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Housekeeping

* Indicative feedback
* It is very useful for us!

* Midterm Exam
« 17 October 2024, at standard time 09:15 — 11:15h (2 hrs)
* Please try to come a bit earlier if possible (~09:00h)
« CE1106
« See last week’s lecture notes for more details
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Today's lines of inquiry

* Why do we care about occupant behavior (OB)?

* What is OB?

* How does OB impact building energy use?

« What are the types of OB?

* What drives OB?

* How to account for OB in energy simulation?

* How can we collect OB data?

» Can we change behaviour to make buildings more efficient?
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Today's schedule

ENG-445 19 October 2023 19 October 2023
. . Occupant behaviour exercise fow state
« 7 7 .
* 09:15-10:00 — Lecture (with questions
u u Here is a (fictional) Bernoulli model with a logit link for the stochastic window state ked (0)
(open/closed). The model has been built on data from sensors. Led (0)

Y; ~ Bernoulli(p;)

00 — Lecture (with questions

;= =134+ 0.445 - Ty ; + 0.088 Ty

ct the model to change

. 7 7
. L
[]
p; is the probability that the window is open (in the range of 0 to 1) given the observations

[}
. 1 1 " / 5 - / O O — E Xe rC I S e i. A value of 0.5 means that the probability that a window is open is 50%. A value close to 1
n n implies that the model expects (is more ‘confident’) that the window is open. When we build
the model, we use 0 to indicate that the window is closed and 1 to indicate that the window is
open. Ty, is the indoor air temperature and T, ; is the outdoor air temperature.

Q1. Write the logistic function for p;. (Hint: p; =)

If we hold outdoor temperature as constant, we can visualise the probability as a function of
indoor air temperature (figure below). Note that in this model, for low indoor temperatures, the
probability that the window is open is low, and for high indoor temperatures, the probability
that the window is open is high. The black dots are the observed window states (‘0 closed, ‘1’

open).

1.00- *  ewom ewo mmmsmoms W@ ow sem o

0.75-

0.50 -

Prob of window state

0.25-

Indoor air temperature

Suppose the building undergoes a retrofit, and we observe the following new data.

10.10.2024 Occupant Behavior




What's the biggest user of energy in buildings?

'::GSPO"SG URL: http://responseware.eu
ounter ]
Session ID: ethos
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Why do we care about
occupant behavior?
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Why do we care about OB?

¢ Operation &
Maintenance
Occupant
behavior

¢ Building
envelope

Building
equipment

> Building Performance

Indoor
- environmental
conditions

> | Energy Use

(Source: IEA EBC Annex 53 Final Report)
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A quick note on the research

qu |IEA = International Energy Agency

:BC @ EBC = Energy in Buildings and Communities Programme

Energy in Buildings and
Communities Programme

Annex = EBC research project

* Annex 79: Occupant-Centric Building Design and Operation (2018-2023)

* Annex 66: Definition and Simulation of Occupant Behaviour in Buildings (2013-2017)
* Annex 53: Total Energy Use in Buildings: Analysis & Evaluation Methods (2008-2013)
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What is occupant behavior?
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What is Occupant Behavior?
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Modes of interaction

Human-structure interaction

=5 [

Human-system interaction

2 @
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How does occupant behavior
impact building energy use?




The energy performance gap

Rendering
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(Source: ArchDaily)
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The energy performance gap

Measured EUI
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The energy performance gap

If buildings are completely
identical, variation must be related
to occupant behavior

Measured EUI

Design EUI
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In terms of percentage change of building energy use, how much
can occupant behavior impact building energy use?

1%
10%

. 90%

. 100%
150%
More

nmoow 2

0% 0% 0% 0% 0% 0%
<> L ESa— L L
[ Response J A. B. C. D. E. F.

URL: http://responseware.eu

Counter i
Session ID: ethos

10.10.2024 Occupant Behavior 18




Heating energy sensitive to behaviour

= 5000
2
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» For a well insulated building, increasing set point from 20°C
to 21°C results in a 19% increase in energy consumption

(Source: Annex 53 Final Report)
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What behaviors matter?

Low performing building

Which house is:

More sensitive to variations in heating
and cooling setpoints?

