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| (L Learning Objectives

1. Understand the latest lighting control technologies

2. Learn how to reach energy and sustainability goals
through lighting management

3. Learn from case studies on how occupant satisfaction
and energy savings was achieved through lighting
controls
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===z  Why Lighting Management is
Important

| [/ + Saving energy
| |1}/ / + Reducing building operating costs

l'/] - Complying with energy codes

Wi/« Meeting sustainable design goals

' " (i.e., LEED)

 Enhancing occupant comfort and
productivity

enlighten America
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IRansE Saving Energy

Setting Standards for Excellence

Administration
19%

Repairs/
Maintenanc
23%

Cleaning

18% Energy is the largest operating
expense for commercial
buildings

Roads/Grounds/
Energy Security
30% 10%
Cooking Other
Source: U.S. EPA - 22 trillion Btu 357 trillion Btu
Vi ater Heating
52 trillion Btu

1%
Office Equipment 2%

64 million Bty 4

Space Heating

115 trillion Bt~ Lighting

1,143 trillion Btu

More site electricity is |

. . Persanal Computers
consumed for lighting than 148 trllon B
for any other end use.

Refrigeration

354 trillion Btu Total Site

Electricity
Consumption
3,037 trillion Btu

Wentilation

354 trillion Btu Cooling

397 trillion Btu

enhgten America Source: U.S. DOE 4



e Buildings are over-lighted
e Daylight is ignored
e Lights are left On

e Lights are mostly operated
at Full-On
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What's wrong here?

“Most buildings don’t deliver the right amount of light where and when it is needed. Lighting is
often set at a ‘worst case’ level, which is usually higher than desired.” -- Stephen Selkowicz LBNL
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e=swiA Reducing Operating Expenses

en

Reduce operating expenses

 Reduce energy usage and peak demand charges (i.e. energy costs)
 Reduce “churn” costs when renovating/reallocating space

e Monitoring of lighting power

Capitalize on tax deductions and utility incentives

« EPAct
« Utility Rebates (www.dsireusa.org)

Help your top line revenues

e Support higher tenant retention rates and reduce
vacancies

e Generate revenue through demand response
contracts

en America


http://www.dsireusa.org/

| = Complying with Energy Codes

Setting Standards for Excellence

Commercial State Energy Code Status
AS OF MARCH 1, 2011

/0% adoption of codes 90.1-1999 or better

B MA
W R

BCcT
N
W DE
W MD
H DC

meets or exceeds ASHRAE Standard
.90.1-200? orequivalent

meets or exceeds ASHRAE Standard
I 00.1-2004 orequivalent

meets or exceeds ASHRAE Standard
I 90.1-1999-2001 or equivalent

no statewide code or precedes
177 ASHRAE Standard 90.1-1999

state has adopted a new code to

A,
‘\ ’ be effective at a later date

ol L4
: ; , y NOTE:
Saus BCA Dedicated to the adoption, implementation, These maps reflect only
| and advancement of building energy codes mandatory statewide codes
currently in effect.

AS M PR
HGU |V
B mP

Get all the most up-to-date code status maps and other valuable resources at wwwhbcap-ocean.org

enlighten America
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====  ENergy Code — Lighting Control

R Requirements
Area control r e
Automatic lighting shut-off @:::::::ifm
- Daylight control Reddencal Butings
« Multi-level lighting / Light reduction control
« Exterior lighting control
 Manual-on control ﬂmmm‘ﬁ
« Stairwell lighting control a___— |
« Allowable increases in lighting power for using “beyond code” controls
* Plug load control (i.e. Automatic-off of task lights, and other plug loads)
en en America




| =P Meeting Sustainable Design
Goals -- LEED®

Category Credit
Sustainable Sites  Light Pollution Reduction (1 pt)
Energy & Atmosphere « Commissioning (2 pts)

* Energy Performance (1-19 pts)
 Measurement and Verification (3 pts)

Materials & Resources * Recycled Content (1-2 pts)

Indoor Environmental Quality |« Controllability of Systems (1 pt)
« Daylight & Views (2 pts)

Innovation in Design * Innovation in Design(1-4 pts)
 LEED-AP(1 pt)
Regional Priority » Varies by zip code (1-4 pts)

Lighting controls and services provide solutions that contribute
to up to 40 of the 110 possible points in LEED-NC 2009.

en en America 10
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[ T Enhancing Comfort/Productivity
from Lighting Controls

Light Right Consortium

* Occupants maintained
productivity when they had
personal control of their lighting

Heschong Mahone Studies

® Call center workers processed
calls 6-12% faster.

