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= Qverview of troffers

= |nterior Lighting Campaign

= Yamaha Motor Corporation’s Lighting Study
= Questions and answers

Better

Buildings ENERGY



3

Better Buildings Challenge

Launched December 2011

Goals:

» Make commercial and industrial buildings, &
multifamily housing 20%+ more efficient in 10
years

= Save more than $80 Billion+ for US
organizations

= Create American jobs; improve energy security

= Mitigate impacts of climate change

How: | Launched 2011, Now 200+ Partners
v' Leadership Commercial, Industrial, Public, Private
v Results Represent:

v' Transparency 3+ Billion Square Feet

v Best Practice Models $2 Billion Private Financing

v" Recognition 600+ Manufacturing Plants

v' Catalyzing Action $2 Billion Federal Commitment

Better U.S. DEPARTMENT OF
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Better Buildings Challenge Partners and Allies
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Why Do Partners Join Better Buildings ?

The Big 3:

1. Access to experts, tools, and resources
2. Peer to peer learning

3. Public recognition
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Better Buildings Technical Teams

Food Service

New commercial food
service/food preparation
equipment

Plug & Process Loads
Plug-in equipment that is
unrelated to general lighting,
heating, ventilation, cooling,
and water heating

Space Conditioning
Heating, ventilation, air
conditioning, and related
sensors and controls

Lighting & Electrical
Indoor and outdoor lighting
including related sensors and
controls

Refrigeration

New refrigeration systems
and components, including
display cases, coolers and
freezers, compressor
systems, and controls

Laboratories

Laboratory facilities, with a
focus on cost-effective
measures including
operational best practices
and specifications for more
efficient equipment

Energy Management

Renewables Integration

Information Systems
Energy information systems
(EIS), equipment-specific
fault detection and diagnostic
systems, and other tools to
manage commercial building
energy use

Strateqic use of renewables
including solar PV and biogas
sytems

Better
Buildings’
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Better Buildings

= Sectors = Technology solutions

= Commercial Real = Lighting
Estate = Space Conditioning

" Hospitality = Refrigeration
* Food Service & Grocery » Plug and Process
= Healthcare Loads
= Higher Education = Food Service
= Retalil = Renewable Integration
= Multifamily = Energy Management
= |ndustrial Information Systems
= Public: K-12 = | aboratories
= Public: Government = Market solutions

Better
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How do we Decide what to Focus On?

= |Input from Better Buildings members

= The Prioritization Tool: “P-TOOL” based on the

following criteria:

= Unit savings

= National technical potential =

= Deployment readiness level =

= Stakeholder interest

= Other program efforts

= Potential manufacturing
capacity

= Cost effectiveness =

= Cost reduction potential

Better U.S. DEPARTMENT OF
Buildings ENERGY



Other Campaigns...

= Lighting Energy = Advanced Rooftop
Efficiency in Parking unit Campaign
(LEEP) (ARC)

Better

U.S. DEPARTMENT OF
Buildings’ ENERGY



Why An Interior Lighting Campaign?

Why Troffers?

= Because science (and math)
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= Represents a significant
amount of energy
consumption in buildings

* New, more energy
efficient technologies
exist

- = Some of the new
technologies offer
benefits in addition to
energy savings

EEEEEEEEEEEE



Interior Lighting by the Numbers -

Commercial Buildings

= Commercial lighting is =
2.6% of ALL primary energy
consumption in the U.S.

= Troffers = 1% of ALL energy
use

= = 20% of building energy is
lighting and troffers are =
50% of that energy

12
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Troffers by the Numbers

= Estimated 367 million troffers in the US

= =1 troffer for every 240 square feet
= =1 troffer per person in the U.S.

| &

‘ Better EEEEEEEEEEEE

@ Buildings’ EINERGY
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Troffer Efficacy

= Lighting Efficacy — how effectively a light source converts
input power into light output (lumens/\Watt [Im/\W])

= Luminaire Efficacy (LE) or Luminaire Efficacy Rating
(LER) is an energy efficiency metric for lighting
= Very similar to miles per gallon for cars

© ; :

» LER = Lamp lumens x ballast factor x fixture efficiency /
input power

14
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Fluorescent Troffer Performance

