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²ŜƭŎƻƳŜΦ ¢ƻŘŀȅΩǎ ǿŜōƛƴŀǊ ƛǎ ōŜƛƴƎ ǊŜŎƻǊŘŜŘ ŀƴŘ ǿƛƭƭ ōŜ ǇƻǎǘŜŘ ŀǘΥ

Å www.E3Tnw.org

Å www.ConduitNW.org

¸ƻǳ Ƴŀȅ ǎǳōƳƛǘ ǉǳŜǎǘƛƻƴǎ ŀǘ ŀƴȅ ǘƛƳŜ ŘǳǊƛƴƎ ǘƘŜ ǿŜōƛƴŀǊΦ ²ŜΩƭƭ ŀƴǎǿŜǊ 
them during the Question & Answer session after the presentation. 

The webinar will begin momentarily. Thank you for attending!

http://www.e3tnw.org/
http://www.conduitnw.org/


E3T
Energy 

Efficiency 

Emerging Technologies

Advanced Lighting Control 

Systems



E3T
Energy 

Efficiency 

Emerging TechnologiesE3T
Energy 

Efficiency 

Emerging Technologies

Interior Lighting Controls

James R Benya, PE 
FIES FIALD

The Benya Burnett

Consultancy

Davis, CA



E3T
Energy 

Efficiency 

Emerging Technologies

Lighting Control Basics

Energy = Power x Time

Kilowatt hours = kilowatts x hours

ÅLights off Ą no energy used

ÅLights on but dimmed Ą less energy used

ÅCooling season Ą add 33% for cooling the heat of 
lights

ÅHeating season Ą less 33% for using the heat of 
lights
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ÅManual Control   ֕preference, desire, 
carelessness

ÅAutomatic Control

ïHarvest daylight (daylighting)

ïNo one present (occupancy or vacancy)

ïNeed less at night (adaptation compensation)

ïUse only the minimum amount (tuning)

ïAllow people to use less (manual control)

Why Control Lights?
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Systems

ÅSingle-room systems 

ÅDivisible-room systems

ÅPartial- or whole-building 
systems

Devices

ÅWallboxswitches, timers, 
clocks, dimmers and 
occupancy sensors

ÅCeiling occupancy and 
daylight sensors

Åά¢ƛƳŜ ŎƭƻŎƪέ ŎƻƴǘǊƻƭǎ

ÅAstronomic controls

Primary Approaches to Control
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Devices

Residential

ÅSwitches

ÅDimmers

ÅTimers

ÅProgrammable time clocks

ÅMotion sensors

Non-residential

ÅSwitches

ÅDimmers

ÅTimers

ÅProgrammable time clocks

ÅOccupancy sensors

ÅVacancy sensors

ÅDaylight sensors

ÅTwo-level vacancy sensors
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Systems by Type

Analog/Power
Digital or analog communications with 
central intelligence

ÅSensor and/or control 
station inputs

ÅCentral dimmer or relay 
cabinets

ÅHardwired power and 

control circuits

Digital
Digital communications and distributed 
intelligence (central intelligence can be 
added for more capabilities)

ÅIntelligent sensor and/ 
or control station inputs

ÅSmart luminaires

ÅTotally flexible circuits 
without rewiring
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Single Room

ÅPre-set systems

ÅPartitioned room systems

ÅTheatrical controls

Building Wide

ÅLighting systems

ÅLighting systems with 
master controls

ÅLighting systems with 
shading controls

ÅLighting systems with 
building automation 
interface

Systems by Size
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ÅManual dimming

ÅPreset dimming

ÅWhole-house scenes

ÅA/V integration

ÅUser preference or work 
accommodation

ÅArchitainment

ÅPrincipally for specific 
functions, convenience, 
pleasure, aesthetics

ÅEnergy is conserved as a 
by-product

!ǊŎƘƛǘŜŎǘǳǊŀƭ ά5ƛƳƳƛƴƎέ
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Energy-Conserving Lighting Controls

ÅDaylight harvesting (with or without shade control)

ÅOccupancy or vacancy switching

ÅTime of day or solar time switching

ÅTuning to minimum necessary level

ÅAllow users to manually use less

ÅReduce load for demand response or to save energy costs

ÅPrincipally for energy management and energy cost 
management

ÅUser preference and convenience are a by-product
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Theatrical Lighting 

Old School

ÅGrid array for clamping on 
moveable lighting

ÅStage pin outlets wired back 
to huge banks of dimmers

ÅDimmer per circuit wiring ς
tremendous power handling 
ability

ÅDMX-512A digital lighting 
control/analog dimmers

New School

ÅGrid array for clamping on 
moveable lighting

ÅPower outlets, undimmed and 
unswitched

ÅEthernet control environment 
ςany light on any circuit can 
be any channel

ÅaǳƭǘƛǇƭŜ άǳƴƛǾŜǊǎŜǎέ ǘƻ 
control multiple address lights 
(e.g., LED or moving lights)
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Strategies of Energy Management

ÅDaylighting l֕ights are dimmed or extinguished in 
response to daylight.

