Score lijst
T Interview | [
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g |
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Interview |

Model
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Stap 1: Stakeholder selectie

Verhuurder Huurder

ca. 200
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Alternatieven . )
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e B —— D s B
g . — r_‘fﬁ Score lijst
S Interview | | i —
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Stap 2: defineer variabelen
Stap 3: defineer voorwaarden en criteria

Stakeholders

Side Stakeholder \Variable \Voorwaarde/criterium
Costs criterium
Infrastructure criterium
Accuracy position criterium
Vastgoed manager Accuracy occupancy criterium
Market maturity Both
Tenant satisfaction criterium
Security voorwaarde
Privacy \voorwaarde
Insight in building use criterium
Accuracy of positioning criterium
Gebiedsontwikkelaar Scalf?\blllty vqorvyaarde
Sharing spaces criterium
Verhuurder Quality of space cr!ter!um
Costs criterium
Adviseur duurzaamheid Insight in bunld.mg use cr!ter!um
Energy reduction criterium
Insight in the building use criterium
. Cost to maintain criterium
Technisch vastgoed . ) -
managers Complexity to install criterium
Integration with existing infrastructure  |voorwaarde
Future proof criterium
Usability criterium
Costs criterium
Investeerder Tenant satisfaction criterium
Impact on costs criterium
Implementation complexity criterium
Insight building use criterium
Check presence in rooms criterium
Facility managers People gountlr\g in rooms cr!ter!um
User satisfaction criterium
Integration with FM system and out Voorwaarde
Huurder o
Costs criterium
User friendly criterium
Gebruikers Availability of rogms cr!ter!um
Support lay-out improvement criterium

wayfinding

criterium
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Stap 4: selecteer de alternatieven

Detectie (sensor)
Stroomvoorziening
Communicatie
Infrastructuur
Geintegreerde platform
Interface

o0k wWwhE

Integrated platform
Oipen Cloud Building Operation System
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(7
BLIP y

systems
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—LOC

NInir
CISCO
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LONE ROOFTOP
building intelligence

iotspot

~ s T A
V\bv

PHILIPS

Lighting
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Stap 5: gewicht toekennen aan criteria

Property Manager Investor Sustainability advisor User

m Costs = Usability
® Infrastructure
m Accuracy position ‘ m Costs

= Accuracy occupancy

= User friendly

= Insightin building

= Availability of
use

rooms

= Energy reduction R AT

13% = Market maturity improvement

= Tenant
satisfaction

= Tenant satisfaction

= wayfinding

Area developer Tenant manager Technical property manager Stakeholder weight

= |nsight building use
- |nS|ght|n bU||d|ng use i a3 = Insightin the bUIIdlng = Property manager
PRI = Check precense in a5 = Area developer
= Accuracy of positioning A R, T Yo e R,
; : = People counting in 40%
= Sharing spaces O = Complexity to install |“ Technical property manager

= User satisfaction = |nvestor

= Quality of space
® Tenant manager

= Costs = Future proof

m Costs

= User
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Stap 6: alternatieven beoordelen

Vastgoe

~re ot « 4 | BLOB®-
Ir:ril::iﬂr:'i:nargm-r Weight o bv Clsco bGrId —LBC

Voorkeur re
©

Toekomst 40%
bestendig

30%

Fa

osten

: 30%

Mauwkeurigheid
Positionering
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~re ot « 4 | BLOB®-
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Voorkeur re
©
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Stap 6: alternatieven beoordelen

Vastgoe

~re ot « 4 | BLOB®-
Ir:ril::iﬂr:'i:nargm-r Weight o bv Clsco bGrId —LBC

Voorkeur re
©

Toekomst 40% 100 0
bestendig
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Stap 6: alternatieven beoordelen

A altfialn . ' I BLO®—
vastg::;e r::nager Weight b b C I Sco bGrId

@ Voorkeur score

Toekomst 40% 90 100 0 40
bestendig

:€ 30%

Kosten

: 30%

Mauwkeurigheid
Positionering
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Stap 6: alternatieven beoordelen

Al . v BLOG—|
“lcisco | POrd ==(Cgc| -

Voorkeur score

o N ab .
Criteria “ b
Vastgoed manager| Weight

G

Toekomst
bestendig

€ 30% i

[ € 50,000 € 100.000 € 150.000 € 200.000

=]
o

5
&
O
o
g
o
F oY
o
Voorkeur score
o
o

Kosten

: 30%

Nauwkeurigheid
Positionering

Kosten
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Stap 6: alternatieven beoordelen

olduih: | bGrid BLOD-| . .