More sensitive to variations in the use of
electric equipment and lighting?
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Green buildings need green users

800 -

Electric Car

700 Charging Stations
600 4%
N Reduction 69% Lighting
2 Reduction
= 400 -
= B HVAC
S 300 -
200 ~
M Plug Loads
1[}[} | ._‘
0 - |

Typical Office New Packard New Packard
Building Office w/ Efficient Office + Reduced
HVAC, Lighting Plug Loads

Estimated Building Annual Energy Use
(Source: Kaneda et al. 2010)
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What are the types of OB?




OB categories (adjustments)

Physiological Individual Spatial Environmental

(Source: Exploring Occupant Behaviour in Buildings. Wagner, O’Brien, Dong. 2018.)
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Physiological adjustments

« Sweating

 Blood vessel dilation/restriction
 Shivering

» “Goosebumps”

* Light reflex of pupils

 Ear sensitivity adjustment

(Source: Exploring Occupant Behaviour in Buildings. Wagner, O’Brien, Dong. 2018.)
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Individual adjustments

 Clothing adjustments

» Body posture adjustments
* Change of activity level

« Earplug/headphone use =
* Drinking/eating hot or cold things | "y

(Source: Exploring Occupant Behaviour in Buildings. Wagner, O’Brien, Dong. 2018.)
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Spatial adjustments

* Moving from one room to another
« Change of position or orientation in a room

e .
30 — -
4 6 1 L }9,;‘- .
| | - 28
3 9 13| o6 am
3 8 12| 24 ﬂ
. 22 | : ‘ Wgn,,
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Environmental adjustments

» Space heating/cooling
use
« Temperature set points

« Number of heated
rooms

« Heating/cooling duration

10.10.2024 Occupant Behavior



Environmental adjustments

* Lighting and appliance
use

 Number of installed
fixtures/appliances

* Energy efficiency of
devices

« Usage frequency and
duration
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Environmental adjustments

 Domestic hot water use

« Shower frequency and
duration

« Sink use frequency and
duration

» Washing machines
» Dishwashers

v
1
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Environmental adjustments

* \Ventilation
 Use of windows
 Use of doors

« Adjustments of
mechanical ventilation
system
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Environmental adjustments

* Window blind
behaviour
« Lowering/raising blinds
« Slat orientation

* Addition of internal
curtains

* Frequency of use
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What drives OB?




What causes us to interact with buildings?

Drivers and stimuli
Interactions
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Why would you open a window?

?SPO“SG URL: http://responseware.eu
ounter ]
Session ID: ethos
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Driving forces

Non-adaptive:
Part of occupant
tasks (e.g.
schedule)

Adaptive:
Response to
environment and
comfort level

/Inﬂuencing factors

Non-adaptive
trigger(s)

Contextual
factor(s)

)

Adaptive
trigger(s)

(s )

o

)

(Source: Annex 66 final report)
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~

Occupancy (

Movement
(state change)

)

affects

¢

State
resence | absenc

)
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~N

Action
(state change)

)

Behawor [

N

No occupancy,
no action



Adaptive,
non-adaptive,
and

contextual
factors
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(

« Time of the day NON-ADAPTIVE
» Scheduled activity TRIGGERS

(Source: Annex 66 final report)

Occupant Behavior

OCCUPANT

BEHAVIOR

PHYSICAL ENVIRONMENTAL TRIGGERS i rPHYSICAL ENVIRONMENTAL FACTORS PSYCHOLOGICAL FACTORS
» Indoor air and mean radiant temperature - Season - Knowledge, expectations
» Indoor air humidity » Duration (of presence in room) - Preference, acceptability
» Indoor air velocity and turbulence - Frequency » Perception
» Contaminants’ concentration in the air « Building quality « Needs (about comfort,
« Outdoor air temperature and humidity « Building use health,safety)
+ Solar radiation (intensity, direction etc.) « Availability and accessibility of « Awareness
« Wind speed controls and operable devices « Mood
« Rainfall or snowfall - State of other devices - Habit, Lifestyle
« llluminance - Clothing insulation level - View to/interaction with
« Luminance (or another glare metric) - Interior design and furniture layout outdoors
+ Color temperature - Ease and convenience of using - Previous activities (e.g.
» Daylight factor (or another daylight building system interfaces people just had exercises)
availability metric) (e.g., light switches)
« Sound level (or another acoustic « Economics of energy (i.e., who SOCIAL FBCTORS g
metric) pays for it) « Group interaction
« Presence of feedback systems for * Presence of multiple
energy (e.qg., dashboard) occupants (e.g‘,. privacy)
PHYSIOLOGICAL TRIGGERS YWD . : g phassnin
Bod - Design of automation routines + Social constraints (e.g.,
: y temperature - : dress code)
 Skin temperature Fe.g,,llghts go off after 15 min of :
inferred vacancy) - Social status
« Skin wettedness y
» Education
ADAPTIVE » Country of origin and/or
TRIGGERS CONTEXTUAL residence
\- /£ FACTORS + Safety

