
Introduction to Lighting Systems 
and Controls

Course No. ENRG 54



Outline
A. Introduction to fundamentals of 
lighting

Lighting terminology
Physics and principles of lighting
Units of measurement
Vision and colors
Ambient, directional and task lighting
Over- and under-illuminance

B. Lighting systems
Components
Types of lamps
Ballasts
Lamp comparison matrix
Types of lighting luminaires and intensities
Energy efficiency measures (EEMs)

C. Lighting controls
Basic concepts of effectiveness of lighting 
control
Types and appropriate applications of lighting 
controls
Lighting control equations
Energy efficiency measures (EEMs)

D. Additional EEMs
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Americans with Disabilities Act (ADA)
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Underwriters’ Laboratory (UL)

•  UL is an independent, non-profit product safety testing 
and certification organization.
•Testing includes:

   - Risk of fire

   - Electric shock
   - Injury to persons

1. Underwriters’ Laboratory (UL)
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Underwriters’ Laboratory (UL)

•UL lighting: 
http://www.ul.com/global/eng/pages/offerings/industries/lighting/

• Product services
    - Lamps and Light Engines
   - Luminaires
   - Signs and Advertising
   - Electronics
   - LED Packages and LED Arrays
   - Retrofit Kits
   - Bases, Holders and Connectors
   - Lenses and Optics

1. Underwriters’ Laboratory (UL)

http://www.ul.com/global/eng/pages/offerings/industries/lighting/
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Uniform Building Codes (UBC)

• A national code used mostly in the western states to 
regulate building standards.  
• Was first published in 1927 by the International 
Council of Building Officials, updated every 3 yrs until 
1997.
• Intended to promote public safety and provided 
standardized requirements for safe construction
• Was replaced in 2000 by the new International 
Building code (IBC) published by the International Code 
Council (ICC). 

2. Uniform Building Codes (UBC)



Course No. ENRG 54

International Building Codes (IBC)

•A model building code developed by International 
Code Council (ICC). 
• Has been adopted throughout most of the US.  

•Specifies the minimum acceptable level of safety 
for buildings.
•  California adopted IBC with amendments into 
California Building Code (CBC)

Reference link: http://www.ccidc.org/code_faq.html

2. Uniform Building Codes (UBC)

http://www.ccidc.org/code_faq.html
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California Building Code (CBC)

• Mandates: 

  - Exit lighting requirements
  - Emergency egress lighting

• Usually responsibility of electrical engineers

2. Uniform Building Codes (UBC)
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Americans with Disabilities Act (ADA)

• Gives civil rights protections to individuals with 
disabilities that are like those provided to individuals on 
the basis of race, sex, national origin, and religion.

• Objects projecting from walls with their leading edges 
between 27” and 80” (685 mm and 2030 mm) above the 
finished floor (AFF) shall protrude no more than 4” 
(100mm) into walks, halls, corridors, passageways, or 
aisles

• ADA web link: http://www.ada.gov/

3. Americans with Disabilities Act (ADA)

http://www.ada.gov/
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Title 24

• Mandatory requirements

• Prescriptive requirements
• Exterior lighting regulations

•California Energy commission: 
http://www.energy.ca.gov/

Title 24 2008: 
http://www.energy.ca.gov/title24/2
008standards/index.html

4. Title 24 applications

http://www.energy.ca.gov/
http://www.energy.ca.gov/title24/2008standards/index.html
http://www.energy.ca.gov/title24/2008standards/index.html
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Title 24 – Outline of Lighting Requirements

Standard Mandatory Measures Prescriptive Requirement

Nonresidential • Shutoff controls
• Space control
• Exit signs
• Occupant sensors
• Daylighting controls
• Special controls

• Lighting power 
(whole building and 
space-by-space 
allowances)
• Control credits

Residential • Luminaire efficacy
• controls

• None

4. Title 24 applications
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Title 24 – Allowed Lighting Power Densities (LPD)

4. Title 24 applications
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Title 24 – Lighting Power Adjustment Factors

4. Title 24 applications
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Title 24 – Lighting Power Adjustment Factors

4. Title 24 applications
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Title 24 2013

• California’s building efficiency standards are updated on 
a 3 year cycle.

• Title 24 2013  takes effect in 
January 2014.
• Compliance with new Code 
results in 25% less energy for 
lighting, heating, cooling, 
ventilation, and water heating 
than 2008 Standards. 
Web link: 
http://www.energy.ca.gov/title24/2013s
tandards/supporting_docs.html

4. Title 24 applications

http://www.energy.ca.gov/title24/2013standards/supporting_docs.html
http://www.energy.ca.gov/title24/2013standards/supporting_docs.html
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Title 24 2013 Key Requirements

• Reductions in Area Category LPDs

2008 T24 2013 T24

Open office (>250sf> 0.9 W/sf 0.75 W/sf

Private office (<250sf) 1.1 W/sf 1.0 W/sf

Retail 1.6 W/sf 1.2 W/sf with adders:
 - 0.3 W/sf for accent, display and 
feature lighting (must be adjustable or 
directional luminaires)
 - 0.2 W/sf for decorative lighting

4. Title 24 applications
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Title 24 2013 Key Requirements

• New power adjustment factors for occupancy sensor 
control in open offices:
  - 0.2 for 250-500 sf per sensor (4 people)

  - 0.3 for 125-250 sf per sensor (2 people)

  - 0.4 for <125 sf per sensor (1 person)

4. Title 24 applications
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Title 24 – Multi-level control requirements

4. Title 24 applications
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Title 24 2013 Key Requirements

• Allowance for 24/7 lighting for building security has 
been removed (130.1(a) and 130.1(c)).
• allowance for egress lighting have mostly been 
removed

  - 0.2 W/sf is excepted from the Area Control 
requirements, along designated egress routes 
(130.1(a)). (previous code was 0.3W/sf)
  - 0.05 W/sf is excepted from the Shut-Off Control 
requirements, along designated egress routes in 
offices only. Other building types have no allowance. 
(130.1(c)).(previous code was 0.3 W/sf)

4. Title 24 applications
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Lighting design

4. Title 24 applications
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Lighting design

4. Title 24 applications
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H. Operations & Maintenance (O&M) measures to 
assure optimal performance

1. Make sure occupancy sensors turn lights off after a 
reasonable period of time

2. Check timer(s) and lighting schedule set-up regularly 
3. Override manual controls
4. Daylighting commissioning
5. Educate the end users in proper use of lighting 

controls 
6. Seasonally adjust exterior lighting schedule 
7. Re-lamp entire building on a regular schedule
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Daylighting commissioning

• Select proper equipment 

• Install the sensors at proper place(s)
• Calibrate sensors so they produce the desired control 
signal

• The light sensor and controller must be adjusted to 
provide the desired light level at the task location. 

• May require professional designer(s) and/or 
contractor(s)
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