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Lighting is a major energy liability
hiding in plain sight
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15-30% |

of a commercial building’s
total energy consumption

comes from lighting. /
7

The Context: In data centers, healthcare,
education, airports, and commercial
developments, inefficient lighting creates
significant, compounding operational
expenditures over the building's lifecycle.




The compounding costs of traditional lighting guesswork

“Root Cause & BIM Solution” Diagnostic Matrix

Symptom

Root Cause

The BIM Solution

Over-illumination & Wasted
Energy

Designing for peak capacity
without granular occupancy
data.

Simulation identifies exact
spatial needs before
construction.

Glare & Poor Daylight
Utilization

Static 2D layouts cannot
account for dynamic seasonal
sun paths.

3D solar modeling balances
natural light with thermal
comfort.

Increased HVAC Loads

Lighting heat gains are
calculated in a silo away from
mechanical systems.

Integrated energy models
account for cross-system
thermal impacts.




Moving from static design to lighting intelligence
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Building the data foundation for performance analysis

A BIM model acts as a centralized repository of architectural and MEP information, replacing
assumptions with measurable performance metrics.
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Pillar 1: Harnessing natural light to shape building geometry

Window Placement: Pinpointing ideal

locations for deep daylight penetration. AT
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Building Orientation: Maximizing solar N rﬂ\lpj = S— ()
benefits while minimizing thermal heat IS,
gains. — !
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Skylight Design: Improving natural light | : L |
distribution in deep, large-scale facilities. l

Shading Strategies: External louvers & By — ‘
positioned to block direct glare. '

Interior Layout Planning:
Workstations positioned strategically in
naturally illuminated, glare-free zones.




The delicate balance of illumination and comfort

Ideal Comfort

Glare Risk (Discomfort)

Spatial Daylight Autonomy (sDA):

Measures % of floor area with
sufficient daylight during operating
hours.

Useful Daylight llluminance (UDI):

Determines if levels fall within
functional, comfortable ranges.

Daylight Factor (DF):

Evaluates indoor levels relative
to external illumination.

Annual Sunlight Exposure (ASE):

Identifies areas affected by
excessive sunlight and glare.

Low Illumination High Illumination




Pillar 2: Constructing the virtual energy prototype

Lighting Energy &
Fixtures

HVAC Interactions
& Equipment Loads

Occupancy Schedules
& Climate Variations

The Engine:

Virtual Energy Prototype

(BIM-integrated energy
analysis workflow)

Validated Metrics:
Testing design
alternatives before
construction begins.




Quantitying performance to drive down energy consumption

LED Fixture Optimization ‘ oo Dy v g Do d o
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I Balancing efficiency with required lumen output. [ | | | | ]
LPD Reduction bl R b
Lowering Lighting Power Density to exceed energy codes. | | |
Occupancy-Based Controls * A SO s
Eliminating usage in vacant zones. | |
Daylight Harvesting - e 5
Dimming artificial lights dynamically as natural daylight increases. | | | | |
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Shedding energy loads during peak utility pricing periods.




Pillar 3: Integrating lighting as an active

intelligent network

: BN
Layer 4 (Operational):
Networked Controls & Predictive Maintenance
(BMS integration to identify degradation before failure)
o N\
Layer 3 (Digital Backbone):
BIM Nodes
(fixture locations, control zones, circuit info)
.

Layer 2 (Sensory):

Occupancy & Daylight Sensors
(dynamic adjustments based on space utilization and sunlight)

Layer 1 (Physical): N

loT-Connected Fixtures
(providing real-time operational data)




The Digital Twin Ecosystem

Live
Operations

(Smart loT sensors,
. real-time BMS data) |
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The Digital Twin.
Lighting transitions from a static architectural
' N feature into a continuously monitored operational N
- N asset. Operators track energy, analyze occupancy, // .
( N and predict maintenance in real time. 2 X
| StaticBIM || Simulated |
Design | Performance |

(Dayiight analysis,

| |(Architectural geometry,| | .
virtual energy models) ||

| asset data).




Precision lighting applications across
critical industries

utility costs.

operational
expenditures.

operational efficiency.
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Commercial Healthcare Educational Airports & Data
Offices Facilities Institutions Transit Centers
Enhanced workplace Circadian lighting Improved learning Large-scale coordination, Intelligent maintenance
wellness, employee strategies, patient environments, maximized passenger experience lighting, energy-efficient

productivity, reduced comfort, lowered daylight utilization. enhancement, support spaces.




The compounding returns of lighting
optimization
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Reduced total Maximized natural Enhanced Lower long-term
energy daylight utilization occupant operational costs
consumption comfort &
productivity

v v v v

Compliance with Advanced facility Improved Return Long-term
sustainability management on Investment energy resilience
certifications capabilities (ROI)




[lluminating
opportunities for
efficiency and
sustainability.

Lighting is no longer simply an
architectural feature—it is a strategic
asset. By combining BIM-based daylight
simulation, energy modeling, and smart
lighting integration, we create

buildings that are not only visually
striking but operationally intelligent.
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Roots BIM LLC | Engineering Intelligence Through BIM, Digital
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