« Ownership of building
« Governmental inter-
ventions

PHYSIOLOGICAL FACTORS
- Age, Sex, Weight
- Body dimensions
- Health state
- Ethnic group

39



Example: Too Cold

Adaptive triggers

Contextual
factors
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Example: Too Cold

Air temperature
Adaptive triggers p
Body temperature Adjust thermostat?
Season
p Biological ]
Contextual

factors Age

e
.

J

Health state

10.10.2024 Occupant Behavior



Another example: Experiencing glare

Adaptive triggers

Contextual

factors

10.10.2024
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Adaptive triggers

Contextual
factors

Example: Glare

Luminance

Indoor air

temperature

Sense of ]/[ Physical ]
ownership

View to outside

s

Workstation
orientation

Occupant Behavior

Adjust blind
position?




Another way to categorize driving forces

internal driving forces external driving forces
age
gender
clothing
health : -
e? _t s Biological
activity level availability
food and beverage e
- — accessibility
position 5 s fhe 0 Building/installation kiRl aar )
. properties ease of operation
comfort P automatic control
health expectations/needs -
e Occupant *og temperature
y A 1 Place/location humidity
financial concern : g i
. cognitive/awareness : air velocity
environmental concern P evcholosical : noise
uncertaint Sychologica : Physical environment
Y : Energy-related light
habit :_ occupant behaviour colour
lifestyle - - T—
perception of physical environment '
group interaction
household composition Social Time of day
""""""""""" » Time — Duration
Frequency

Source: Annex 53 final report
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Drive forces for space

heating

BEHAVIOUR BIOLOGICAL/ PSYCHOLOGICAL SOCIAL (CONTEXTUAL) TIME PHYSICAL BUILDING/EQUIPMENT
PHYSIOLOGICAL (NON-ADAPTIVE ENVIRONMENT PROPERTIES
TRIGGER) (ADAPTIVE TRIGGER) (CONTEXTUAL)
Temperature set =  Gender = Expectations =  Ownership = Time of day =  Outdoor air = Building
point adjustment = Clothing = Interaction temperature insulation level
frequency with = Outdoorrelative = Ventilation type
heathing humidity = Type of metering
controls = Indoor relative
=  Window opening humidity
=  Wind speed
Heating duration = Clothing = Knowledge of = Ownership = Qutdoor air = Building
control = (Government temperature insulation level
=  Window opening interventions) = Qutdoor air = Heating system
humidity type
=  Wind speed = Level of control
Number of heated = Interaction = Level of control
rooms frequency with = Type of metering
heathing controls
Which rooms are = Gender = Level of control

heated

Bold = most significant; Red = not significant
10.10.2024

(Source: Annex 53 final report)
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Drive forces for space heating

BEHAVIOUR BIOLOGICAL/ PSYCHOLOGICAL SOCIAL (CONTEXTUAL) TIME PHYSICAL BUILDING/EQUIPMENT
PHYSIOLOGICAL (NON-ADAPTIVE ENVIRONMENT PROPERTIES
TRIGGER) (ADAPTIVE TRIGGER) (CONTEXTUAL)
Temperature set =  Gender = Expectations =  Ownership = Time of day =  Outdoor air = Building
point adjustment = Clothing = Interaction temperature insulation level
frequency with = Outdoorrelative = Ventilation type
heathing humidity = Type of metering
= Indoor relative
=  Wind speed
Heating duration = Clothing = Knowledge of = Ownership = Qutdoor air = Building
control = (Government temperature insulation level
=  Window opening interventions) = Qutdoor air = Heating system
humidity type
=  Wind speed = Level of control
Number of heated = Interaction = Level of control
rooms frequency with = Type of metering
heathing controls
Which rooms are = Gender = Level of control

heated

Bold = most significant; Red = not significant
10.10.2024

(Source: Annex 53 final report)

Occupant Behavior
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Window use as function of outdoor temperature

100% - Contextual factors

80%
< 60% — UK
o —&—Europe
= 40% = & 'Pakistan

20% -

0%

Mean outdoor temperature

(Source: Annex 53 final report)
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More contextual factors

