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WHY IEQ MATTERS IN
OFFICES?
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8-9 hours per day inside the office
= 40-45 hours per week

Nearly one-third of their life during working
years 90% of overall time is spent indoors, with
offices as the largest share

Studies show that poorly managed building
systems waste 20-30% of energy through
suboptimal operations, while occupants in non-
responsive environments report 15-20% lower
productivity and satisfaction scores.
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Health And Wellbeing S Perfo.rrr.Iance Employee I?ngag.ement Organizational Impact
and Productivity and Satisfaction

IEQ Health Productivity Business Success
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Poor air quality - Inconsistent Noise > Stress and
Headaches, Fatigue,

Reduced focus

O

temperature/thermal loss of
comfort = concentration

e—
— —

Dissatisfaction

Inefficient lighting > Eye strain, Traditional monitoring/controls -
Circadian rhythm disruption Reactive, not predictive
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ROLE OF Al IN IEQ




Smart Sensing & Monitoring

Al powered loT-based Environmental Sensors Ar Juallty sensor
Monitors CO,, VOCs,

These sensors are connected to a central PM2.5 —> triggers

T

Al-driven platform (Building Management System, BMS) vetlation

Noise Sensor

* Collects data in real time Detects high

* Analyzes patterns noise levels f(b
. . - supports focus
* Automatically adjusts systems Teir e

7 |
Sk ;

Occupancy Sensor
Tracks presence
—~optimizes HVAC, lighting )
& space use
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Temperature
& Humidity
Maintains thermal

comfort and energy
efficiency

Lighting Sensor
@ Adjusts brightness
& color temperature

for comfort &
circadian rhythm



CLIMAT I_ ZE eniratescac
Soes et v o

Part of #impact’

Smart Sensing & Monitoring

CO, levels rise above Al analyzes Comfort maintained,
threshold in meeting data and signals employees stay alert
room ventilation system and productive
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Smart Sensing & Monitoring

If daylight is strong near a window,
sensors reduce artificial lighting —
saving energy while maintaining comfort



Predictive Analytics

Predictive analytics uses Al and historical data to
anticipate potential issues before they occur, rather
than reacting after employees experience discomfort

 Data Collection: loT sensors continuously monitor

e Pattern Recognition: Al analyzes real-time and
historical data to detect trends and recurring
patterns.

* Forecasting Issues: Predicts potential IEQ problems
before occupants are affected.

* Proactive Adjustments: Al sends automated
commands or alerts facility managers to maintain
comfort.

Controller

Real-time profiles
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Prediction
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Predictive Analytics

Predictive analytics uses Al and historical data to OPEN OFFICE Al PREDICTS NOISE

anticipate potential issues before they occur, rather

than reacting after employees experience discomfort

 Data Collection: loT sensors continuously monitor

e Pattern Recognition: Al analyzes real-time and
historical data to detect trends and recurring
patterns.

* Forecasting Issues: Predicts potential IEQ problems
before occupants are affected.

* Proactive Adjustments: Al sends automated
commands or alerts facility managers to maintain Activates

comfort. sound Notifies
masking employees
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Adaptive & Personalization systems

Personalization uses Al and smart sensors to create
individualized comfort conditions within a shared
workspace, ensuring each employee experiences
optimal thermal, lighting and acoustic conditions.

Zone-Based Personalization:

Offices are divided into zones (open-plan areas,
meeting rooms, private offices). Al monitors
occupancy, preferences and environmental conditions
in each zone.

The north wing is cooler in the afternoon, while the south wing
receives more sunlight - HVAC and blinds are adjusted
accordingly
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Adaptive & Personalization systems

MORNING AFTERNOON

Personalization uses Al and smart sensors to create
individualized comfort conditions within a shared
workspace, ensuring each employee experiences
optimal thermal, lighting and acoustic conditions.

Individual Preferences:

Employees can input comfort settings via apps, smart
panels or wearable devices. Al learns patterns over
time and predicts preferred temperature, lighting or
airflow for individuals.

Al adjusts
conditions
automatically /

>
y

An employee prefers brighter lighting in the morning and
slightly warmer temperature in the afternoon - Al
adjusts conditions automatically.
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Al TECHNOLOGIES IN
BMS




Machine

Learning

Learns from historical
and real-time building
data to optimize
HVAC, lighting and
energy use

@ Deep

Learning

Handles complex,
non-linear building
patterns such as
thermal comfort
modeling, occupancy
prediction and
anomaly detection

el
P

~
< QJ Computer
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] . Vision

Occupancy detection,
space utilization and
security monitoring
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Language
Processing

Enables voice or
text-based
interaction with
BMS for facility
managers or
occupants
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@i % | Rule-Based Al =5° Reinforcement
- 4 :
f3% Learning (RL)
Simulates building behavior Encodes building Continuously learns the
for scenario planning and operation knowledge best control strategies for
predictive maintenance into automated rules HVAC, lighting and energy

management by trial and
error optimization
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98.36%