* Office workers performed 10-
25% better on tests of mental
function and memory recall.

memee  COccupant dimming control
of overhead direct

o= == No personal control

L‘-—-—

L™
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PERSISTENCE & VIGILANCE

* Retailer reported a maximum TIME OF DAY
O/ i .
40 /0 Increase Iin SaleS. http://imww.lightright.org/pdfs/LightQual-OWP_2003.pdf

® Students progressed 20% faster Light Right Consortium
on math tests and 26% on
reading tests.

en en America
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B4 How Lighting Control Saves Energy

1. Reduces Operat|ng hours 100FIuorescentdimming curve
(switching off) o0

2. Reduce watts used when
ights are on (dimming)
3. Reduces cooling load

4. Maximizes effective use of
sunlight
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FEESEA Lighting Management Strategies

Scheduling: Lights automatically turn off or are dimmed at
certain times of the day or based on sunrise or sunset.

Occupancy/Vacancy Sensing: Automatically turning lights off
when people vacate the space.

7am: Dim 7pm: Off }

[Occupled On| Vacant: Off

Q 75% Multi-level Lighting/Dimming: Proving users one or more light
levels than full-on and full-off.

O

Full On Dim

Q Daylight Harvesting: Automatically adjust light levels based on
the amount of daylight in the space.

[ On Preset

en en America Icons courtesy of Lutron Electronics Co., Inc.
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FEEREA Lighting Management Strategies

Q m@ High end trim/Tuning: Set target light level based on occupant

requirements in the space.
L Max: 100% Max: 80% )

~

Personal Light Control: Allow users in the space to select the
correct light levels for the desired task.

L Full On
Y . .
Q Controllable Window Shades: Allows users to control daylight for
i reduced solar heat gain and glare.

L Shade Open | Shade Closedj

v

Full On Dim

Demand Response: Reducing lighting load at times of peak
electricity pricing.

@ Plug-load Control: Automatically turning task lighting and other

plug loads off when they are not needed.
Appliance On | Appliance Off

en en America Icons courtesy of Lutron Electronics Co., Inc.
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IN=RE4& Scheduled-based Control

Setting Standards for Excellence

@v@ﬁ

7am: Dim 7pm: Off

Scheduling:

Lights automatically turn off or are dimmed at certain times
of the day or based on sunrise or sunset.

*Programmable Lighting Relay Panels

*Building Automation Systems

«Controllable Breakers

*Energy Savings Potential 10% — 35%

enlighten America 16
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. Occupancy-based Control [Q* ]

Occupancy/Vacancy Sensing:
Automatically turning lights off when people vacate the space

«Auto-On 50%/Auto-Off . " )
eManual-On/Auto-Off N . e
«Multi-level ’ =
eTechnologies w 3 e
- P i ) -
e Passive Infra-red [ 3 ‘ (
e Ultrasonic sl '

e Multi-Technology

oWired and Wireless
*Energy Savings Potential 20-80% 1

(i
(I

L

,
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R=RE4A

Setting Standards for Excellence

Occupancy Sensor Savings

enlighten America

Source: Lighting Research Center
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e Real world example — Bronners

Setting Standards for Excellence

Customer:

Bronner’'s Christmas Wonderland is one of the
world’s largest suppliers of Christmas items.

Problem:

Reduce energy consumption for lighting in
warehouse areas

Strateqy:

Occupancy sensing in warehouse area using
fixture mounted high bay occupancy sensors

Results:

At the end of the 120 day cycle, the aisles
without the sensor the lights were on for 1,267.9
hours, the aisles with the sensor were on for
123.4 hours, that is a savings of 89.73%. The
entire building has been retrofitted with
occupancy sensors

19



=== : : O
REREA Daylighting Control [ V Q]
Daylight Harvesting:

Automatically adjust light levels based on the i
amount of daylight in the space - A
Q
- .

eDaylight dimming vs. daylight switching S
+Wired or wireless il .
*Energy Savings Potential 10% to 80% u;—\ii

- . =
en en America 20




[ =7 Case Study Example
The Plaza at PPL Center

Low Energy Design Features:
« South Facade sun screening
« 3’ deep louvers at every level