* Lensed = Direct/Indirect (basket)
" 64% - 89% fixture efficiency = 33% - 79% fixture efficiency
= =70Im/W LER = =52Im/W LER
\i_N
= Parabolic Louvers = HP Lensed (volumetric)
= 51% - 72% fixture efficiency " 67% - 91% fixture efficiency
= =57Im/W LER = =73 Im/W LER
Py

= Note:
LER calculated as average of reported fixture efficiency * lamp/ballast system efficacy of 92 Im/W
15 = LER values will vary greatly based on lamp, ballast, and optical options

Better

Buildings ENERGY



Troffer Efficacy

= Current average troffer LER = 66 Im/W
= New troffers are 85 to 120 Im/\W

= New equipment more efficient & more features

16
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Troffer Conundrum — What do | do?

s -

Fluorescent Lamps
Tubular LED (TLED)

LED retrofit kit New Fixture

17
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Troffer Conundrum
What do | do?

Option | Action Light Source Risk | Controls Energy Savings
Potential

Do nothing Fluorescent OS or dimming
w/ new ballast

2 Replace lamps  Long life fluorescent --- OS or dimming
w/ new ballast

3 Replace lamps  TLED+FL ballast on existing ee 0S 203
socket

4 Replace lamps  TLED on mains voltage in oo Yes w/ paired S0 03
existing socket controls

5 Replace lamps  TLED (hybrid) mains or oo OS orif ballast ¥t ¢t
ballast in existing socket replaced

6 Replace lamps  TLED w/ proprietary power oo Yes paired w/ 30T 0L
supply in existing socket controls

7 Retrofit Kit Fluorescent or LED oo Many options S5 08306

8 New Fixture Fluorescent or LED ° Most options S5 00 506 0k

1s OS = Occupancy Sensor

‘ Better U.S. DEPARTMENT OF

@ Buildings ENERGY



orts International

Presented at the 2015
Better Buildings Summit

New IT office space
755 2’ x 2’ troffers
68% energy savings

EEEEEEEEEEEE



MGM Resorts International

= Summary:
» Includes full dimming controls

= LED upgrade over specified
linear fluorescent fixtures

= $165 K cost ($69 K incremental)
= 125 K kWh saved annually

= 33.9% ROI

(million kWh) Ownership
1 T8 2.23 $401,691.50
2 T8 + Controls 1.56 $354,136.25
3 T8 Ext. Life 1.95 $355,353.00
4 T8 Ext. Life + Controls 1.37 $318,091.00
5 LED 1.02 $300,273.75
6 LED + Controls 0.59 $282,146.50

Buiidings ENERGY
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Additional Cost & Ancillary Benefits

= For standard AC LED
troffers: $69 of conduit
and labor per traditional
LED fixture and 1/15t of
a wired light switch

= For remote driver: $17 of
Cat5 to each fixture and

wireless switches @
1/15t of $20/ea

= Savings from remote
driver in regards to
Implementing low cost
battery back up solution

Ability to continuously
commission individual &
group spaces

Downloadable App

Ease of office
reconfiguration

Training & education
obtained by electrical
contractor

Maintenance trouble
shooting

= Occupancy data

Better
Buildings

U.S. DEPARTMENT OF
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University

Presented at the 2015
Better Buildings Summit

Carl Icahn Laboratory
815 2’ x 2’ troffers

24% energy savings
before controls factored
iInto analysis

EEEEEEEEEEEE



Princeton University

= Summary:
= Retrofit kits

= ’ |
= Labor prohibited fixture > _
replacement being cost effective |

= \Wireless sensors

= Works with larger building
control system

Equal or better lighting results

-

Mean 53.0 96.8 1.83
Max:Min 1.19 1.24

FLert LED, et LED/FL
Mean 30.4 53.5 1.76
Max:Min 1.34 1.16

LED/FL - is a comparison of the mean LED values
compared to the mean fluorescent values

U.S. DEPARTMENT OF

Better
Buildings’ ENERGY
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Interior Lighting Campaign

Organizers

= [nterior Lighting Campaign officially launched May 28, 2015 by:
= Building Owners and Managers Association (BOMA),
= U.S. Department of Energy (DOE),
= U.S. General Services Administration (GSA),
» |lluminating Engineering Society (IES), and
= [nternational Facility Management Association (IFMA)