Received Highest BREEAM
sustainability score —
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94%

Post-occupancy
satisfaction rate

28,000

Interconnected
Sensors Embedded

40-50%

Reduces facility costs

6,000

Advance sensing LED

Individualized

Environmental Zones
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WHEN DID Al COME INTO EXISTENCE?
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Pre 2000s — 2000-2010 — 2010 - 2014 2015 -2019 2020 — Present

_— —_—
Early Digital BMS | Smart Buildings Begin Al Pilot Projects Al Goes Mainstream in Al Driven Smart Buildings

*  First computerized *  Growth of loT sensors *  Machine learning e Cloud computing + loT *  Rapid adoption driven by
building management and internet applied integration enabled large- sustainability goals and ESG
systems introduced connectivity experimentally in scale Al adoption mandates

*  Focus: centralized *  BMS could monitor energy optimization *  Predictive maintenance, * Digital twins integrated with
control of HVAC, lighting large amounts of data e Early Al-driven anomaly detection and BMS for simulations and
and alarms (energy, occupancy, predictive models for occupant behavior modeling predictive insights.

s Mostly rule-based, comfort) HVAC loads and fault became commercial features *  Buildings becoming “self-
operators programmed *  Data analytics emerged, detection *  Buildings started integrating Al learning” ecosystems
schedules manually but decision-making e 2014: The Edge in for comfort personalization *  Minimal human intervention,

was still human-led Amsterdam opens (apps controlling maximum efficiency.

lighting/temperature)
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KEY APPLICATIONS



Air Quality
Management
CO;
(Carbon Dioxide)

VOC
(Volatile Organic
Compounds)

PM2.5 & PM10

(Particulate Matter)

Thermal
Comfort

Temperature
Humidity
Radiant Heat

Air Velocity

Lighting

Adaptive Lighting

Human-Centric &
Health-Focused

Daylight Integration

Personalization &
User Control
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Acoustics
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Noise Detection
Noise Masking

Personalized Acoustic
Comfort
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WHY Al MATTERS?



Aspect

Core Functionality

Data Processing

Energy Efficiency

Maintenance

Comfort & IEQ

Scalability & Integration

Decision-Making

Non-Al BMS

Rule-based, fixed schedules, manual adjustments

Collects and displays data for operators

Standard efficiency via timers and controls

Reactive (fix after failure)

Provides basic comfort but not adaptive

Limited subsystem integration

Human-driven adjustments
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Al-enabled BMS

Learns patterns, adapts automatically, real-time
optimization

Analyzes large datasets, finds patterns, makes
autonomous decisions

Predictive optimization for maximum savings
with comfort balance

Predictive (detects anomalies, prevents
breakdowns)

Learns preferences, adapts to occupancy,
weather and user needs

Integrates HVAC, lighting, security, loT, energy
pricing, forecasts

Al-driven, self-optimizing, with human override
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WHAT HOLDS Al BACK?



Data Related
Challenges

>
/
N
N/
Technical and

Implementation
Challenges

J
Human and Cost and ROI
Organizational Challenges
Challenges

.M
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Regulatory
and Ethical
Challenges
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Al INTEGRATION IN IEQ

Roles from Design to Operation
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Client/Developer

Architect
Sustainability
Consultant Al Engineer/ Data
BMS/Controls Analyst
Engineer MEP Consultants

IT/Data Infrastructure

Engineer Al Platform Vendor

Procurement/Contractor Facility Manager
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OUR ROLE
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STRATEGIST —> INTEGRATOR = VERIFIER — OPTIMIZER
N

N
CONCEPT & EARLY DETAILED DESIGN & CONSTRUCTION &
DESIGN DOCUMENTATION COMMISSIONING

OPERATION

POST-OCCUPANCY

\ 2 \ 2 \ 2 \ 2

Define IEQ and * Specify sensor *  Verify sensor and Al *  Monitor IEQ

sustainability goals requirements controls performance

Identify IEQ * Review Data * Validate IEQ data * Analyze Al insights

parameters for Al collection strategy integrity for improvements

monitoring

* Define Al readiness * Document baseline * Report and optimize

* Plan data-driven in specs for verification outcomes

comfort

optimizations
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BRAIN TEASER ACTIVITY
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DESIGN YOUR SMART OFFICE ASSISTANT

You’re going to design your own Al-powered office assistant that helps improve
Indoor Environmental Quality.

You can focus on one aspect — air quality, lighting, thermal comfort, acoustics
In your group, come up with:

1.A name for your Al assistant.
2.A short tagline or description — what it does and how it works.
3.0ne unique feature that makes it smarter or more human-centered.
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