* High performance solar control
glass

* Thermal control glass on north
facades

* Heat recovery ventilation

* Optimized HVAC systems with
variable speed drives

» Occupant and daylight responsive
lighting controls

* Over 30% improvement beyond
ASHRAE 90.1

enlighten America
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-—=f-"= The Plaza at PPL Center

Advanced lighting controls:

* Open plan office areas

* South & North open office areas divided into
three control zones:

* Perimeter (15 from facade)
« Middle (15-30’ from facade)
 Interior (30’ to core)

Perimeter offices, conference rooms

» Vacancy switches/sensors to switch lights
on/off

* Daylight sensor to set electric light
levels based on available daylight

MW Interior offices, copy rooms, restrooms

» Vacancy switches/sensors to switch lights
on/off

en en America
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Perimeter and Middle zones -
daylighting controls

Interior zone - On/off time clock control

22



Setting Standards

for Excellence

The Plaza at PPL Center

100,000 —
Annual Lighting Energy Consumption
90,000
100% | Typical Floor
80,000 Ir
70,000 Energy savings from
80% . ..
000 i‘ 5% individual control
%. 50,000 | 0% | Stl‘ategleS
40,000
30,000 +—— - I i
20,000 | , ! t
Timeclock +| )
10,000 local | Occupancy Daylight Combined |
controls Sensing Sensing Sensing
u | i !
450 +
400 +
Total Energy o | 2
. : 35% Total
Savings 200 | | Savings
— v
Lights E*
Equipment $ 200 |- ; |
o Heating 56 _
@ Cooling |
100 + | . + Solar ' ,
Base ‘ Control + + Lighting
50 . Design | Glass | Overhang | Controls,
enlighten America |
lighting the way to savings n ! | — - A 23
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A& Multi-level Lighting Control [ v

0on
75%
off

On Preset

|

Multi-level Lighting Control:

light levels than full-on and full-off.

en

Controlling all lamps or luminaires (i.e. dimming)

Providing users one or more

Dual switching of alternate rows of luminaires, alternate luminaires or

lamps

Switching middle lamp luminaires independently from the outer lamps
Switching or dimming each luminaire or each lamp (i.e. personal

control)
Energy savings potential: 8% to 80%
Alternating Luminaires Dimming Alternating lamps
I ..... | |¥| |. /-l |$L |.—.| ...... "—'I ...... "—'l ...... |.—.| | | |:| |_| |:|
|E_| _| '. | _|;| [ |; = |- = |.:.| [ e e =] |_|
e = e = = = e
‘\B 0 |\ ........................ \u"if?""'
_A
Dimmer Switch
en America
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it High-end Trim/Tuning [@ LY

Max: 100% Max: 80%

High end Trim/Tuning: Set target light level based on
occupant requirements in the space.

« EXisting spaces are over-illuminated.

o 20-25% reduction in lighting levels is undetectable by the
human eye.

* Lower light levels might be preferred

» The reflectance's within a space may allow for lower light
levels

* Lumen depreciation--Light sources reduce their lumen
output over time. Adjust for this by reducing light output
initially and increase it over the life of the lamp. H-.m -

« Allows for future flexibility (easier to tune lights that add or e i
remove fixtures) o

 Energy savings potential: 25%

en en America
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vk Shade Control
Setting Standards for Excellence IJ-Ij IJ]_|
Shade Open | Shade Closed

Controllable Window Shades:
Allows users to control daylight for
reduced solar heat gain and glare.

Automated or manual
*Block glare

*Preserve view
*Reduce solar heat gain

eDaytime: 10 to 30% reduction in
cooling load

*Evening: 1-3% reduction in
heating load

r—

enlighten America 06




| (=57} Personal Control

6%

Setting Standards for Excellence Fu|[ On
Personal Light Control:
; Energy used during
Allow users in the_space to savings due (0 ocoupancy — 31%
select the correct light levels for manua dimming-

Energy used
during vacancy

the desired task.