Phase 1 awards submission deadline is May 2016
Join today at http://www.interiorlightingcampaign.org/
#IntLtgCampaign

Bett R
' Bﬁncel.rngs ¥ [lluminating " l' IFMA

EEEEEEEEEEEEEEEEEE
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http://www.interiorlightingcampaign.org/
http://www.interiorlightingcampaign.org/

Interior Lighting Campaign

Organizers

= 91 associations

= 10 billion square feet of U.S. office space
= Supporting 3.7 million jobs

= Primary source of information on building

management and operations, development,
leasing, building operating costs, and codes

€

ENGINEERING SOCIETY

» 9,000 members (manufacturers,

7 U.S. General

Services

I International G Slé\ Administration

Largest commercial real estate entity in
the U.S.

Has 1.53 million troffers under their
auspices

Supports federal agencies

\ X m
& Tlluminating 'n'.!b\ IFMA

International Facility Management Association

architects, engineers, consultants, = 134 chapters
and contractors) = 39 billion square feet of property

= 95 technical committees = Purchase U.S. $100 billion in products

= 1,000 volunteers setting standards, » Conducts research that strengthens
guidelines, and recommended facility management
practices » Provides educational courses

26
Better U.S. DEPARTMENT OF
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Interior Lighting Campaign
Goal

= 100,000 troffers either retrofit (tubes, kits, or new
fixtures) or new construction by May 2016

= = 10,000,000 square feet of lighted area

= = 5,000,000 kWh savings annually or roughly the
equivalent annual energy usage of 450 homes

= = $500,000 in savings

27
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Interior Lighting Campaign

Awards

= Campaign provides an avenue for recognition for
exemplary sites

= Awards for new construction and retrofit sites

= Awards for buildings with a few (under 25), some
(25 — 200), and many (200+) troffers

= Awards for multiple sites and innovative use of
lighting controls related to troffers

28
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Interior Lighting Campaign

Participants & Supporters

= Participants
= Entities that are end users are eligible to be participants

= Participants can be building owners, building
managements, and tenants

= Supporters

= Anyone not directly related to the operation / management
of the lighting system(s)

= Supporters are designers, engineers, architects, energy
efficiency organizations, utilities, and manufacturers

29
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Interior Lighting Campaign

Benefits & Features — Participants

» Limited technical assistance available to participants

= identifying appropriate sites for a high efficiency troffer installation or
upgrade

= properly applying specification guidelines
= completing Join or Awards applications

= Campaign website offers:
= High Efficiency Troffer Performance Specification (released April 2015)
case studies
technical reports
fact sheets
lists of available incentives

lighting project evaluator to estimate potential savings by comparing
different lighting equipment and controls

= Recognition and possible award(s)

30
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Interior Lighting Campaign

Resources

Specifications Lighting Project Evaluator

! Better The Lighting Project Evaluator allows you to estimate the energy savings of a new lighting system
"‘ Buildings against a specified energy code. This tool can also compare proposed lighting upgrades to your
Re p orts existing conditions.
This tool is the preferred method of data submission for the , which is a
E A L = P E R Fa Ct S h eets great place to go for troffer-specific lighting resources and to receive awards and recognition for
1 implementing an energy saving lighting system using high-efficiency troffers and controls.
. . o Exploratory Study:
High Efficiency Troffer Recessed Troffer Lighting
Performance Specification T ]
SOUID-STATE UIGHTING TECHNOLOGY FACT SHET Don't have an account? Sign up now!
Version: 5.0 =t \
password
Forgotten your password?
Energy Estimator to compare
against code
ENERGY
Technical
Assistance : ' H
*JENERGY (|Im|ted) & « AT it ihvstined g
. SLRRLEERRRRR R S R §

Standard Measurement and D I RE « NC CLEAN EN ERGY McCarty St.
Verification Plan for Lighting ‘;} TECHNOLOGY CENTER

Retrofit Projects for Buildings and
Building Sites

— Indoor Lighting - Troffers (incl retrofit kits), Controls
. neD e ]
| a
h t PPL Electric PA Controls Occupancy $
Coxtertinz
I g I n PPL Electric PA Fluorescent High Perforn
g fa c B@ PPL Electric PA LED High Perforn
Pacific Northwest
M&V guidance

A Program of the LS, DOE List of utility incentives

31
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Interior Lighting Campaign

5. BEPARTMENT OF

ENERG

PBetter
4 Buildings INTERIOR LIGHTING CAMPAIGN

in ILC

What is the Interior Lighting Campaign?