8O

~ c ¥
Criteria welght b C I S c o

Vastgoed manager

@ Voorkeur score

Toekomst 0% 90 100 0 40
bestendig

60

Voorkeur score

40

20

€ 30% il

Kosten €- € 50.000 € 100.000 € 150.000 € 200.000

: 30%

Nauwkeurigheid
Positionering

Kosten
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Stap 6: alternatieven beoordelen

Criteria
Vastgoed manager

Weight

™~ f
b

.
A4

el bGrid

G

Toekomst
bestendig

40%

Voorkeur score

90

100 0

40

€

Kosten

30%

&

Nauwkeurigheid
Positionering

30%
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Voorkeur score

120

100

8O

60

40

20

€ 50.000

€100.000
Kosten

€ 150.000

*

€ 200.000




Stap 6: alternatieven beoordelen

Criteria
Vastgoed manager| Weight

™~ f
b

.
A4

el bGrid

G

Toekomst
bestendig

40%

Voorkeur score

90

100 0

40

€ 30%

Kosten

: 30%

Nauwkeurigheid
Positionering
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€50.000

€100.000
Kosten

€ 150.000

*

€ 200,000




Stap 6: alternatieven beoordelen

Criteria
Vastgoed manager

Weight

™~ f
b

.
A4

el bGrid

G

Toekomst
bestendig

40%

Voorkeur score

90

100 0

40

€

Kosten

30%

&

Nauwkeurigheid
Positionering

30%
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Voorkeur score

120

100

8O

60

40

20

€ 50.000

€100.000
Kosten

€ 150.000

\
*

€ 200.000




Stap 6: alternatieven beoordelen

Aflllf\llllll'lu e 1 BLO®—
- C.C bGrid P“- 10 .
Vastggg;er::nager Weight b C I S c o L B C = \\\
Voorkeur score § | 4 M
@ “g' 60 \\.
Toekomst 40% 920 100 0 40 5

bestendig “0 | ' \\

20 - : | _ \
‘€ i\
30% il .

% ] I
Kosten €- €50,000 €100.000 €150.000 €200.000
Kosten
G} ~
30% ‘ % bv;
Nauwkeurigheid ...
Positionering
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Stap 6: alternatieven beoordelen

Criteria
Vastgoed manager

Weight

.
A4

NIr
CISCO

bGrid

G

Toekomst
bestendig

40%

Voorkeur score

90

100

40

S

Kosten

30%

100

&

Nauwkeurigheid
Positionering

30%
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Stap 6: alternatieven beoordelen

Criteria

Vastgoed manager| Weight

.
A4

clsco | bGrid

G

Toekomst
bestendig

40%

Voorkeur score

90

100 0

40

S

Kosten

30%

100

85 10

&

Nauwkeurigheid
Positionering

30%
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Voorkeur score

120
100‘-—1%--__\\\'
80 \\\<
N
80 N
40 ' \\
20 1 : \\
0 . "o
€ € 50,000 € 190.000 € 150.000 € 20¢.000
Kosten :
Y - S
T Tahahe BLOG .
CISCO | —LeC




Procedure

Stap 1 | Stap 2 }|Stap 3A Stap 5 | Stap 6 Stap 9
Stakeholders Vanabelen Criteria Gerescht Voorkeursscore Harhalng
Stap 3B ) Stap 4
Veorwaarden| | Alternatieven
Legenda
Interview ﬂ\ AR Stakeholder selectie
Variabelen
Interview = M= f— Criteria
— — — E Voorwaarden
@ Gewicht
Alternatieven
ontwerpen Alternatieven selectie
T — — e ——————— | == Voorkeursscore
5 I=s I il Score ljs
f<}
% Interview | | corely
= W O | 1 @ Alternatieven combineren
< (:) Herhaling
= Stappen die worden herhaald
St |
= == = = =
Interview |
Li—=—__—__ _ .
Model
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Procedure

