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Mission

To accelerate the development and 

commercialization of energy-efficient lighting 

and daylighting technologies in partnership 

with utilities, manufacturers, end users, 

builders, designers, researchers, academics, 

and governmental agencies.

MISSION-DRIVEN ACTIVITIES:

• Research & Development

• Demonstration & Outreach

• Education & Training













FOUNDING ORGANIZATIONS

LARGE END-USERSMANUFACTURERS

UTILITIES



Lighting & Energy Efficiency

Luminous Efficacy

– One time, long duration change

– Reduction of baseline

• Light Source Efficacy

• Luminaire Efficacy

• Application Efficacy

Lighting Controls

– Continuous, real-time change

– Fluctuations from base line

• Occupancy / Vacancy

• Daylighting

• Demand Response

• Tuning

• Personal Control



Adaptive Lighting Systems…

automatically adjust their light output…

– Total Luminous Flux

– Spectral Power Distribution

– Candle Power Distribution

based on sensor input from the 

space they serve…

– Occupancy / Vacancy

– Daylight

– DR Signals

to optimize space and building performance.

– Comfort

– Energy Savings

– Peak Demand Reduction



Integrated Control Strategy 

During occupancy focus on comfort

– Adjust fenestration for daylight penetration

– Adjust electric lighting for daylight contribution

– Offer manual control options 

– Adjust electric lighting for demand response signal

– Adjust HVAC

During vacancy focus on energy efficiency

– Adjust fenestration for cooling/heating loads

– Turn electric lighting off or dim down

– Adjust electric lighting for demand response signal

– Adjust HVAC



Select the Appropriate

Source + Luminaire + Controls
for the application



Mandatory Requirements:

Lighting Controls



Photo: Cree, Inc.





Repairs, Alterations and MIPs



What is a repair?

“Reconstruction or renewal for the purpose of 

maintenance of any component, system, or 

equipment of an existing building.” Sec. 100.1

• Replacement in kind of lamps, lamp holders, or lenses

• Alterations caused directly by the disturbance of asbestos

• Repairs may not increase the energy consumption of the 

repaired equipment.

• If you replace any component, system, or equipment that is 

regulated by Title 24, that modification is considered an 

alteration and not a repair.

Repairs are not intended to trigger Title 24.





What is an alteration?

“Lighting System Alterations include alterations where 

an existing lighting system is modified, luminaires are 

replaced, or luminaires are disconnected from the 

circuit, removed and reinstalled, whether in the same 

location or installed elsewhere. Any change to the 

lighting system that is not part of an addition.” Sec. 141.0 (I) ii

• Luminaire replacement

• Luminaire removal or relocation

• Wiring alterations

• Connecting luminaires to switches, relays, 

branch circuits, and other controls

Alterations trigger Title 24 requirements.



• More projects will be required 

to comply with both lighting 

power density (LPD) and 

mandatory controls measures. 

• Trigger point moved to 

10% of the luminaires in an 

enclosed space.

• Consistent with ASHRAE 90.1-

2010.

• There are several layers of 

exceptions.

Alterations



Luminaire alterations



Lighting controls requirements

Indoor

130.1 (a) = area controls AREA

130.1 (b) = multi-level lighting controls DIMMING/Bi-LEVEL

130.1 (c) = shut off controls CONTROLS

130.1 (d) = daylighting DAYLIGHTING

130.1 (e) = demand response EMERGENCY

Outdoor

130.2 (c) 

Source Dimmability

Adaptive Controls



What is a luminaire modification-in-place?

• Source switch to another type 
(ex: fluorescent >> LED)

• Lamp and ballast upgrades

• Reflector or optical system 
modifications

• Luminaire retrofit kits

• Luminaire replacements, 
one-for-one 

These trigger a slightly 
different set of code 
requirements than 
those for alterations.