Shower duration Shower frequency

18
16
14 — — Oy
12 ——% N -4

10 —< e 0 "2 "% 54

oNnN A O

O —= NV W pH U1 O N ®©
N

Shower duration (minutes)
(0.¢]
Shower frequency (# per week)

0 10 20 30 40 50 60 70 80 90

0 10 20 30 a0 50 60 70 80 90
Age (years)

Age (years)

(Source: Annex 53 final report)
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o©

() o =
o? %
o¥ . St R
‘\b {\\‘ Wind direction \emperatire 2o
\ 6 Wlnd Speed C()l“f[)l lype ® o
1AQ ?“ (?‘
Rain direction Dwelling type Ownership U‘o_ 'Oo
Room type '3‘ =
Vapour production Thermal background ® 7
User’s indoor temperature ‘3.,
Households preferences
activities Behavioural background
Previous window Outdoor Temperature User’s gender
state
G Indoor Temperature Annual income
4 B\ Solar radiation
Noise AU 73 : ) User’s presence
~ Timeofday
. Usersage
~ Orientation of the : =
- window
Preference in natural light
View outside
Workstation position
Sky condition Light control position
Glare 6 5
Visual access Luminance contrast v\\(\ .QQ(
Mt
Incident angle of the sun 60 0‘5
Visual exposure \ﬂ\o ((\e
A
.0‘)
06\
(Source: Fabi et al. 2011)
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Mapping drivers to
three behaviors

Feasible to capture all this
information?

Is it possible to generalise?




What are the real impacts of behavior?

Can we capture these relationships numerically?

Drivers and stimuli
Interactions

10.10.2024



How to account for OB In
simulation?
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Why simulate?

Occupant Behavior

mumn’ﬂ'
~ 350

L 300
L 250
L 200
- 150
+ 100

~ 50

Starting points:
« Building design
« Existing building

How much energy is needed
* Heating

« Cooling

» Ventilation

« Lighting

« Equipment
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Occupant Behavior
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EnergyPlus
OpenStudio




In practice, occupant
behaviour is rarely
considered effectively in
building energy simulation
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OB in simulation

OB models are commonly divided into: o

 Presence models
« Actions models
* Window control
Blind control Presence
Thermostat settings
Light switch use

Note: We can combine models .
Action!
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Incorporating OB in simulation

Models can be classified according to their ability to
capture information as well as their complexity

Simulation Type of model Size Resolution Complexity

framework

Conventional Schedules O O O
Deterministic O 0 0
Non-probabilistic O 0 0
Probabilistic/stochastic @ A1 M

Agent-based Agent-based stochastic 111 111 MMM

(Source: Gaetani 2016)
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Most common model: schedules

T L TV 7T 7 T 1 * A priori schedules represent the lowest
0.8 level of complexity but are commonly
0.6} - - implemented in energy simulation
0.4 | J_ | software
0.2 |+ Schedules are fractions from 0 to 1 that

'0 || |_ || —‘ || are used to multiply maximum quantities

1 3 57 9 11131517192123 * People

 Lighting loads
* Equipment loads

« Schedules are usually derived from

Simulation Type of model Size Resolution Complexity
framework

Conventional Schedules { [ ] ® .
Non-probabilistic @ 1 | standards but can be derived from data
Probabilistic/stochastic @ M M

Agent-based Agent-based stochastic 111 111 MMM

(Source: Gaetani 2016)
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What kind of schedule is this?

A. Lighting schedule for residential buildings
B. Equipment use schedule in schools
+/C. Occupancy schedule in office

100%
80%
60%
40%
20%

0% : — — T 0% 0% 0%
12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 BE JEEEE R @ W
A. B. C.
'?:5:::: URL: http://responseware.eu
Session ID: ETHOSMF
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Schedules: Multifamily buildings

Lights: No schedule!

Occupancy schedule o
100K EVERYONE AT HOME Standard indicates
5 8% power density (2.7
S 60% W/m?2) and hours of
;o NO ONE AT usage:
o 20% - HoME « Day time: 4 hours
0% - ° 1 H .
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 nght tlme' 3 hourS

Equipment use schedule
ALL EQUIPMENT ON (8 W/m?)