ÅSmall zone motion and/or vacancy detection ֕sensors can 
see all occupants and extinguish lights when the space is 
unoccupied. 

ÅLarge zone motion and/or vacancy detection ֕one or 
more sensors are often combined with scheduling to 
provide night security and safety.

ÅUser dimming ֕ individual occupants can control lights 
affecting their task.
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Strategies of Energy Management

/ƻƴǘƛƴǳŜŘΧ

ÅTuning m֕aximum light levels can be set to limit lighting 
power.

ÅScheduling ֕ lights are switched on a fixed or programmed 
schedule.

ÅAdaptation compensation ֕ interior lights are dimmed at 
night to ease adaptation of the eye and harvest energy 
savings.

ÅDemand management and response ֕overall building 
energy use is monitored and reduced in response to energy 
cost or grid emergencies
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How Lights are Switched

ÅMechanical switch

ÅRelay from remote switch

ÅInternal to the ballast or driver
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How Lights are Dimmed

ÅVary the voltage

ïIncandescent lighting

ÅRapidly switch line power on and off (60 Hz in U.S.)

ïIncandescent lighting

ïFluorescent lighting

ïHID lighting

ïLED

ÅModulate the power on and off at high frequency

ïFluorescent lighting (30kHz+)

ïHID lighting (130 Hz or higher)

ïLED (130 Hz or higher)
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Power Circuits

Åά[ƛƴŜέ ǾƻƭǘŀƎŜ όƛΦŜΦΣ ǘƘŜ 
utilization voltage 120, 277, 
etc.)

ÅHigh amps

ÅBulky devices

Control Circuits

ÅLow voltage, normally 24 
volts DC

ÅVery low amps

ÅDelicate and electronic 
circuits

ÅCause power circuits to 
operate

Power and Control Circuits
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Power Circuits

ÅWire in conduit  (Class 1)

ÅLarge-gauge wire (#14 min.)

ÅJunction boxes large enough 
for wiring make-up and 
termination

ÅSafety precautions essential

Control Circuits

ÅWire in conduit (Class 1) or 
protected (Class 2)

ÅSmall-gauge wire (#18 or 
smaller)

ÅSmall junction boxes and 
open connections

ÅMinimum safety issues

Power and Control Circuits
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Fluorescent & LED Lighting Controls

ÅAll dimming is performed inside the ballast  or driver 
using control circuits

ÅThe challenge is how to switch the lights and how to 
communicate the level setting to the ballast



E3T
Energy 

Efficiency 

Emerging Technologies

Fluorescent Switching

ÅOption 1: Power on/off using a remote switch

ÅOption 2: Ballast has internal brains to turn on and 
off when signaled
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Fluorescent and LED Dimming

ÅOption 1: Use an incandescent dimmer to send a 
dimming signal by normal phase dimming

ÅhǇǘƛƻƴ нΥ ¦ǎŜ ŀƴ άŜƭŜŎǘǊƻƴƛŎ ǇƻǿŜǊ ǎǳǇǇƭȅέ ŘƛƳƳŜǊ 
to send a dimming signal by reverse phase dimming

ÅOption 3: Use a DC circuit from 0 volts (0 light) to 10 
volts (full light)

ÅOption 4: Use a digital signal to instruct the light 
output
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Controls Systems Types

ÁDALI-based (with and without overlay)

ÁZone-based

ÁWireless

ÁLegacy-based

ÁPower line carrier
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Controllable Fluorescent Ballasts

Step dimming ballasts
ÅAll rapid start

Å2 steps (0-50-100)

Å3 steps (0-30-70-100)

Å7 steps dissolve (3-100%)

Analog dimming ballasts
Å0-10 volt external circuit for 

photocells and complex systems

Å2 wire wallboxdimmer circuit

Å3 wire legacy fluorescent dimming 
circuit for dimming systems

Digital Dimming Ballasts
ÅGeneric two byte DALI

ÅProprietary
ïEcosystem (Lutron)