Stap 1 | Stap 2 }|Stap 3A Stap 5 p| Stap 6 p| Stap 7 )| Stap 8

Stakeholderss | | Vanabelen Criteria Gerscht Voorkeursscore Score fijst Combinatie

A4
A A
A4

A4

Stap 3B ) Stap 4

Veorwaarden] | Alternatieven

Legenda
Intenvew ﬂ\ #R stakeholder selectie
Variabelen
Interview = [— — Criteria
= == — E Voorwaarden
_ @ Gewicht
A(l)t:tr\:aetrls:ﬁn Alternatieven selectie
C . i — — g Voorkeursscore
£ Interview | | @ E &1 Score lijst
s W= -— - |l —i @ Alternatieven combineren
2 — A (:) Herhaling
Model éD%] = Stappen die worden herhaald
=
= = = — = —
|
L= __ . =

Model
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Procedure

Stap 1 | Stap 2 }|Stap 3A Stap 5 | Stap 6 Stap 9
Stakeholders Vanabelen Criteria Gerescht Voorkeursscore Harhalng
Stap 3B Stap 4
Veorwanrden| | Alternatieven
Legenda
Interview ;ﬁ\ #R Stakeholder selectie
Variabelen
Interview =1 M= — Criteria
M— — E Voorwaarden
@ Gewicht
Alternatieven
ontwerpen Alternatieven selectie
I‘T; — : me—— —— ——————— | == Voorkeursscore
§ . _.=,".=' r_‘[']ﬁ Score lijst
5 Interview | | i —
= W= '—— . =g — @ Alternatieven combineren
< 1 (:) Herhaling
Model 32 @ r: Stappen die worden herhaald
el 17 [E]) StapP
= = = — = —
Interview |
L= e __ . =
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Stap 7: uitkomst model

cf-l-cnlllulllu . ' I BLO®—
vastg::;e r::nager Weight - b C I Sco bGrld

@ Voorkeur score

Toekomst 40% 90 100 0 40
bestendig
:€ 30% 100 85 10 0
Kosten

@ 30% 0 80 60 100

Mauwkeurigheid
Positionering
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Stap 7: uitkomst model

~ e it]ra]n . '  BLO®—
- UipY bGrid
C
Vastgo:c:er::nager Weight b C I S c o LBC
Voorkeur score
C
Toekomst 40% 20 @ 0 40
bestendig
€ @ . @ 10 0
Kosten
Nauwkeurigheid
Positionering
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Gewogen score Cisco door vastgoed manager

0,4x100+0,3x85+0.3x80=89,?|




Stap 7: uitkomst model

~rF A lll'l"ll e 1 BLO®— T IE
Criteria % bv Clsco bGrld _LBC CISCO
Vastgoed manager| Weight Stakeholder Weight Score
Voorkeur score
C o
Toekomst 40% 20 @ 0 40 “ 20% 89,5
bestendig Vastgoed manager
€ @ 100 @ 10 0 0 30% 74
Kosten Investeerder
G} 30% 0 @ 60 100 “ 50% 85
Nauwkeurigheid
Positionering Gebruiker
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Gewogen score Cisco door vastgoed manager

0,4x100+0,3x85+0.3x80=89,?|




Stap 7: uitkomst model

~rE A + 3 | BLOB®-
o VA oW bGrid cISCo
C —
Vastgo:c:er::nager Weight b C I S C o LBC Stakeholder Weight Score
@ Voorkeur score .
bestendig Vastgoed manager
€ @] () 1 : &) | ()
Kosten Inger
Nauwkeurigheid
Positionering Gebruiker
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Gewogen score Cisco door vastgoed manager