100%
3 80%
o 60%
:g 40%
© 20% -
0% A

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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Standards vs reality: electricity use

=&=luster ID 1 =e=Cluster[ID2 =e=Cluster[D 3 ==l=SIA
0.14

0.12

0.1

0.08

0.06

Normalised Profile

0.04 |@

4
e g
0.02 S

0

0:00:00 6:00:00 12:00:00 18:00:00

(Source: Yilmaz et al. 2018)
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Example of working with schedules

® OpenStudio  File Preferences Components & Measures  Help

@ MyBuildinghockl.osm

| Schadule Sats | [ Schedules

A

- lam
g bl coaling setback * || Schedsle Kames g | equip| Schedule Type: Equipment Schedu
lebg bl dapsiey ] . Priority 2 |dg 1w equip Defauk Weekday Schedule
Date Range: [ 81/01 2] [12/31 |
Dhsign Dy Profiks p p . " p
Scroll to Apply ta: 5 5 || Days of week and date
Swmemer find add rule ----- range for rule
button
L \\/ Lavier Liswit: [0.00 Ligsgar Limit: [1.00 S
Feln
flun Pesiod Profiles = Mouse ovier horizantal Eng 1o st vales t M T WTEF &
Peinrity 1 -
Prioriey 2
|thm|t ik 12t BAdg M £aup Detash Weekidap Schedule
Double click on
Pldg b heat Throughout 0.714 horizontal line
the application, Double click vertical to split profile
mousing over an line To merge profile
filcdy el hat £etbas oriect will display e
the full name :
Bicg b lights
.43+
Bl kel occ fire station :
0.25+
Bidg bl water .
0.14+
Bldg Ll Water Wahicle Bay 4
. o T T T T T
g L T B0 4D0 BB 1200 1600 2000 3400 e
" ) | L5 Minunis | g1 Minu LED00999EE0 70071
| | _ 4 = 4
I ] - i
| Dvag Fross Library | A U i Mour
: : I | S M T . .
W A,. R - Haurky _ . 1 Minita
Z°°';;ntﬁmp " When zo0med in drag this box &
to navigate
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Is there agreement on schedules?
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Is there agreement”? Not really!

Occupancy density

0.12

o
.
T

0.08 Mean value = 0.072

0.06

0.04

Occupancy density [person/mz]

0.02

Z X QX ww<< o JdWwoJdog
< ZzO0o=x<waWIxTwNDC
OoaQO=¥p>dD>D>2zomonoZ <o

(Source: O'Brien et al. 2020)
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Lighting power density [W/mz]
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For offices:

—
1]
m

Lighting power density

Mean value = 10.7

2 T < 2T oczz o N O
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Occupant Behavior

BRA

KOR

CHE

Equipment power density [W/mz]

-
(o]

Equipment power density

-
()]
T

=
E-N
T

N
N
T

-
o
T

[o2)
T

Mean value = 9.7
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Office occupancy comparison

1 AUS 4 BRA 1 CAN
0.8 0.8 0.8
0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 0.2
0 0 0 L

357 911131517192123

357 911131517192123

357 911131517192123

CHE CHN DEU
1 1 1
1 0.8 0.8 0.8
0.6 0.6 0.6
0.4 0.4 0.4
O 8 I8 0.2 0.2 0.2
- 0 0 0
= 357 911131517192123 357 911131517192123 357 911131517192123
>
% DNK ENG FRA
0.6 2 : 1
L 3
. S 08 0.8 0.8
2
& 06 0.6 0.6
Q
3 04 04 0.4
— o
04 5 02 0.2 0.2
5 0 0 0
5 357 911131517192123 357 911131517192123 357 911131517192123
= IND NOR NZL

0.2

1

1

0 : : :
3 57 911131517 192123 e o

1 SGP 4 USA 1 Average
0.8 0.8 0.8
0.6 0.6 0.6
0.4 0.4 0.4
0.2 0.2 0.2

357 911131517192123

357 911131517192123

1357 911131517192123 1357 911131517192123 1357 911131517192123

(Source: O’'Brien et al. 2020) Time troun Time Froun Time fhoun
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Office lighting schedule comparison

AUS BRA CAN

1 1 1

0.8 0.8 0.8

0.6 0.6 0.6

0.4 0.4 0.4

0.2 0.2 0.2

0 0 0

1357 911131517192123 135 7 911131517192123 135 7 911131517192123

CHE

1 | I 1

CHE

—lr— ! [ |

“All reviewed building energy
codes treat occupants Iin
very simplistic ways”

| I I | 06 L] 06 06
O L L 1 1 1 1 1 L 1 | 0 0.4 o
0.2 0.2 0.2
1 3 5 7 9 111315171921 23 0 0 0
13567 911131517192123 1357 9111315 1357 911131517192123
SGP U Average
1 1 1 ‘
0.8 0.8

