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Outline
A. Introduction to concept of commercial 
building energy auditing

1. Why energy efficiency (EE) is important
2. Energy use and waste in commercial building 
operations
3. Prioritizing energy efficiency over renewable energy 
generation

B. Ordinances, policies and standards 
governing commercial building audits

1. San Francisco Existing Commercial Buildings 
Performance Ordinance
2. State of California energy goals
3. ASHRAE standards, including Building Energy 
Assessment Professional (BEAP)
4. Other audit standards

C. Three ASHRAE audit levels
1. Preliminary energy use analysis
2. Level 1, Walk-through analysis
3. Level 2, Intermediate, energy survey and energy 

analysis
4. Level 3, Detailed analysis of capital-intensive 

modifications
D. Developing the scope of work in a 
commercial building audit

1. Objectives of the audit, including needed data and 

resources
2. Assessment management
3. Responsibilities of audit team members

E. Elements in preliminary analysis of building 
performance data

1. Engineering and architectural document review
2. Geographical and climatic review
3. Review and analysis of current energy use and costs
4. Benchmarking procedures

F. Factors in on-site building assessment
1. Common safety hazards and field safety techniques
2. Occupant interviews and assessment of building 
operations
3. Building envelope
4. Electrical systems
5. HVAC&R systems
6. Lighting systems and use
7. Miscellaneous other energy use systems
8. Domestic water systems and use
9. Indoor environmental quality

G. Analysis of data collected
1. Identify opportunities for efficiency improvement
2. Calculate value of efficiency improvements and 
return on investment
3. Prioritize options based on client criteria

H. Audit completion activities
1. Prepare and present written report
2. Assist with development of implementation plan
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F. Factors in on-site building assessment
1. Common safety hazards and field safety 
techniques
2. Occupant interviews and assessment of 
building operations
3. Building envelope
4. Electrical systems
5. HVAC&R systems
6. Lighting systems and use
7. Miscellaneous other energy use systems
8. Domestic water systems and use
9. Indoor environmental quality
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Lighting systems and use

6. Lighting systems and use

• Lighting terminology

• Units of measurement

• Lighting systems

• Type of Lamps

• Lighting controls

• Lighting EEMs

• Tools and measurement

• Lighting standards, codes and regulations
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6. Lighting systems and use

• Luminous flux
    - Total amount of light emitted by a source
    - Measured in lumens

• Illuminance
    - The density of light on a surface
    - Measured in lumens per ft2 (footcandles or fcd)
    - Also in SI: lumens per meter2 (lux)
    - 1 fcd » 10 lux



• Power
    - The rate energy is transferred, used, or transformed
    - Measured in joule per second (J/s), or watt

P = I · V
P : the power (watts)
V : the voltage drop (volts)
I  : the current through (amperes)

• Efficacy
     - A measure of lamp/ballast performance
     - Measured in lumen/watt
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• Lighting power density (LPD)

    - A measure of the power intensity of lighting system

    - Measured in watts/sf2

    - Energy code provides limits by space use or building type  
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• Lamp life
    - Total operating time that ½ of test set remains burning

• Lamp lumen depreciation (LLD)
     - Describes the decrease in output of a lamp during its life

• Correlated color temperature (CCT)
     - describes the color appearance of white light source
     - is a measurement of coolness or warmness of a light source

•Color rendering index (CRI)
     - A measure of how well a light source renders colors comparing 
to a reference source
     - 0-100 point scale
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• Lumen (lm) : SI unit of luminous flux
    - 1 lm = 1 cd· sr

• Foot-candle (fc or fcd): Lumen per ft2

   vs. lux (lx): lumen per m2

    - 1 fcd = 10 lux

• Power: Wattage

• Energy: kWh
    - kWh = Watts * Time (hrs)/1000
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Lighting design guide
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Lighting systems

6. Lighting systems and use

•  Lighting components: 

   - Luminaire: a complete lighting unit,  including lamps, ballast/power 

drive, reflector, diffuser/lens/louver, other accessories

   - Lamp

   - Ballast

   - Reflector

   - Diffuser lens or louver



Ballast

• Power regulator required for all 
discharge lamps: HID and fluorescent

• Preheat the electrodes (for rapid start 
lamps) to make it easier to start the arc

• Apply high voltage to start the arc 

• Limits current in an electric circuit

•Types: 

  - Electromagnetic (magnetic)

  - Electronic

Frontierlighting.com
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Ballast

6. Lighting systems and use Course No. ENRG 50

a. Electro-magnetic (magnetic) ballast
      - Made of wire coiled to create a magnetic field
      - Secondary freq. = primary frequency (60Hz)
b.   Electronic ballast
       - Up to 40% efficiency improvement over 

magnetic ballasts
       - Secondary freq. 20000-40000Hz
       - No ballast “hum”
       - Can drive up to 4 lamps/ballast
       - High Power Factor
       - Light weight
       - No flicker

EEM opportunities to 
replace magnetic 
ballast by electronic 
ballast



Lamp: lighting source

• Incandescent
• Halogen
• Fluorescent
• High Intensity Discharge
   - Metal halide
   - Mercury vapor
   - High Pressure Sodium
   - Low Pressure Sodium
• Induction lamps
• Light Emitting diodes (LEDs)
• Neon
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Type of lamps: Comparison Matrix
Lamps Source  

Type
Efficacy 
(lm/W)

Lamp Life 
(rated hrs)