ïSector (Leviton)
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Controllable HID Ballasts

ÅElectronic ballasts for all HID lighting through 150 
watts, indoor and some outdoor applications

ÅElectronic ballasts for indoor HID lighting 250-400 
watt

ÅAll have a minimum dim point of 50% light/70% 
power
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Controllable LED Drivers

Å5ŜǎƛƎƴŜŘ ǘƻ ǇƻǿŜǊ άǎǘŀƴŘŀǊŘƛȊŜŘέ [95ǎ

ÅForward phase cut (incandescent) dimming

ÅReverse phase cut (incandescent electronic) dimming

Å0-10 volt dimming

ÅDMX-512 dimming

ÅDALI dimming

ÅEcosystem dimming
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Digital Lighting Controls

Load any circuit up to 16 amps
One master controller per building

Plug in low voltage wiring and stations ς
no conduit needed

Low-voltage controls 18-22 
ga.wireplenum rated
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Other lamps

ÅDigital incandescent dimmer 
packs

ÅDigital dimming LED drivers

ÅDigital non-dimming 
interfaces for HID and other 
non dim sources

Fluorescent dimming
ÅStandard DALI dimming 

ballasts (T8, T5, CF)

ÅProprietary advanced 
dimming ballasts

ÅHigh performance dimming 
ballasts

ÅCombination analog 
legacy/digital ballasts

ÅLegacy fluorescent dimming 
ballast interface

Digital Lighting Ballasts
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Performance Capabilities of Commercial 

Lighting Control Systems

Î Performs well at reasonable cost

º Performs acceptably with cost or 

performance limits

X  Function not possible or unusually 

expensive and/or difficult

? System might be capable
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State-of-the-art Systems

DALI-based (stand alone) Î Î º Î Î º X X (3) $$-$$$

DALI-based (with overlay) Î Î Î Î Î Î º Î (3) $$-$$$$

Zone-based with overlay Î Î Î Î Î Î º Î X $$-$$$$

Wireless Zone-based Î Î Î Î Î Î X Î X $$-$$$$

Legacy-based º º Î º (4) Î º Î º $$-$$$$

Power Line Carrier º º Î X (4) Î º Î º $$-$$$$
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Performance Capabilities of Commercial 

Lighting Control Systems

Î Performs well at reasonable cost

º Performs acceptably with cost or 

performance limits

X  Function not possible or unusually 

expensive and/or difficult

? System might be capable
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Conventional Lighting Controls

Stand alone analog system with analog 

dimming ballasts without central relay 

panels

º Î Î º º X X X Î $-$$$

Old school relay panels X º º X X Î X X X $-$$

BAS overlay to legacy system with stand 

alone small zones, D/A outputs  and 

analog dimming ballasts throughout   

Î Î Î Î Î Î º Î X
$$$-

$$$$
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Assessing Candidates

¢ƘŜ ƛŘŜŀƭ ǎȅǎǘŜƳ ƛǎ άǇƭǳƎ-program-ǇƭŀȅΦέ 

Wiring should be easy and faultless with a minimum of 
wire stripping or the need to land individual wires. 

The wiring methods should be simple, repetitive and 
logical.
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wŜƎŀǊŘƭŜǎǎ ƻŦ Ƙƻǿ Ƴŀƴȅ ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ 
products are used, there should be a single 
point of responsibility for the compatibility 
of the products and for all necessary 
products being part of the system. 

Assessing Candidates



E3T
Energy 

Efficiency 

Emerging TechnologiesE3T
Energy 

Efficiency 

Emerging Technologies

Supplier Start-up, Commissioning and 
Programming      

A company representative or, preferably, a factory 
engineer should be a integral part of the installation 
and commissioning team.  

This person should be well trained and capable of:

ÅQuickly reviewing and fixing installation errors, 

ÅChecking system integrity, 

ÅPlacing the system into operating condition, and 

ÅPerforming initial programming.  
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Supplier Start-up, Commissioning and 
Programming      

This person should:

Å¢ŜŀŎƘ ǘƘŜ ƻǿƴŜǊΩǎ ǇŜǊǎƻƴƴŜƭ Ƙƻǿ ǘƻ 
operate and reprogram the system and 

ÅBe available on-call throughout a 
reasonable shake-down period.
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System Maturity    

ÅThe system should be well into a third 
generation of the product, if possible. 