0.2 0.2 0.2
0 0 0
. ) H 1357 911131517192123 1357 911131517192123 1357 911131517192123
(SOU rce. O B”en et al- 2020) Time [hour] Time [hour] Time [hour]
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Deterministic models

|
N /  Actions are modeled based on
- - — deterministic rules
QEd
A || 4R  Direct consequence of one or more
= = drivers
Example: * They represent environments where
If indoor illuminance falls below modeled behavior is always fuIIy
150 lux, lights are turned on foreseeable and repeatable
conventional EZ?i?;‘iiisti_c_ | . :
Non-probabilistic [ ] it i
Probabilistic/stochast.ic ® M1 M1
Agent-based Agent-based stochastic 111 111 MMM

(Source: Gaetani 2016)
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Probabilistic/stochastic models

il » More recent
 os / » Take into account the variability of
» human behavior
o At certain conditions, some occupants will
i perform actions but not all
T corgotempenre 0y * More computationally expensive
Example: Probability of window opening and * Need to simulate multiple times

fan use as function of indoor temperature

o Still difficult to implement in building

Simulation Type of model Size Resolution Complexity . .
energy simulation tools
Conventional Schedules [ ] { (]
Deterministic ] 0 0
Non-probabilistic [ 0 0
Probabilistic/stochastic @ 11 11
Agent-based Agent-based stochastic 111 111 MMM

(Source: Gaetani 2016)
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Probabilistic models: Generalized Linear Models

0/1 outcome probability of event
\Y- ~ Bern oulli(p{ Expected value is some
¥ y function of an additive
f(p;) = a+ BxX; (‘linear’) combination of
/ parameters

f () maps probability scale can take any real value
to linear model scale

Y; ~ Bernoulli(p;)

f is the link function
f(pi) = a+ BxX;

Links parameters of distribution to linear model

£~1is the inverse link function p; = Ha + BxX;)
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Probabilistic models: Logistic regression

Bernoulli models most often use logit link Y; ~ Bernoulli(p;)
i logit(p;) = a+ PxX;
logit(p;) = 1081 fl . git(p;) BxXi
fl p; = logit™" (a + BxX;)
‘log odds’ odds N logistic’
logit~tor logistic SR
For calculation: n; = a + By X; N\
logit(p;) = n; > log—— iU 1 Fprwen =
1
or Pi = et g
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Agent-based models

ol

Perception \*/ Agent 1 \

Interaction +  (Behavioral

/O\ A specification M
ot KA :

/ Agent 2 .

Behaworal ﬁw

L RA
spemflcatnon 2 /L IS :
~ Actions ‘
4 s % A
(Q\ A ) D!

Perception

* Models the individual, not the group
* Very computationally expensive!
. Requwes a lot of up front information

45 >
by 4 . '. » 4% v, ”
. ﬁ Zg‘l / R Interaction A A v
Interaction / L) | , A 4 ¢v >
(Behavioral - »y - &
Environment \\Pec'f'ca“O” K f v & ¥ v v . < - - 4, 4
> v
Perception \d ¢ Y ‘v - v < 4
4 v = 2 <y
- -
“q y
Simulation Type of model Size Resolution Complexity v “ v 4 A
framework » - w A ¢ v
c : ¥ A v 1 A’ 4 v
onventional Schedules ° ° e} v N 4 vy v
Deterministic ° 4 4 »o v 1 14 »’ J
© wv »
Non-probabilistic [ ] 0 0 v 4 ’ Y 4
Probabilistic/stochastic @ M1 M1 ) . v v Y A ;.! -
Agent-based Agent-based stochastic 111 111 IR IR

(Source: Gaetani 2016)
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OB in energy simulation

All the occupants interact with building devices according to !
STANDARD SCHEDULES deterministic and static rules :
[
Example: I
Windows are open only if indoor temperature is higher than botha
fixed limit value and outdoor temperature. I
__________________________ d
USER TYPES Interaction with devices and building systems is modelled :
(active - medium - passive) according to different frequencies of interactivity and :
B & environmental (i.e. thermal and visual) preferences I
é BEHAVIOUR STYLES I
=) (conscious - normal - waster) Example: |
8 @ o Heating set-point is set at 18 °C for the energy saver, at 20 °C for "
< ' ' the normal and at 22 °C for the waster. :
BEHAVIOURAL MODELS Models, developed using data from the real life, that predict
the occurrence probability (p) of an action in relation to one
P f(CC) ) or more predictors (x4...Xp) (€.9. environmental, time-related)
- .: Example:
- - Light-switching probability is calculated in function of illuminance
- T levels; then whether the probability is higher than a random number
v - = generated from a uniform distribution, the action occurs

(Source: Naspi et al. 2018)
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OB models — why?

