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Introduction
William O’Brien
Carleton University



Motivation

● Current design 
approaches are 
remarkably void of 
occupants

● Tremendous 
uncertainty about 
occupants ⇨
“performance gap”

● Common solution: take 
adaptive 
opportunities/affordance
s away from occupants
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Fundamentals of
Indoor Environmental Quality
and Occupant Needs
Christiane Berger
Aalborg University



Fundamentals of IEQ and Occupant Needs

… fundamental understanding of the relationship between the built environment 
and occupants’ needs for health, well-being, and productivity

● Introduction

● The human being in a built environment: Fundamentals and theories

● Common practices regarding specification of IEQ

● Ongoing work and open questions

● Conclusions and outlook



Fundamentals of IEQ and Occupant Needs

The human being in a built environment: Fundamentals and theories 



Fundamentals of IEQ and Occupant Needs

Common practices regarding specification of IEQ 

● IEQ codes, standards, and guidelines represent the main reference source for 
professionals and stakeholders

● Comfort equations:



Fundamentals of IEQ and Occupant Needs

Ongoing work and open questions

● Adaptive Thermal Comfort, Perceived Control, and Personalized Control

● Energy, IEQ, and the Human-Building Interactions

● Interaction among IEQ domains and other factors 



Occupants in Building Design 
Decision-making Process
Clarice Bleil De Souza
Cardiff University



Occupants in the Building Design Decision-making Process

Overarching Principle

Occupant considerations must be 
formally integrated into building 
information management systems !

Practice is a complex process of 
exchanging information timely
between different team members 
and disciplines

https://pxhere.com/en/photo/774947



Occupants in the Building Design Decision-making Process

Design decisions on occupants within built spaces

- Constraints 
- Persuasive strategies

- Affordances
- Adaptive opportunities

https://pixabay.com/illustrations/house-home-lock-residence-chains-5560582/ https://pixabay.com/vectors/brain-lab-science-talking-153040/



Occupants in the Building Design Decision-making Process

Decisions affecting or affected by occupants



Occupants in the Building Design Decision-making Process

Occupant-centric decisions in context



Occupants in the Building Design Decision-making Process

Occupant-centric design patterns 



Occupants in the Building Design Decision-making Process

Occupant-centric design patterns 



Methods to Obtain
the Occupant Perspective
Clinton Andrews
Rutgers University



Methods to Obtain the Occupant Perspective: Life Cycle Needs



Methods to Obtain the Occupant Perspective: Nature of Occupant data



Methods to Obtain the Occupant Perspective: Challenges



Methods to Obtain the Occupant Perspective: Uses, Strengths, Weaknesses



Methods to Obtain the Occupant Perspective: Interface Design
Qualitative methods: Affinity 
diagramming, cognitive 
walkthrough, contextual 
inquiry, heuristic evaluation, 
participatory design, 
personas

Quantitative methods: 
Ergonomic analysis, eye-
tracking, task analysis, 
function allocation, think-
aloud, usability testing



Methods to Obtain the Occupant Perspective: Final Thoughts

Managing the occupant-professional relationship
● Philosophy of control (local vs centralized)
● Usability (comprehensible, efficient, effective?)
● Which occupants? (from other buildings vs based on standards or client perceptions)
● Whose data? (building owner/operator vs citizen science)

Data Reduction Strategies
● Statistical data reduction

○ Central tendency, Dispersion

● Personas
○ Ideological types
○ Behavioral clusters
○ Preference profiles

Conclusions:
● Valuable
● Feasible



Occupant-centric
Performance Metrics
and Performance Targets
William O’Brien
Carleton University



Occupant-centric Performance Metrics and Performance Targets

Occupant-centric metrics
reframe building 
performance to be all about 
occupants (e.g., 
normalization of energy use 
by occupants)



Occupant-centric Performance Metrics and Performance Targets

Occupant-centric metrics 
have never been easier to 
model or measure



Occupant-centric Performance Metrics and Performance Targets



Occupant-centric Performance Metrics and Performance Targets

Bottom-up approach



Occupant-centric Performance Metrics and Performance Targets

Top-down approach



Questions and Answers



Introduction to
Occupant Modelling
William O’Brien
Carleton University



Introduction to Occupant Modelling

Why model occupants?

● Improve predictions (mean and 
variance) of building 
performance during design

● Improve building performance 
and design

● Account for how building design 
influences behaviour

● Understand behavior, comfort, 
human factors, etc. 

● Elevate discussion about 
occupants during design 
process



Introduction to Occupant Modelling



Introduction to Occupant Modelling

Desirable occupant model traits

● Stochastic: random
● Dynamic: two-way
● Data-driven: evidence-based

Key domains

● Presence/mobility
● Use of appliances/equipment/lighting
● Use of doors, windows, blinds
● Thermostat adjustment 



Introduction to Occupant Modelling Markov model



Introduction to Occupant Modelling

Personas



Fit-for-purpose
Occupant Modelling
Isabella Gaetani, PhD 
Arup Smart Buildings



Fit-for-purpose Occupant Modelling

OB modeling should depend 
on the purpose of the 
simulation, the building, the 
granularity of the KPI, …



Fit-for-purpose Occupant Modelling

Numquam ponenda est pluralitas 
sine necessitate. 