Color 
Temp.1

CRI Dimm-
able 2

Volt. Sen- 
sitive2 

T. Sen-
sitive2

Incandescent Point 6-24 750-2000 W 100 Y Y N

Halogen Point 8-35 2000-6000 W 100 Y Y N

Fluorescent Linear 60-100 7500-30,000 WMC 50-98 Y N Y

CFL Area 28-84 10,000-20,000 WMC 82-86 S N Y

Metal Halide Point 50-110 6000-20,000 WM 65-92 S N N

Mercury Vapor Point 30-65 16,000-24,000 WMC 15-40 S Y N

High Pressure 
Sodium

Point 50-120 16,000-24,000 W 25 N N N

Low Pressure 
Sodium

Point 60-150 12,000-18,000 W 5 N N N

Induction Area 60-80 100,000 WM 80 N N N

White LEDs Projec-
tion

27-92 50,000-
100,000

WMC 75 Y N Y

1: W (Warm), M (Mid-range), C (Cool); 2: Y (Yes), S (Special cases), N (No)
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6. Lighting systems and use

• Incandescent: w/ filament; need to be replaced

• Halogen: a type of incandescent; EEM opportunities

• Fluorescent: 
  - Mercury vapor arc stream emits UV energy, phosphors 
convert UV into visible light

   - requires a ballast to regulate the current through the 
lamp

   - Fluorescent tube lamp

   - Compact Fluorescent Lamp (CFL)

   - high efficacy/long life/high CRI 



Fluorescent: tube

Example: F32T8/835
F = fluorescent  32 = 32 lamp watts

T = tubular bulb shape 8 = 8/8” diameter (1”)
/ = separator  8 = CRI in the 80s

35 = apparent color temperature  = 3500° Kelvin
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6. Lighting systems and use

• HID: High-intensity discharge lamp, electrical gas-discharge lamp
   - Metal halide
   - Mercury vapor
   - High pressure sodium
   - Low pressure sodium

•applications: 
   - Street lights
   - Exterior lighting of buildings
   - Warehouse lighting
   - High-bay retail
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LED (Lighting emitting diodes)
  - High brightness
  - Low energy consumption
  - Long life time
  - Need heat management
Applications: 
  - indoors/outdoors
  - Exit signs, safety lights
  - Traffic lights/street lamps
  - Advertising
  - General lighting

© wikipidia
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6. Lighting systems and use

Types and appropriate applications of lighting 
controls

a. Manual Switches
b. Schedule controls or sweeps (building 

automation systems)
c. Timers and time clocks
d. Infrared and ultrasonic occupancy sensors
e. Manual dimmers
f. Daylight controls or Photosensors
g. Bi-level switching



Occupancy sensors

• Types: 

  - Passive infrared (PIR): a line of sight beam 
that reacts to heated motion across a field of 
view

  - Ultrasonic (US): a reflective wave form that 
reacts to disturbances in return wave form.

  - Dual Tech (DT): combines both PIR and US 
sensing technologies in one device.

leviton.com

Qualify for PG&E Incentive
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Occupancy sensors: Wall switches

PIR

leviton.com

DT
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Energy saving equation

Power = The Rate of Consumption kilowatts kW

Time   = The Duration of Consumption

Energy =  Power  X Time

             = Total Consumption in Kilowatt hours kWh

Control  strategy:  regulate the rate of consumption (power), 

or the duration of consumption (time), or both.
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Advanced Lighting guidelines
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6. Lighting systems and use

• Lamp replacement
  - Replace inefficient lamps with efficient lamps
  -  Replace incandescent lamps with CFL or LED
  -  Replace T12 lamps with T8, T5 or T5/HO
  -  Replace mercury vapor lamps with MH or other sources

• Ballast replacement 
  -  Replace magnetic ballast with electronic ballast :
  -  For fluorescent lamps, 10-25% efficiency improvement

• Lighting controls

• Other EEMs



Ballast replacement

Replace magnetic ballast with electronic ballast :

   - for fluorescent lamps, 10-25% efficiency improvement

   -  for HID lamps, lower ballast losses and light 

depreciation, meaning lamps produce more light over their 

entire lifespan.

Frontierlighting.com
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PG&E lighting rebates

http://www.pge.com/inclu

des/docs/pdfs/mybusines

s/energysavingsrebates/i

ncentivesbyindustry/lighti

ng_catalog_final.pdf
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6. Lighting systems and use

Tools: 
     - Flicker checker
       spin to check the type of ballast: magnetic/electronic
       alternative: discriminator

     - Illuminance meter
       for “incident” light level (fcd or lux)
       

     - Luminance meter
       reading reflected or transmitted “brightness” in (cd/m2)
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6. Lighting systems and use

Data loggers and applications: 
     - Occupancy

     - Hours of use

     - Multiple channels

       
http://www.onsetcomp.com

http://www.onsetcomp.com/
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6. Lighting systems and use

•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/title24/2008standard
s/index.html

http://www.energy.ca.gov/
http://www.energy.ca.gov/title24/2008standards/index.html
http://www.energy.ca.gov/title24/2008standards/index.html


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
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Title 24 – Allowed Lighting Power Densities (LPD)
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Title 24 – Allowed Lighting Power Densities (LPD)
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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
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Lighting design
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Lighting design
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BEST Center Curricula, Resources & Recordings 
 
Academic Programs 
Georgia Piedmont Technical College - Building Automation Systems 
Milwaukee Area Technical College - Sustainable Facilities Operations 
Laney College - Commercial HVAC Systems 
City College San Francisco - Commercial Building Energy Analysis & Audits 
 
Professional Development Materials, Presentations & Videos 
National Institutes 
Building Automation Systems Instructor Workshops 
Webinars (e.g., BEST Talks) 
 
Faculty Profile Videos  
Reports & Case Studies 
Marketing Resources 
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