* Understand driving forces
for behavior itself il

RS
~
~
SN
~

Rain \\S‘ola\n\' radiation
A \\

Ss
SN
~

 Understand link between Sy
behavior and energy |
consumption

* Move toward occupant-
centric building design
and operation

~— Wind speed
2

S
~
~\
~

-

-
-
-
-

To build a good model, we need good data!!
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How can we collect OB data®?




Two challenges

, 8 )
/Inﬂuencmg factors ) Occupancy Movement
(state change)
Non-adaptive * affects * No occupancy, no action
trigger(s)  Need data on occupancy
State
ﬂpresence | absenceJ

\ J
Contextual
factor(s) S

Behawor
Action
[ (state change) ) « Actions involve building features
Adaptive and environmental conditions
[ trigger(s) J [
9 A Y Y,

operation data

« Need environmental and
State j

(Source: Annex 66 final report)
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How to collect data?

Virtual reality
(Source: Annex 66 final report)
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In situ studies

* In situ — literally “on site” in Latin

* Involves monitoring occupants in
their natural environment

« Data acquired through sensors

+ Use existing conditions
+ Reduce Hawthorne effect (next slide)
— Lack of flexibility / experimentation

— Ethical issues
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Hawthorne effect

* People act differently when they
know they are being observed

* Thought to be unavoidable but
reduceable

When No One is Watching

Add An Observer
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Example from my research

AA

Away

Wy

Energy

= = v
@] y

Plug load sensor

Not present Not present
« Stored on device = =

» Wireless transmission o ) Qam 12pm opm
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Activity States

Visualized

(Real office in San

10.10.2024

Francisco)

B Low energy
Medium energy
B High energy

Occupant Behavior

Key benefits:

 Real-time
(15-min)

« Spatial
granularity

* Provides
additional
information
beyond
presence/
absence
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Laboratory studies

* Occupants interact with fabricated
environment designed specifically for
studies

* Look like real environments but heavily
equipped with sensors/controls

+ High control

+ Flexibility in recruiting participants

— Costly

— More subject to Hawthorne effect
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Example from Matteo’s research

10 -
3 °
o o7 °
2
© () (o]
5 -
) ‘O o (0] Entrance &
5 @0 o o© control room
= wwd % T il
“g’_ - 0690 = ° owo~ 8
5 o s e D s
o
> o
"C—U' | Oy
L TRl M e o S 5
Q -2- e . O o o
o ?o g‘ %Q?%?'-QD--)(---_@._‘_O___O___ a0 B @ 60
4 - o
(1] Air supply diffuser (8] Vertical illuminance
6 2IO 4I0 6IO 8I0 160 150 14I_0 1é0 1é0 260 g Air extraction duct E Air temperature
. . Horizontal illuminance Airspeed
Time (mlnute) (4] Globe temperature CO, and relative humidity
Thermal discomfort event Floor plan of the facility
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Surveys

* Occupants self-report behaviour

« Can involve questionnaires, interviews,
or focus groups

+ Can measure things sensors can’t

+ Cost-effective

— Hawthorne effect / social desirability
effect (conscious or unconscious)

— Hard to get frequent input
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Survey innovation

Paper-based

Less-intrusive applications:
» Mobile apps
« Smart watches

Interview
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Virtual reality

* Occupants immersed in virtual
environments

+ Can test different settings without
actually building new things

+ Useful for building prototypes
— It's not real

— Can’t be used to study indoor
environmental quality
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Can always combine (Mixed methods)

(Source: Annex 66 final report)
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ASHRAE Global OB Database

. . X * Coventry University (UK) * Technical University of Denmark (Denmark)
G | (@) ba I CO ntrl b Utl ons. * University of Cambridge (UK) * University of Southern Denmark (Denmark)
51 Contributors | 15 Countries | 39 Institutes * TU Wien (Austria) * Aalborg University (Denmark)
* Enea (Italy) * The Cyprus Institute (Cyprus)
* University of Perugia (Italy) * Karlsruhe Institute of Technology (Germany)
* University of Calabria (Italy) * Poznan University of Technology (Poland)
« University of Toronto ' — — — — — * Polytechnic University of Milan (Italy) « Silesian University of Technology (Poland)
* Carleton University i

= B | m
- 3 . * Tongji University

m v . * Beijing University of Technology

* Syracuse University ~ Y * Tsinghua University
* Stanford University * Southeast University

'

* Western Kentucky University
* Berkeley Education Alliance for

* UT Austin
* UT Arlington R ——

Research in Singapore Limited,
Singapore

\

4

e e -
\

* UC Berkeley
* Scanalytics Inc.