Plurality must never be posited 
without necessity. 

William of Ockham

● Model simple, think 
complicated

● Be parsimonious, start small 
and add

● Divide and conquer; avoid 
megamodels

Pidd 1999



Fit-for-purpose Occupant Modelling

Numquam ponenda est pluralitas 
sine necessitate. 

Plurality must never be posited 
without necessity. 

William of Ockham

● Model simple, think 
complicated

● Be parsimonious, start small 
and add

● Divide and conquer; avoid 
megamodels

Pidd 1999



Fit-for-purpose Occupant Modelling

But assessing the impact 
of occupant behavior is 
not as easy as it sounds 
… 



Fit-for-purpose Occupant Modelling

… a simulation approach 
is needed!



Fit-for-purpose Occupant Modelling

Diversity Patterns are all 
possible combinations of 
high/low variations of 
uncertain OB aspects



Fit-for-purpose Occupant Modelling

Applying 
Diversity 
Patterns 
causes the 
KPI to move 
from a 
single value 
to a spread

16 building variations

But the 
spread is 
different 
according 
to Building 
ID - some 
buildings 
are more 
sensitive to 
OB

The Cooling Energy use of 
Building 1 ranges from 10-70 
kWh/m2y when Diversity 
Patterns are applied



Fit-for-purpose Occupant Modelling

Applying 
Diversity 
Patterns 
causes the 
KPI to move 
from a 
single value 
to a spread

16 building variations

But the 
spread is 
different 
according 
to Building 
ID - some 
buildings 
are more 
sensitive to 
OB

The Cooling Energy use of 
Building 1 ranges from 10-70 
kWh/m2y when Diversity 
Patterns are applied

The Mann Whitney U test 
shows that this range is 
largely imputable to LIGHT 
use, and not WINDOW and 
BLIND use



Fit-for-purpose Occupant Modelling

Refining the OB modelling 
approach has a different 
effect on the results 
depending on the 
impact of a given OB 
aspect (previous step)



Fit-for-purpose Occupant Modelling

Increasing the complexity of 
the Light use Occupant 
Behavior model has the 
strongest impact on the 
results



Simulation Methods for
Occupant-Centric Design
Farhang Tahmasebi
University College London



Occupants in simulation-aided design

Initial design Iterative performance assessments Optimized design

Static occupant models
as fixed design parameters



Occupants in simulation-aided design

Initial design Iterative performance assessments

Static occupant models
as fixed design parameters

Dynamic occupant models
as fixed design parameters

Optimized design



Occupants in simulation-aided design

Initial design Iterative performance assessments Optimized design

Static occupant models
as design variables



Occupants in simulation-aided design

Initial design Iterative performance assessments Optimized design

Dynamic occupant models
as design variables

Static occupant models
as design variables



Simulation-aided design methods

● Uncertainty assessment
● Sensitivity analysis
● Parametric design
● Optimization



Simulation-aided design objectives

● Performance compliant design
● Robust design
● Occupant adaptive design
● Resilient design



A prototypical testbed for simulation-aided design

● Parametric shoe-box model

● With standard and advanced 
occupancy assumptions

09:5008:00



A prototypical testbed for simulation-aided design

Robust design optimization



Building Interfaces:
Design and Considerations
for Simulation 
Philip Agee, Ph.D.
Virginia Tech

Chapter Authors:
Julia Day, Philip Agee, William O’Brien, Tareq Abuimara

Amir Tabadkani, Clinton Andrews



building  interface: is  a  system  component(s)  where  intentional  or  unintentional  interaction  occurs  
between  a  human,  a  building,  and  its  subsystems (e.g., plumbing, electrical devices/controls, mechanical 
systems or  thermostats,  windows,  blinds).

Why building interfaces matter?  occupants have interactions with interfaces, the frequency and variety of 
interactions impact human and performance outcomes in buildings

Context matters: residential versus commercial re: design for control

Human factors: most building interfaces are designed for the visual sensory system
combining visual/haptic is common interaction approach (e.g., identify target, press icon)

Building Interfaces: Design and Considerations for Simulation 
Building Interfaces: What and why



Building Interfaces: Design and Considerations for Simulation 
Building Performance Simulations (BPS)

- Human-building [interface] interactions are a gap in BPS 
- For examples: setpoint schedule approach does not account for complexity of user interaction(s)

- additional modalities (e.g., app-based, voice controlled) adds complexity/uncertainty 



Current view of building automation is technology-centered, over-simplified: automated/not-automated

Automation in other complex systems (e.g., aerospace, transportation) aims to support human performance

Current approach is a “leftover approach” to function allocation (e.g., we give the occupant what’s leftover)

Building Interfaces: Design and Considerations for Simulation 
Automation

Function allocation model Function allocation: thermostats



Adapted from ISO  9241- 210, Ergonomics of  human system interaction.