0,4x100+0,3x85+0.3x80=89,?|

Totale score Cisco

0,2x895+03x74+0,5x79=79,6




Step 7: uitkomst model

T IIr _
1. cisco =796 5. B—LEBC =60,

2. PHILIPS _711 6. bGrid =521

:

5 CCLO—e0 7.9 32
g

4. unonne=673 8 Es're'ﬁ'??j
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Agenda

~ Arrivals
€t Mw,?. 54
Departd

5% vertrek
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“Smart buildings is een ingewikkeld concept en onzekerheid speelt een rol

EV al U at | - bij het invullen van de scores. Daarnaast is er nog onvoldoende bewijs om FEEEEEEEE

stakeholder in zijn keurze te ondersteunen” — Vastgoed manager

h “Niet voldoende kennis over de alternatieven. Voorkeur om " il ‘
enkel het gewicht te bepalen” — Gebiedsontwikkelaar “Ingewikkeld vanwege een gebrek aan kennls
— Gebruiker -

3 5 I
| | l

“Als facility management zijnde willen wij ons alleen focussen op de behoefte van de gebruikers in

B het gebouw en niet bezig zijn met het begrijpen van de alternatieven. Dit is een rol voor een expert.”
QR e :
1098 | gl 70 Rl |
L s LTI
Het is moeilijk om een oordeel te vellen over gei= o ’mllh[lll Ll =

Sl | ()L

=F1 == 1

iets wat je niet goed kent” — Investeerder

(I
pT R IR
;.,5‘;0 N

— —_— 4 SES
T NN
S




Alternatief model

Eenmalig
r - — — — — — — — — — — — — 1
Selecteer Defineer Defineer Stel score
Expert proces | alternatieven voorwaarden criteria vast ——>] Expert model

L — — — — — — = — = — _ - — 4
Stakeholder pbroces L Selecteer Gewicht . Combineer | ! , :
P Stak9h0|d9r5+ toewijzen | Scorelijst Alternatieven > Herhaling !
* I---——;——-—-—-.I
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Conclusie

» Hoe kan een beslismodel de toegevoegde waarde van ‘smart technology’ voorspellen?
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Conclusie

= Hoe kan een beslismodel de toegevoegde waarde van ‘smart technology’ voorspellen?
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Research analysis

Operations Research

Empirical research

Emperical research

VS

Operational research

P4 presentation Niels Dijkstra

Type Operation-related Knowledge-related
Aim Creating an artefact Producing knowledge
Changing situations | Formulating explanations
Relevance Operational Theoretical
Subject Future Past
Goal Improvement Understanding
Methodology Prescriptive Descriptive
Science Formal sciences Empirical sciences




Research analysis

Regression analysis

Cost quality analysis
Emperical research

VS » Optimization analysis —{ Excel What's Best
Operational research f VS —> PBD —»  PAS approach*
Preterence
measurement Tetra SDM Vs
PFM Iq
Spatial allocation

Analysis

Network planning
and mitigations
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Decision model

Input
r - — T ™
Preference
| Score \ Throughput
| \ - - - - - - - - - - - - - - - — 7
| Criteria ) | Preference score X Weight criterion = Weighted preference score |
weights —|
| / |
Sta_k eholder P Sum of all weighted preference score for each stakeholder
| weights 9 P _|
L — — — | |
| 9 .. XStakeholer Weight = Weighted stakeholder preference score |
_l Output
|
- 71
| 9 Sum of all weighted stakeholder preferences scores | Ib Rank list of overall |
L preference scores
L — — — — — — — — — e e e e d e —
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Step 2: variables

= Approach Problem
I —— | Variables
Goal
= User survey

w 0 W ] (=]

Top 4 open questions
1. More private/concentration/quite rooms

«

DG, —
-
=

N Y e—
p——

00 Y. S—
O U, S—
=
=

I l l ) I i 2. Faster and better computers

M il o ‘. . s 3. More differentation of room types
: 4 4 . . 0 4. More meeting rooms

Closed Questions

1. 1'm satisfied with my workplace.