* The State University of New Number of Contribution

|
* Lawrence Berkeley National 1 10 |
Laboratory L« « « * Swinburne University of Technology

* RMIT University

* Federal University of Santa m

Catarina m * Dr. B R Ambedkar National Institute of

* University of Sao Paulo = " Technology
* University of Campinas * Khalifa University + Indian Institute of Technology Bombay

I-——————-\.

,.
I
I
I

(https://ashraeobdatabase.com)
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ASHRAE Global OB Database

ASHRAE Occupant Behavior Datasets Summary

8
. s
6

in-situ

8 | DoorSmws

Fan Status

Fan Status AC Measuremen!

5

4
ga_ Occupancy Occupancy
> 3 . ‘
5 HVAC Measurement
.g 2
2 ; Occupancy
% 0 Window Status Window Status Window Status
z
§ survey
(T
o
@
Q2
£
=}
=z

{VAC Measurement

4 Fan Status Fan Status
Occupancy HVAC Measurement
.  Occupant Number
Shading Status Shading Status Other
0 Window Status Window Status Window Status
Commercial Educational Residential
. Building Type
(https://ashraeobdatabase.com) 9 Typ
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Two challenges

, 8 )
/Inﬂuencmg factors ) Occupancy Movement
(state change)
Non-adaptive * affects * No occupancy, no action
trigger(s)  Need data on occupancy
State
ﬂpresence | absenceJ

\ J
Contextual
factor(s) S

Behawor
Action
[ (state change) ) « Actions involve building features
Adaptive and environmental conditions
[ trigger(s) J [
9 A Y Y,

operation data

« Need environmental and
State j

(Source: Annex 66 final report)
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Occupant presence monitoring: PIR

Passive infrared (PIR) sensor (motion detection)

— ’ =
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Occupant presence monitoring: Plug loads

Plug load energy consumption Occupant activity state
at occupants’ workstations classification
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Occupant presence monitoring: CO,

& X

o

& )

N 8—‘ k
L 18

@)

®: —— estimated occupancy —— observed occupancy
> ~
O
q§ < -
Q.
- -
O
o “WMW[J”‘L
o [[— [l
| | | | |
Wed Thu Fri Sat Sun

(Source: Wolf et al. 2019)
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Window sensors
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Tracking blind control with time-lapse cameras

(Source: Kapsis et al. 2013)
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Plug loads

10.10.2024 Occupant Behavior



llluminance sensor for lighting
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Smart thermostats
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o
Smart water flow meters
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Can we change behavior to
make buildings more efficient?
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(Source: Clarity Sustainability 2015)
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Bringing the human in the loop

DATA COLLECTION DATA ANALYTICS FEEDBACK

S —@ —

BEHAVIOURAL CHANGE - THE
HUMAN IN THE LOOP

=

COMMUNICATION
SENSOR NETWORK TOOLS

g

(Source: Barthelmes et al. 2019)
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Eco-feedback

Your Instantaneous Power Draw by Time of Day

\JL

Compare your usage with.

Total Consumption by Day of the Week

Network Average (2.22)
" I Building
"
: 5. May 10. May May 12. May 3. May 4. May 15. May

Willy Mays

(Source: Jain et al. 2012)
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Eco-feedback

g 2

Feedback in A
eithey, A . // b
——{ Kilowatt-hours . 7 .
?‘ AW ™~
watt’s o 8
¢ ’J;: 1.00 //—/ §
1 0.00 Eae
Eco-Feedback Equivalent | ot
Trees a0 LIPS .Z
'3-003.-'30 41 43 &5 47 48 411 4N3 415 417 419 421 423 425 47 49 /

=~Study Group A -0-Study Group B

(Source: Jain et al. 2013)
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Smart building
Sensors

Occupant
behaviour

L

[ ] Low ENERGY STATE
[] MEDIUM ENERGY STATE
[l HiGH ENERGY STATE
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