Savings due to

using room with

lights off
9%

Savings due to i

motion sensors n%g:i'gﬁzsﬁsent;

(a ummB?E'FC dim) (automatic off)
43%

Energy used for lighting based upon
10-hr lights on full scenario

NCAR Research

http://www.Irc.rpi.edu/programs/delta/pdf/DeltaSnap5.pdf

enlighten America 07
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| (L Plug Load Control [ ]

el Appliance On | Appliance O

e Extends occupancy-based or time-based control to
desktop loads

o Computer monitors
e Task lighting

e Fans

e Speakers...

enlighten America -
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Emerging
Technologies

Digital and
Wireless Lighting Controls

enlighten America
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o The Value of Digital

Setting Standards for Excellence

What is digital lighting control?

ﬁ | . a ‘. )
L m #
enlighten America 2

ligh

De-Centralized control system that
incorporates occupancy sensing, daylight
harvesting, scheduling, switching and/or
dimming of lightings, software based
programming and personal lighting
control options

Every device in every zone or network is
digitally addressable

Systems have the intelligence to make
their own control decisions

All devices are connected with low
voltage wiring |
Devices can be wired using ‘daisy chain”

instead of ‘home run” design [ Y




REREA The Value of Digital

 Benefits of Digital Lighting Control -

Easy to Design
» Topology free.

o Easily create a lighting design with various levels of lighting
control including switching, distributed dimming, occupancy
sensing, and daylight harvesting anywhere—from a single
room to an entire campus of buildings.

— Easy to Install

» All components including occupancy sensors, photocells,
relays, switches, dimmers, and controllers — are
interconnected using the same wiring throughout the entire
system using the daisy chain technique.

— Easy Energy Savings

» Cost-effectively save as much as 40% by combining
switching, distributed dimming, occupancy sensing, and
daylight harvesting energy saving technologies in one
integrated system.

() Configuration

Remaining Time Detay Countdown

en en America 23
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Reica The Value of Digital

Setting Standards for Excellence

Components in a digital lighting control system

Bus Controller

— Occupancy Sensors

— Photo Sensors

— Digital Personal Controls
Digital Ballasts

B = parETeeEg

L

enhghten America a4




R=REa Layout: Classroom System

« Topology Free Wiring I !

» No “home run” wiring | ﬂ - ﬂl
h T :
neesled_-all cor_npor,l,ents : i j&&
are “daisy chained - .
» Digital components
connected with low voltage

. 1 |'|
wiring for reduced ﬂ% l;/‘ \ .

materials and labor cost | \

= F

« Modifications and ] "'l
. g —
expansion are easy and A P 4 m
. L~ 5% f
cost effective ) (R @x'ﬂ =

- H[ ]

SOCIAL STUDIES CLAESROOM

3@ 4

en en America
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vesga Graphical User Interface Allows
~ Real Time Total Building Lighting

h Control & Monitoring @Reports | L:@.ﬁdministration

Load Shedding | ! Diagnostics

» Contral | A Coccupancy | - Daylighting |

You are viewing: | The Mew York TirmesyTower\15th Floor

[JLights on i [ | Lights

Ml Lights off
Current Selection

= ] 15th Floar

=E l{_':l Electrical Closets
Electrical Closet West

Electrical Closet South

1. Select an area from left view to contral the lights

Area Scene Area Level | Zone

|»

The currently active scene is:
Off Scene

2, Select a new scene

Electrical Closet East
Electrical Closet West Corridor
EI---:lf_:I orth Scene ISeIect a Scene j
Training 101
Apply

Traning 104]

Corridor 000
st

COpen Area Wi Ty mE AN ]

Conference Room 112 = __3 "l . J W Goto Scene 1
Conference Room 212 [ 1

Partitioned Conferance Raoms # Goto Off Scene
17] conference roorn 115 (NI [l E e b DA ST [ L R | e
[ Conference Room 118 — 4
[l Conference Room 121
Conference Room 122
Conference Room 222

-]
-]
G Corridor-000
-]

Quickly change area lighting

o

umﬁﬁﬁgﬁﬁmzmﬁﬁm

4
Interested in modifying existing scenes?

Scene Configuration |

Cpen Area W5
1] South

L] ante 129 =

g i L] puhlisher's 1 Dininn Ronm 178
'Thumbnall

% , I ] ] ] 1 1 1 1 I @l
enlighten America

j Switch to Tabular Wiew
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“We designed our building to use 1.28 watts per
square foot of lighting power...with light management
It's using only 0.39 W/sq.ft. on average — that’s
about 70% less.”