Building Interfaces: Design and Considerations for Simulation 
Interface design and evaluation approach 



Building Interfaces: Design and Considerations for Simulation 
Summary

1. Humans interact with buildings and their subsystems
2. These interactions occur at the building interface, predominantly as visual/haptic 

interactions
3. Lack of standards for building interfaces (icons, task-interaction relationships)
4. Current BPS approaches do not accurately represent the complexity of these 

interactions; adding additional modalities adds complexity and uncertainty to BPS



Design of Sequences of Operation
for Occupant-centric Controls 
Burak Gunay
Carleton University



Design of sequences of operation

• Details the operating conditions 
for a building’s energy systems

• One of the most influential design 
phases

• Often overlooked, rushed, and 
improperly implemented into the 
building automation system

• Occupant sensing technologies 
can be inappropriately selected, 
and occupant data is typically not 
optimally used.



Chapter Structure

1. Introduces occupant-centric controls (OCC) as part of the 
development of sequences of operation phase in design

2. Controls-oriented occupant data
• Different grades of occupant data
• Most promising current sensing technologies

3. Occupant-centric control (OCC) variables
4. Sequences of operation using OCC variables
5. Illustrative examples for OCC variables and sequences
6. Integration of OCC in the BPS-based design process
7. Energy savings potential of OCCs



Window contact sensorsBACnet thermostat

Controls-oriented occupant data



OCC Variables



Examples for OCC variables and sequences



• Some zones in a building can be frequently empty.

• A simple, yet very effective sequence can exploit this:
• If a motion detector has not been triggered until noon, 

the space will likely remain empty for the rest of the day.
• Revert to zone to unoccupied mode & apply a 2-3°C 

temperature setback 



• On many days, occupants drop in for brief periods – just for meetings, pick up 
a delivery, etc.

• If the motion detector in a room hasn’t been triggered for longer than the four 
hours, apply a 2-3°C temperature setback.



OCC in the BPS-based design process



OCC 
combination

Spatial 
resolution

OCC intervention
Average EUI 

reduction (%)

1 Building Occupancy-based AHU start/stop -4%

2 Building Occupancy-based AHU minimum outdoor air fraction 10%

3 Zone Occupancy-based VAV start/stop and setback 24%

4 Zone 3 + individual occupants’ preferred temperature setpoint 31% (+7%)

5 Zone 4 + individual occupants’ preferred illuminance setpoint 35% (+4%)

Energy savings potential of OCCs



Detailed Case Studies
Tareq Abuimara
United Arab Emirates University 



Detailed case studies 

● Case studies demonstrate the real-world application of the occupant-centric
design methods

● We provide analysis of seven unique case study buildings
● We demonstrate how occupant-centric design can assist in developing better

designs
● We demonstrate alternative approaches for considering OB and occupant-

related assumptions throughout the building design process
● Analysis involves simulation, field studies, surveys, and interviews with design

stakeholders and occupants



Geographical distribution



Spatial and phase distribution 



Case study 1: Toronto, Canada [Design phase]

● Mid-rise office building
● Document the current practices of

occupant modeling
● Alternative methods for occupant

considerations

By: Tareq Abuimara, William O’Brien, Burak Gunay, & Juan Sebastian Carrizo



Case study 2: Budapest, Hungary [Design phase]

By: Attila Kopányi, Viktor Bukovszki, & András Reith

● A 27-unit apartment 
building 

● Method to create 
occupancy 
schedules based on 
participatory design 



Case study 3: Quebec City, Canada [Operation phase]

● A forty-unit, four-story social
housing building

● Explore the causes of
performance gap

● Develop occupant-centric
performance evaluation
methods

By: Jean Rouleau, & Louis Gosselin



Case study 4: Melbourne, Australia [Operation phase]

By: Ye Kang ,& Jenny Zhou

● Multi-story student accommodation
● Timber structure built to Passivhaus 

standard
● Occupants’ presence and Interactions 

with  equipments and lighting were 
evaluated 

● Thermal comfort was assessed  



Case study 5: Redwood City, USA [Operation phase]

By: Andrew Sonta, Thomas Dougherty, & Rishee Jain

● A three-story commercial
office building

● leveraging OB datal to
optimize a commercial
building’s layout to save
energy.



Case study 6: Niederanven, Luxembourg [Operation phase]

● Mid-rise office building
● Occupants’ interaction with 

automated exterior shading 
system

● Identify occupant-centric 
rules for optimal shading 
design

By: Ghadeer Derbas, Karsten Voss, & Tugcin Kirant Mitic



Case study 7: Gothenburg, Sweden [Operation phase]

● Newly renovated office building
● Compare the predicted and

actual indoor environmental
performance

By: Quan Jin,& Holger Wallbaum



Questions and Discussions
William O’Brien, Farhang Tahmasebi
And Clarice Bleil De Souza 



Thank you!
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