Luminaire modifications-in place



Tubular LEDs



LED Retrofit options for 

Linear Fluorescent Luminaires

http://cltc.ucdavis.edu/publica

tion/led-retrofit-options-linear-

fluorescent-lighting

http://cltc.ucdavis.edu/publication/led-retrofit-options-linear-fluorescent-lighting




PRIMARY FUNCTION AREA
ALLOWED LIGHTING 

POWER (W/ft2)

2013 2008

Office Area: > 250 square feet 0.75 0.9

< 250 square feet 1 1.1

Parking Garage Area: Parking Area 0.14 0.2 

Dedicated Ramps  0.3 0.6

Retail Merchandise Sales, Wholesale Showroom Areas 1.2 1.6

Selected changes from 2008 – 2013



PAFs for 2013 code: Table 140.6-A



Indoor Lighting Controls Requirements



Area controls

• All luminaires must have 

manual switching

• Each area of a building must be 

separately controlled

– An area is defined by 

floor-to-ceiling partitions

• Up to 0.2 watts of egress 

lighting may be excepted 

from this requirement during 

occupied times. 

– Down from 0.3 watts in 2008



Separately controlled lighting systems

• General lighting must be 

separately controlled

• Floor and wall display, 

window display, case display, 

ornamental, and special 

effects lighting must be 

separately controlled

• Track lighting: general, 

display, ornamental, and 

special effects lighting must 

be separately controlled
Image credit: Acuity



Multi-level lighting control: 130.1 (b)

• Areas with LPD greater than 

0.5 W/ft2

• Requirements based on 

source type

• One additional control strategy 

required, previously no additional 

requirements

• There are some exceptions 

Image Courtesy of Acuity Brands



Table 130.1-A

Any area ≥ 100 ft2 with a 

connected lighting load > 

0.5 W/ft2 must meet the 

control and uniformity 

requirements in Table 

130.1-A, with each 

luminaire controlled by at 

least one of the following 

control strategies:

• Manual dimming

• Lumen maintenance

• Tuning

• Automatic daylighting

• Demand response 



Lumen Maintenance

“a strategy used to provide 

a precise, constant level 

of lighting from a lighting 

system regardless of the 

age of the lamps or the 

maintenance of the 

luminaires.”

Compares the amount of light 

currently produced to the 

amount of light produced when 

the luminaire was brand new

L70 = the number of hours it 

takes for the lumen output to 

shrink to 70% of initial output



Multi-level exceptions

Classrooms with connected 

load of ≤ 0.7 W / ft2 must 

have at least one control 

step between 30–70% of 

full power.

Areas with only one 

luminaire and no more than 

two lamps are exempt

Image Courtesy of  Acuity Brands



Shut-off Controls

Indoor lighting must have controls that:

– Automatically turn off lighting 

when unoccupied

– Controls each floor of a building separately

– Controls each space of a building separately

Shut-off controls exceptions

– Where the lighting is in use 24/7, 

365 days a year

– Lighting for emergency egress

– Electrical equipment rooms



Occupant sensing controls required to 

shut off all lighting when area is vacant

– Offices 250 ft2 or smaller

– Multipurpose rooms 1000 ft2 or smaller

– Classrooms

– Conference rooms



Egress

Reduced exception for egress lighting

2008: 0.3 W/ft2 anywhere 

2013: Maximum security and egress 

lighting allowance of 0.2 W/ft2 when a 

building is occupied

– General and egress lighting must be 

shut off during unoccupied times

– Exception: Offices are allowed up to 

0.05 W / ft2 for lighting during 

unoccupied periods along emergency 

egress areas designated on the 

building plans. This lighting is not 

required to be connected to automatic 

shut-off controls.



Countdown timers

• Countdown timer switches may only be used in:

– Single-stall bathrooms < 70 ft2

– Closets < 70 ft2

– Aisles in server rooms, max 30 min time out 



Automatic Time-switch controls

If an automatic time-switch control, 

other than an occupancy sensor, is 

used to comply with this section it 

should have an override that:

– Allows lighting to remain on for no more 

than two hours

• Does not apply to retail spaces, 

restaurants, grocery stores, 

churches, and theatres

– Has an automatic holiday shut-off

• Exception: retail stores, places of 

worship, theaters (i.e. places where 

people go on holidays)



Guest rooms in hotels / motels

Key card activated hotel and 

motel guest rooms:

Lighting OFF after 30 minutes

Hotel/motel rooms: allows for 

one high efficacy luminaire with 

a switch within 6 feet of door



Partial ON/OFF: Changes from 2008

Specific requirements for 

partial ON/OFF occupancy sensors; 

none required in 2008

– Library book stacks*

– Stairwells and corridors*

– Warehouse aisle ways and open areas*

– Parking garages

– Other indoor parking areas

– Indoor loading and unloading zones

* in addition to automatic time switch controls



Reduce on vacancy, then off at COB

Areas where partial ON/OFF 

occupant sensing controls are 

required in addition to full automatic 

shut-off at COB:

– Stairwells

– Corridors

– Aisle ways and open areas 

in warehouses

– Library book stack aisles, 

10 feet or longer

Reduce by 50% power on vacancy, 

increase when occupied 



Reduce on vacancy, rather than off

Areas where partial ON/OFF 

occupant sensing controls are 

required instead of full automatic 

shut-off at COB:

– Stairwells and common area 

corridors in high-rise residential 

buildings and hotel/motels: 

≥ 50% reduction

– Parking: one step between 20-

50%: Indoor parking and 

loading/unloading areas

• Control ≤ 500W per zone

Image credit: Philips



Low-rise Multi-family Common Areas 

A multi-family complex consists of 

four or more dwelling units. A low-

rise is considered a building with 

three or fewer stories.

• All hardwired lighting must be high efficacy 

or controlled by a occupant sensor

• The occupant sensor must be directly on the 

walkway and/or view the entire space

If the building has more than three stories 

the common areas must comply with the 

nonresidential code.

In the 2008 code: see 150 (k)16

In the 2013 code: see 150.0 (k)12



2013 Low-rise Multi-family Common Areas 

• In buildings where common areas 

constitute > 20% of the floor space:

• Lighting must comply with the 

nonresidential standards

• Lighting in corridors and stairwells must

be controlled by occupancy sensors that 

reduce lighting power by at least 50%

In buildings with common areas that 

are ≤ 20% of the floor space:

• All hardwired lighting must be 

high efficacy or controlled by an 

occupancy sensor

In the 2013 code: see 150(k) 12

Image credit: The Hanover Co.



Daylighting Controls: Changes from 2008

• Manual controls requirement removed; 

automatic controls now required in all spaces

• Area size exemptions removed

• Calculation method for daylit zones = simplified! 

• Parking garages are now included; previously exempt



Daylight Zones

Regions within a building that are close enough to a source of 

daylight that daylight harvesting is possible are considered within 

a “daylight zone.”

• Skylit Zone: An area illuminated by one or more skylights

• Primary Sidelit Zone: A daylit area directly adjacent to one or more 

windows

• Secondary Sidelit Zone: An area not directly adjacent to a window 

that still receives some daylight through its proximity to the window

Daylight zones must be marked on the building floor plans.

Section 130.1(d)1



Daylighting Controls 

• Luminaires in primary sidelit and 

skylit areas must have 

photocontrols

• Luminaires that fall in both sidelit

and skylit zones are controlled by 

skylit zone

• Show primary sidelit and skylit

zones on the plans

• When using the prescriptive 

method, the automatic daylighting

controls requirements for primary 

sidelit zones also apply to general 

lighting luminaires that are at least 

50% in a secondary sidelit zone. 



Daylighting Controls 

• Daylit zones should be 

controlled with the multi-level 

steps in Table 130.1-A unless 

LPD < 0.3 W/ft2

• Light levels provided at night 

should be available at all 

other times

• When sufficient daylight is 

available, lighting power must 

be reduced by at least 65%



Daylighting for Parking Garages

• Show primary and 

secondary zones on plans

• Automatic controls required in both 

primary and secondary zones, 

control each zone separately

• When ample daylight is 

available in primary zone, 

lighting power consumption 

= ZERO

• Parking garage areas with ≥ 36 ft2 of 

glazing or opening must have 

automatic daylighting controls.