The Interior Lighting C ign (ILC) is a r ition and gui program i to help facility owners and managers take EVENTS
advantage of savings opportunities from high efficiency interior lighting solutions. The initial campaign focus will be on troffer lighting,

with a goal of replacing or newly installing 100,000 standard troffers with high efficiency troffer solutions by May 2016. Campaign organizers,
Building Owners and Managers Association International (BOMA), llluminating Engineering Society of Morth America (IES), the International Summit
Facility Management Association (IFMA), and the U.S. Department of Energy (DOE) serve on the ILC Organizing Committee

Official Launch — 2015 Befter Buildings

Save Energy and Money in Troffer Lighting:
What are the benefits of joining the ILC? Join the Interior Lighting Campaign

" o - WEBINAR. June 24, 2015. Reqister Today!
« By adopting more efficient troffer lighting, such as systems that meet the Better Buildings Alliance specification for troffers, building

owners can save up to 0% on a one-for-one basis, and up to 75% with the use of controls.
+ Resources available from the ILC include specifications, case studies, utility incentive lists, and educational webinars to help building
owners make sound lighting decisions. JUST RELEASED!
+ Limited technical assistance from the U.S. Department of Energy is available to site owners and managers who sign up.
« Sites that join the ILC will be recognized on the ILC web site, and those that show exemplary performance will be eligible for awards.
« Organizations that don't directly own or operate facilities but support the goals of the ILC can join as Supporters, and receive
recognition for their involvement.

High Efficiency Troffer Performance
Specification

How de | getinvolved in the ILC?

Join the ILC as either a Participant (e.g., site awner, manager, or operatar) or a Supporter (e.g., utility, energy efficiency organization, ESCO, lighting designeriengineer, lighting manufacturer or
distributor or other organization that supports the ILC goals).

Related Efforts

Through the Better Buildings Alliance, members in different market sectors work with the U.S. Department of Energy's exceptional network of research and technical experts to develop and
deploy innovative, cost-effective, energy-saving solutions that lead to better technologies, more profitable businesses, and better buildings in which we work, shop, eat, stay, and learn. Visit the
Better Buildings Alliance Lighting and Electrical Technology Solutions Team web site to learn more.

If you are also interested in high efficiency exterior lighting, visit the Lighting Energy Efficiency in Parking (LEEP} Campaign

Read more about saving energy with advanced lighting, and explore the innovative solutions being shared by Better Buildings partners in the Better Buildings Solution Center.

W
BOMA

— nternational

IFMA  QBihdihes

ey tspeman st
Home | U.S. Depariment of Energv | Contact Us | Web Site Policies | FOIA | Mo Fearad | usagoy
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Interior Lighting Campaign

ARTMENT OF Energy Efficiency

EN E RGY Re Enen

# Better
@ Buildings’

INTERIOR LIGHTING CAMPAIGN

About ILC -

Home w» Join ILC » Join the Interior Lighting Campaign

Join the Interior Lighting Campaign

L Resource L v

Building owners, operators, and managers who are interested in using energy efficient troffer lighting solutions to minimize energy usage and reduce operating costs may join the campaign
to receive free guidance and recognition. The ILC offers free access to tools and expertise that will aid in lowering energy costs through the thoughtful design of new construction, and through
lighting retrofits in existing buildings. By joining, participants and supporters gain unique access to the technical experise ofthe U.5. Department of Energy, and they have the opportunity to

gain recognition for their lighting efficiency achievements.

Participants

Organizations including building owners, operators, and managers who formally join the
campaign as participants will be provided with resources and technical assistance to
assistthem with lowering their troffer lighting energy use. Participants who achieve
exceptional energy savings and fill out an Awards Submission Form will be eligible for
recognition for their achievements at the ILC Awards Ceremony (dateflocation to be set).
View the list of Paicipants.

Join as a Participant!

v
Y

I |nternational [

luminati

INEERING SOCIETY

Supporters

Supporting partners include utilities, manufacturers, energy efficiency organizations,
lighting designers, and ESCOs who support the ILC goals and formally join the campaign.
These organizations share information about their high efficiency troffer products and
senices, and also encourage their customers to join the campaign as participants. View
the list of Supporers.