ÅComparable systems in current operation 
should be able to be reviewed and should 
have testimonials from several customers

ÅFirst-generation products should only be used 
ƻƴ ŀ ǇƻǘŜƴǘƛŀƭ άƎǳƛƴŜŀ ǇƛƎέ ōŀǎƛǎΦ
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The system should have, as a minimum, a 
comprehensive labor and material warranty for 
the first year and a declining value warranty on 
all parts for at least five years.

Warranty    
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Company Track Record    

The company should have been in the 
architectural and/or energy lighting controls 
business for at least 10 years. Consider company 
size and ability to survive in our highly 
competitive market. 

¢ƘŜ ŎƻƳǇŀƴȅΩǎ ǊŜǇǳǘŀǘƛƻƴ ŦƻǊ ǎŜǊǾƛŎŜ ŀƴŘ ǇŀǊǘǎ 
availability is an essential indicator of the long-
term viability of the system and is critically 
important in the decision to use the system.
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The system price should be fair. 

Hidden markups and other costs without 
added value should not be tolerated. 

Pricing      
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5ƻƴΩǘ ŦƻǊƎŜǘ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ Ŏƻǎǘ ƻŦ ŎŀōƭƛƴƎ 
and installation of control hardware. 

Installation Costs   
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Performance    

The system should provide all needed lighting 
control functions for both energy management 
and architectural applications.
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Obsolescence     

ÅIs the system digital, hybrid or analog? 

ÅIs it likely to be dropped when new generation 
systems are introduced? 

ÅWill future products remain backwards 
compatible?
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Sole Source vs. Multiple Source    

ÅDoes the manufacturer rely upon the products 
of other companies (e.g., ballasts)?   

ÅIs there a risk of finger pointing when things 
go wrong?
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Port and Interface to BAS   

Does the system provide a BACNET port for 
high-level management?
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Data Reporting    

Does the system provide feedback (e.g., failed 
lamps and ballasts)?
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Avoiding Hidden Costs and Pitfalls   

ÅAre there unresolved problems with 
previously installed systems?   

ÅIs commissioning predictably fast and 
accurate?  

ÅWill the company stand behind the product 
and make it right?

44
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Advanced Lighting Controls 
for Exterior Applications

Doug Oppedal, LC

Evergreen Consulting Group 
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Lighting Control System Goals

ÅControl individual fixtures or zones of fixtures
ÅTime of day programming
ÅTime of day plus occupancy over ride
ÅFlexibility for future changes in area 
ÅEase of programming
ÅMonitor and gather energy use 
ÅAccess to software or load reporting protocol 
ÅFeedback for maintenance (lamp and ballast failure)
ÅReduce lighting loads but still maintain IES light level 

recommendations
ÅSafety 
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Applications

1. Auto dealerships 

2. Retail parking lots

3. Business property parking lots

4. Parking garage

5. Street lighting

Timed on/off throughout evening hours plus photo control, 
dimming, bi-level and occupancy 

Hubbell
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What we are seeing

ÅHigher wattage projects like auto dealerships and retail parking 
lots

ÅWireless systems with advanced controls and reporting

ÅSimplistic systems without reporting and minimal programing 

ÅMost of the savings are from high-wattage projects/measures   
(HID to LED example: 1000 watt MH to 254 watt LED in retail)

ÅTypically, advanced controls are a cost-effective challenge on 
their own (controls-only project) when controlling LED or low-
wattage loads

ÅSome controls-only wireless projects have been installed 
controlling existing high -wattage loads (HID)
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Ripley Controls

Wireless Example 
Mesh Network
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More Wireless Examples

Sample features for wireless systems:
Å Operates with any outdoor LED, HID or other loads
Å Can be spaced up to 1,000 feet apart
Å Receives data and transmits commands from nodes
Å Many devices on a system (2,000 + or -)
Å Collects and stores lighting system performance data
Å Displays operating conditions, performance data and energy use
Å Accessible from a web browser
Å Allows user to establish schedulesRoam and Hubbell

In fixture module 
with C.T.

On fixture module 
with C.T.

Gateway

Access Point



E3T
Energy 

Efficiency 

Emerging TechnologiesE3T
Energy 

Efficiency 

Emerging Technologies

Wiring Diagram Example 
Varies by manufacturer

Lumewave, Inc.

This diagram represents several layers of controls
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Reporting Example

LSI/Verticus
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What does it look like?

Controller could be 
mounted in hand hole 

LSI/Verticus