2. can concentrate at my workplace, 1/2/3/4/5 insufficient score 104

3. There is much background noise at my workplace.
4.1 can easily find a workplace.

5. | can easily find a space to relax.

6. There are sufficient meetings rooms available.

7.1 can adapt my workplace according to my activities. I

8. The workplaces are comfortable,

9. The IT-facilities are sufficient in supporting my activities. 8/9/10 good score
10. 1 can work fine in a open workplace lay-out.

6/7 sufficient score



Step 8: Combine

= Priority: 1) Communication & 2) Infrared

= Future: 3) Camera, 4) Personal connection &
5) Sustainability

1) —
LoRa

....................




Step 9: iteration

17 variables removed
3 adapted
3 combined

10 added

P4 presentation Niels Dijkstra

Costs
Infrastructure
Accuracy postion
Accuracy occupancy
Update rate
Property manager Integrity (reliabiity)
Tenant satisfaction
Integration
Privacy
Market maturity
Security

Insight in building use
Accuracy of insght
Sharing spaces
Quality of space
Scalability

Area developer

Owner sde

Insight in building use
Energy reduction
Alr quality
Sudainabiiy developer U@_\f optimizati
. Optimization:

Energy reduction (sustainability)

Decrease in service costs

Insight in the building use
Technical property manager Cost to maintain

Complexityto install

Complexity to maintain

Fit n the building

Owner

Costs
Infradructure
Accuracy postion
Accuracy occupancy
Market maturity
Tenant satisfaction
Security

Privacy

Ingght in building use
Accuracy of positioning
Scalability

Sharing spaces

Quality of space

Ingght in building use
Energy reduction

Ingght in the building use
Cost to maintain

™ Complexity to ingtall

Inte

nnt satisfaction
Impact on costs

Increase in rental income.
Decreasein OPEX
Increase in yield/ value

Tenant satisfaction

Investor

Tenant manager

Tenant side|

— " Insight building use
Check precense in rooms
People counting in rooms

Avallmilit of rooms

alppo lay-out improvement

Users

Lay-out/design
Privacy
Acoess

Available on phone

Removed
B Changed
| Combined
o Added

gration with exsting infrasgructure




Evaluation of research success

Time Capital
= Information sheets = Alternatives
= Discussion = Stakeholders
= Results 7
> Uncertainty
Nons &
Amount of
information
mission required for ‘<
uncertainty: the decizon
amount of !
information Amount of
requirad >~iniormation
availabls
Al K&/

Source: Winch (2012)
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Quality
= Custom-made

= Solution to a multi-criteria
problem




Conclusion

= How can a decision model predict the added value of a smart system, based on the
preferences of the stakeholders?

1. Demand: Which parameters need to be present in the decision-model?

2. Supply: Which relevant design alternatives can be made based on existing smart
technologies?

Procedure (workflow)

Step 7 } Step 8 + Step 9

Rank list Combine fteration

Step 4

Alternatives
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Conclusion

= How can a decision model predict the added value of a smart system, based on the
preferences of the stakeholders?

1. Demand: Which parameters need to be present in the decision-model?

2. Supply: Which relevant design alternatives can be made based on existing smart
technologies?

Procedure (workflow)

Stakeholders Variables Crtena Weight Rating Rank list Combine Iteration

Step 1 } Step 2 }Step 3A Step 5 } Step 6 + Step 7 + Step 8 + Step 9

Step 3B

Constraints
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Conclusion

» How can a decision model predict the added value of a smart system, based on the
preferences of the stakeholders?

A decision model can predict the added value of a smart system by defining the preference
score of each feasible alternative on each criterion and to calculate the overall preference
score for each alternative. The overall preference score represents the value of a smart
system and the highest score is predicted to add the most value.

Procedure (workflow)

Steg 8

Com|

Y

Step 1 + Step 2 + Step 3A Step 5 + Step 6

Stakeholders Variables Criteria Weight Rating

Caonstraints Alternatives

Step 3B + Step 4
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Operational research

Method

Problem

Description

Optimization analysis with Linear
Programming (LP)

The general linear
optimization problem

The mathematical modelling technique of LP
helps finding an optimal solution given an
objective function and a set of constraints

Choice analysis with Preference
Measurement

The general preference
measurement problem

A mathematical model for the measurement
of preference and for the selection of the
most preferred/optimal solution.