Join as a Supporter!

@ IFMA QBaiiSings

B e e L]

Home | U.5. Depariment of Energy | Gontact Us | Web Site Policies | FOIA | No FearAdt | USAgov
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Interior Lighting Campaign

Benefits & Features — Supporters

= Be recognized on the ILC website Supporter page
= Show your organization supports the campaign goals
= Includes link to your web site

= Share ILC resources with your customers

= Help convince customers that high efficiency troffer lighting solutions are
viable now

= Ulilities can leverage ILC resources as part of their troffer lighting
incentive initiatives

= Lighting project evaluator can help you estimate potential savings
= Help your customers gain recognition for their troffer
projects
= Your role in the project will be recognized if an award is received
= Work with ILC Organizers on a customized outreach
strategy

34
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Interior Lighting Campaign

Founding Supporters

Cape Light :‘!!!"5!5!‘; -m

powering lives FIaI]k]Jl]*n()“ r\
Experience. Delivery. Results
netZer0usa & I\/IEEA -

FOR INDUSTRY

Midwest Energy Efficiency Allian

The Source O Energy Efciency N
. Hawaii Energy SMUD

YOUR CONSERVATION & EFFICIENCY PROGRAM —_—_— Tue

6 UNIVERSITY y o

. 2 £INANCING
Pacific Gas and OUNDATION, INC. S W E E P
Electric Company SOUTHWEST ENERGY

nbl new buildings E F R /_/‘/\
institute EfflClency Vermont

SIEUSRIN §L8RIN\IJ ! [PepCco GEORGPIg ‘ﬂﬁ n e ea

Energy for a changing world.™
ergy for a changing world A SOUTHERN COMPANY
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Facility Overview

Cypress, California

= Yamaha Motor Corporation
= Corporate Offices — United States
= 350 Employees

= 278,000 Square feet

= Multi-Function Facility
= Corporate Division — Motorcycle Operations
= Yamaha Finance
= New Business Planning

Research & Development

= Accessories Distribution

Better

Buildings’ ENERGY



Lighting Challenges

= Energy

= Replacement
= Costs

= Age of troffers

Better U.S. DEPARTMENT OF
Buildings’ ENERGY



Lighting Particulars

= Quantity of troffers

= Quantity of lamps

= Lighting quality

= Lighting applications

Better

Buildings ENERGY



= Typical Office Layout
= 2" X 4’ Troffers
= Note Glazing
= Opportunity
for LED & controls

Better

Buildings’ ENERGY



Offices Part |

No Task Lighting
= Work Disruption
2’ X 4’ Troffers

= QOpportunities

Better U.S. DEPARTMENT OF
Buildings’ ENERGY



Hallways

= Way-finding vs. task

= Optimal for
Daylight Harvesting

= Changeto2lamp &
Fixtures

= Photometrics

Better

U.S. DEPARTMENT OF
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Stairwells

= Only Need Accent
Lighting
= Originally T12 lamps

Better

U.S. DEPARTMENT OF
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Warehouse- High Bay

= Time Consuming
= Ballasts & Lamps
= Scissor Lift

= Fork Lift w/Cage
= Two Person Job

Better

U.S. DEPARTMENT OF
Buildings’ ENERGY



High Bay Part Il

= Fixtures over racks
= |naccessible
= Age of fixtures

Better U.S. DEPARTMENT OF
Buildings’ ENERGY



Retrofit Rationale

= Energy Efficiency

= Lamp life

= Lighting Quality

= Control of Energy Usage

= Minimize replacement needs

Better

Buildings ENERGY



Retrofit Options

= LED

= Lamp for Lamp

= Retrofit Kit

= Troffer Replacement

Better

Buildings ENERGY



Defunct Troffers

HET Wl '¥1

X
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Cost of Energy

# of # lamps / | Input power | Operating Cost of
troffers troffer [ troffer hours /year | Energy

Fluorescent 3,201 2.45 1TW 2,080 hours  $56,894
LED 3,201 2.45 47 W 2,080 hours  $37,275
Assumptions:

» 34% energy savings

= $0.12 / kWh

= No controls

= Considering 19 W LED lamp options
= $6.13 saved / troffer

= Total savings: $19,619
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