Demand Response

• Buildings > 10,000 ft2

• Alterations that increase the 

connected load within a space in 

a building that > 10,000 ft2

• Reduce lighting power 

at least 15%

• Spaces that are non-habitable or 

with a lighting power density of 

< 0.5 W/ft2 shall not be used to 

comply with the DR requirement

Section 130.1 (e)



Mandatory Device Requirements

Majority of lighting control devices 

are now regulated by the 

California Appliance Efficiency 

Standards, Title 20:

– Time switch controls

– Daylighting controls

– Dimmers

– Occupant sensing devices

– Part-night outdoor lighting controls



Mandatory Device Requirements

Lighting devices regulated by 

California Appliance Efficiency 

Standards, Title 20 and Certified 

to the Energy Commission:

– Fluorescent lamp ballasts

– Lighting control devices and 

lighting control systems

– Track lighting: integral current 

limiters and supplementary 

overcurrent protection panel 

– High efficacy LED light sources

– Ballasts for residential 

recessed luminaires
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Certified Lighting Controls ATT

• Conducted by certified 

field technicians

• Verifies installation requirements 

are met

• Ensures installed equipment and 

systems operate properly

– Automatic Daylighting Controls

– Automatic Time Switch Controls

– Occupancy Sensor

– Demand Response Controls

– Outdoor Lighting Shut-off Controls

– Outdoor Motion Sensor

CALCTP
www.calctp.org



Outdoor Lighting Control Requirements



Additions and Alterations

Any alteration that increases the connected lighting load 

must meet all mandatory, prescriptive, or performance 

measures that are required.

No req. Mandatory Controls
§130.0, 130.2, 130.4

+

Performance/Prescriptive 

Requirements
Lighting power density 

allowances of §140.7

Mandatory Controls
§130.0, 130.2, 130.4

Section 141.0 (b)2J



Outdoor lighting 

• Photocontrol AND a automatic 

scheduling control is required 

• An astronomical time switch 

maybe used in lieu of this 

combination, covering both 

strategies

• Outdoor lighting must be 

circuited and independently 

controlled from other 

electric loads.



Lighting mounted ≤ 24 ft above the ground

Motion controls required:

• Auto-ON when the areas become occupied

• Automatic step-dimming or continuous dimming when areas are vacant

• No more than 1,500 W of lighting with a mounting height of 24 ft and 

under may be controlled together

Full DimmedImages Courtesy of  Lithonia Lighting



Outdoor lighting ≤ 24 ft

A few exceptions apply: 

• Pole-mounted luminaires with a 

maximum rated wattage of 75 W

• Non-pole-mounted luminaires with 

a maximum rated wattage of 30 W

• Linear lighting with a 

maximum rated wattage of 

4 W per linear foot of luminaire



Frontage areas, lots, sales canopies

A part-night outdoor lighting control, or

Auto-on motion sensor that automatically reduces lighting power 

by at least 40% power when spaces are vacant

Images Courtesy of  Lithonia Lighting



Facades, outdoor dining, ornamental

A part-night outdoor lighting control, or

Auto-ON motion sensors that reduce lighting power by at least 

40% but no more than 80%, or

A centralized time-based zone lighting control capable of automatically 

reducing lighting power by at least 50%

Image Courtesy of  Lithonia Lighting



Outdoor lighting 

All outdoor incandescent luminaires rated over 100 W and 

installed for non-residential use must be controlled by a motion sensor 

in addition to photocontrols and scheduling controls.

Left and Right Images Courtesy of  Lithonia Lighting



(Backlight), Uplight and Glare Control

2013 code requires all outdoor 

luminaires ≥ 150 W to comply 

with the IES BUG system for 

assessing and limiting 

backlight, uplight and glare. 

There are no Backlight 

requirements in 

Section 130.2 of Part 6

Change from the older cutoff 

system in 2008 standards, 

which applied to luminaires 

≥ 175 W



Required indoor forms

Compliance:

1. NRCC-LTI-01-E Indoor Lighting

2. NRCC-LTI-02-E Indoor Lighting Controls

3. NRCC-LTI-03-E Indoor Lighting Power Allowance

4. NRCC-LTI-04-E Tailored Method Worksheets

5. NRCC-LTI-05-E Line Voltage Track Lighting Worksheet

Installation:

1. NRCI-LTI-01-E All Buildings

2. NRCI-LTI-02-E Lighting Controls

3. NRCI-LTI-04-E Two Interlocked Systems

4. NRCI-LTI-05-E Power Adjustment Factor

5. NRCI-LTI-06-E Video Conferencing Studio



Required outdoor forms

Compliance:

1. NRCC-LTO-01-E Outdoor Lighting

2. NRCC-LTO-02-E Outdoor Lighting Controls

3. NRCC-LTO-03-E Outdoor Lighting Power Allowances

Installation:

1. NRCI-LTO-01-E Outdoor Lighting Certificate of Installation

2. NRCI-LTO-02-E EMCS or Lighting Control System



Adaptive Lighting: Case Studies



UC Davis: Bi-level Stairwells

UC Davis installed 999 LED units

Assumed 20% occupancy rate

22W high / 5W low

PIR sensor times out after 5 min

Estimated energy use reduction: 85%

7,008 hours in standby mode 

1,752 hours in active mode



Campus Corridors Case Study: UCSF 

• UCSF Medical Sciences building

• Total: 50 two-lamp 

T8 fluorescent fixtures addressed

• 20% of full lighting power during 

vacancy, 70% when occupied

• 3 different systems:

– Lutron Energi TriPak

– WattStopper Digital Lighting 

Management (DLM)

– Enlighted



Campus Corridors Case Study: UCSF 

Lutron Energi TriPak: 17 fixtures

– Occupancy rate: 12%

– Reduced lighting energy use: 62%

• 260 kWh annual savings

WattStopper: 14 fixtures

– Occupancy rate: 16%

– Reduced energy use: 53%

• 3,108 kWh annual savings

Enlighted: 19 fixtures

– Occupancy rate: 14%

– Reduced energy use: 68%

• 5,396 kWh annual savings

Photo: Lutron

Photo: WattStopper

Photo: Enlighted



Office Workspaces Case Study: UCSB 

• Student Information Systems and 

Technology office

– Three open office spaces with cubicles 

• 58 2’x2’ 56W recessed fluorescent 

replaced by 58 dimmable LED 

• Monitored from May to October 2013

• Occupancy rate: 28%

• Reduced energy use by 89%

– Annual energy savings estimate: 

11,500 kWh

– Lifetime energy cost savings: 

$315 per fixture based on 

UCSB rate of $0.11/kWh



NETWORKED ADAPTIVE EXTERIOR LIGHTING

NorthBay VacaValley Hospital 

Existing: 

40 induction luminaires

13 HPS

7 metal halide luminaires

Project Partners:



Solution

• 57 LED luminaires, passive infrared (PIR) 

and microwave motion sensors, and a 

wireless radio frequency mesh network 

control system

• System components meet or exceed the 

IES’S best-practice photometric 

performance recommendations and the 

DLC’S criteria for its Qualified Products List



MWX: Microwave Sensor



Demonstration Results

• Energy Savings: 66%

• Occupancy Rate: 35-55%

• Induction to LED luminaires reduced energy use 33.9%.

• Networked control system further reduced the energy use 49.2 %

• Total annual savings for the demonstration: 29,020 kWh 

• 2014 Lighting Energy Efficiency in Parking (LEEP) Award Winner: 

Best Use of Lighting Controls in a Single Facility



Next: Getting to Zero Net Energy

California Department of Public Health

Richmond, CA



Next: Customizable CCT and SPD
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Next: Smart Cities, Connected Streetlighting



Resources

For more information:

California Energy Commission: Building Efficiency Standards

http://www.energy.ca.gov/title24/2013standards/index.html

California Energy Commission: 2013 Nonresidential Compliance Manual

http://www.energy.ca.gov/2013publications/CEC-400-2013-002/CEC-400-2013-

002-SD.pdf

Energy Code Ace

http://energycodeace.com

California Lighting Technology Center, UC Davis

http://cltc.ucdavis.edu/title24

http://www.energy.ca.gov/title24/2013standards/index.html
http://www.energy.ca.gov/2013publications/CEC-400-2013-002/CEC-400-2013-002-SD.pdf
http://energycodeace.com
http://cltc.ucdavis.edu/title24


EnergyCodeAce.com





cltc.ucdavis.edu/

publication/whats-new-

title24-2013-code