Strategy:
* Light level tuning

 Daylight harvesting

Glenn Hughes

« Occupancy sensing Director of
o Construction
e Monitoring The New York
_ Times Co.
Results:

« 70% lighting energy saved

» Over $1 per square foot per year saved

en en America 20
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feedtzs Case Study — The NYT Building

Lights dimmed Lights dimmed
Lights by 80% by 50%
off

Light control solutions
o Total light management system

— Digital dimming ballasts __: [ ea—"
— Daylight sensors S S5 —:;-_;-;:__-
— Occupancy Sensors BN

— Light management software

enlighten America a1
.......................




Feaisaid Case Study — The NYT Building

Lighting Power Density (watts per sq. ft.)

Lighting Power Usage 2009
The New York Times Building

1.400 MAXIMUM
CODE)
WATTS/SF:

1.28

1.200

1.000

0.800

—— ACTUAL
AVERAGE
0.600 MAXIMUM
0.400 ACTUAL
AVERAGE
0.200 WATTS/SF: 0.396
0.000
4 A A
FF STy ESLEE
N v 3 Y o N F NS
S ol N
< 24 < Q
P
enlighten America
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vma  \\ireless Lighting Control
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“I do not think that the wireless waves | have
discovered will have any practical application”

« Heinrich Rudolf Hertz, German
physicist

 Firstto broadcast and receive radio
waves.

« The hertz (Hz), a unit of frequency in
cycles per second, is named for him.

en en America 4
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o The Value of Wireless

en

e |t’s all about the money...

Installs in % the time of hardwired

Labor savings of up to 75% over hardwired

e 50% installed cost savings over hardwired

e |deal retrofit solution

* No damage to walls or ceilings
» Little to no disruption to operations

en America

$700 -

$600 1
$500 1~

$400

$300

$200 +
$100 1

$0 -

e

Wired

Eliminates need for dedicated control wiring, switch legs,
traveler wires and other materials

H Parts

M Lahor

m Re-Paint

® Drywall Patching

Wireless

45
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=IYES  Primary Wireless Technologies

en

/ Wave

* Residential mesh network of devices
e Battery or hardwire power

ZigBee
e  Commercial mesh network of devices
e Battery or hardwire power

EnOcean

e Commercial & Residential
e Self Powered

Proprietary systems

* Varies depending on manufacture

en America

WAVE. .\
ALLIANCE™

7

LigBee

Control your world

&>

No Wires. No Batteries. No Limits.

46
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Tt e Wireless Applications

en

Commercial Office Space
Manufacturing and Warehouse
Hospitality

Healthcare

Education

Residential Care Facility

Wireless is the ideal lighting control solution for many
retrofit applications

en America
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prrres Case Study — Wireless
Workers Compensation Fund

The Challenge:

Provide a zoned area daylight harvesting system
in all open areas of the facility that responds to
both day lighting in the space and occupancy
sensors. The challenge was that the mechanical
HVAC system installation included disc diffusers
that provide for large amounts of air to move
across the ceiling at high volume. This interfered
with the sensing capability of the uItrasonlc

large open office spaces. This issue was not i
recognized until the building was occupied by the &

owner after construction was completed.

Solution:

Wireless infrared occupancy sensors were used to
replace the hardwired ultrasonic sensors without
the need to have major rewiring done. Installation
was done in one weekend with minimal labor cost
and no disruption to the workspace.

en en America
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prres Case Study — Wireless
Bk i Workers Compensation Fund

Results:

The system functioned as required by the
design team and the owner. Using the existing
location for hardwired devices and them
pairing that with the wireless devices resulted
in minimal interruption to the owner.
Substantially reduced installation cost resulted
from the use of wireless devices. This allowed
for energy savings from both daylight
harvesting and on/off control of the facilities
lighting. The facility was awarded LEED Gold
status, up from the original LEED Silver, in
part due to the extra points for using wireless
products.

enlighten America 49
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Setting Standards for Excellence

National Electrical
Manufacturers Association

March 2011

enlighten America
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RE&GEA Lighting Systems Division

enlighten America

WwWw.nemasavesenergy.org

Your source for energy efficient,
sustainable lighting solutions.

enlighten America
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- Next Steps
Setting Standards for Excellence

Start today by going to our website
www.nemasavesenergy.org

= Ask us how we can help you

= Set up future meetings with us to drill into the
details

= Create a time line / plan to accomplish your
goals

= Execute together

en en America
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Setting Standards for Excellence

Questions?

enlighten America
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