(In)dependency analysis with
Regression Analysis

The general linear regression
problem

Statistical processes to predict predict the
values of a dependent variable based on
historical data and for estimating the
relationships among variables.

Cost Quality analysis with Financial

The general cost vs. benefit

Analysis focusses on the financial aspect of

Feasibility and Discounting problem optimization problems
Spatial Allocation analysis with The limited distribution Mathematical method for negotiations on
Geometric Modelling. problem the spatial dimension of resources.

Network Planning and Mitigations

The general sequencing and
coordination problem

LP programming method based on the
principles of construction planning to
efficiently plan activities.
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Multi-objective
optimization
model

Survey

Markal/Times
approach

INPT

Self-designed
algotithm

Abdallah et al (2016)

- -~

7 - |~
Asadietal (2012) |

7
/

Camporeale et al (2017) »(

~

Costs

NPV (financial performance)

Payback period

| Financial

LEED-EB point system

Environmental impact

Karatas (2015)

Arditi et al (2015)

Nguyen et al (2015)

Malidin et al (2015)

Michael et al (2015) /

Shaikh et al (201 sf/

Energy savings

Energy consumption

I Sustainable

aste

Occupant comfort

Indoor air quality

I Strategic

Productivity

Functional




What'’s Best vs. Tetra

Endogenous vaniabies

Smiart system &

Smart syztem B

Smart system

Totaa

[ =]

Sohstien

. Schang Model:  (QRM model 4.9

Sover: PPM

Paert Ofron:  Dritere
Docmon Makare: I el Uner

Outoaeme 95 20 Fal 8
Haar height {om| 3240 300 300

104 0782123[

=




Stakeholder Criteria Alternative Feature

St e p 8 : C O m b i n e " ﬁf;""ﬂ“fﬂ E::wf 1\ Communication method

Aeaurac, beaspancy e Indendpent network that does not need any
Market maturity bGrid adjustments to the building
Tenant satisfaction Cisca -
Personalized sensing method:
AD Insight in building use bGrid | BLE from sensor to phone. Blustooth signals from
;ﬁ;‘g"”;ﬂ’m"'“g E:‘;‘:f several sensors are intercepted by the phone. On the
Quality of space Fhilips phone an app is installed which is able to calculate
Codts Lone Reofiop the paosition of the phone. The advantage of this way
| of communicating is that the position can be
SA Insight in building use bGrid |'| personalized. This opens up new opportunities such as
Energyreduction bGrid [ St findi . .
[ wayfinding, colleague finding and better insight in
I| building use
TR Insght in the building use Blooloc f=- - - - — — — — — — =
Cost to maintain Cisza (y - - -V - - - - = - =
Complexity to install Gisco II | Camera sensing method ]
Future proof Cisco |, The camera is a superior method to accurately |
measure how many people are in a room.
Usability Gisco _—_— = = = = = = = —
Cosls Lesne Roaftop . ., - = = = = = =
Tenant satisfaction Gsco Climate sensing method |
:""F*Iﬂ'ﬂt f-""t:“ = ::::PE The multisensor of bGrid offers the opportunity to
mipl&rmen an comp e 5 . " .
. Py . measure and adapt light, temperature and ventilation.
It also measures CO2, LUX, sound and humidity.
T Insght building use Cisza _—_— e — e— e— e— — — — —
@nd check roams Octo .
Feople counting in rooms Philips PIR sensing method
ueer sal daclon mf;mm Presence InfraRed sensor is a relatively easy and
trustworthty sensing method to detect use of rooms.
u User friendly Cisza
[Availability of rooms Philips I
Support lay-out improvement Philips JI
|wayfinding bGrid ]
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Limitation
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Limitation

= Bezier curve = Piecewise Cubic Interpolation = Spline

interest (%)

X (x3y3)

Left: Binnekamp (2010). Middle and right: Erasmus (2017)
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