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World of Interests in Lighting
e Smart Lighting 2015
— May 20 & 21 Berlin, Germany
— Visionary: IoT, Intelligent, Connected
— Technology: IoT, Control
— Business & Application: Residential, Professional, Smart City, VLC,
Lighting beyond illumination
e Smart Lighting 2016
— May 24 ~ 26 Milan, Italy
— Business & Application: Smart Home, Human Centric
— Technology: AC LED, Healthcare, Security, VLC
— Beyond Lighting: Protocol, Standard, Smart City
— Smart Sensing
=> Business ~ Technology ~ Beyond Lighting
=>» Sensor
9/29
L . L
of 2| A|&=ef: Ly
S| *
« A EI'XH =
- JE d=0M =Zo| ™A H7|0|H K[| F 38 % a-H|
- ZYHXSHOE HE5H 60 % =2| o|HX| B s
- ZFHO =2 orL|2t F HEMO S EdotH o HX|E O
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* Lutron government solutions, Lutron 10/29
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automatically reduces lighting loads as required to improve
critical load stability.

- ~ (o)
Q sets the maximum light level based on customer iO .3043
v o | o - - ighting
requirements in each space.
AR ZX| ~ 609
ﬂ ¢ ? turns lights on when occupants are in a space and off when f.o htiﬁOAj
Auon | heimor they vacate the space. ghting
=3 0|
Q TS [S] ~ o,
& Q dims electric lights when daylight is available to light the ES .606
Fuon oo ighting
space.
® 7HoIXof = 10 ~ 30%
o o gives occupants the ability to set the light level. Lighting
& 7E Hof 10 ~ 20%
adjusts shades to reduce glare and solar heat gain. Cooling
AlZEEH X[ Of 10 ~ 20%
provides pre-programmed changes in light levels based on Lighti
. ighting
time of day.
DR(Demand response) 30 ~ 50%

Peak Lighting

ZME Hof
automatically turns off loads after occupants leave a space.

15 ~ 50%
Non-Electronic

Bz 7% Fof
controls heating, ventilation, and air conditioning systems
through contact closure, or BACnet protocol.

* Lutron government solutions,

5~15%
HVAC

SEOULTECH

Lutron

11/29

Lighting Control Strategies Lighting Energy Savings* Lighting Control Strategies Lighting Energy Savings* Lighting Control Strategies Lighting Energy Savings*
@ﬁn o.xs::w’\lmmy O m@ Ocoupancy/Vacancy. O @m Gy O
I @) =t (@) — (3]
R — (2] e [ e—

Private office: Dimming

Warehouse: Dimming

Lighti ontrol Strategies Lighting Control Strategies Lighting Energy Savings*

T 50%

R © Lightng Conirl Srategios Lighing Energy Savings”
TR e g = ‘ 50%
(9] st

* Lutron government solutions,

(B mnsrimrone
‘:v °_v Daylight Harvesting

Restroom: Single stall

SEQULTECH

Lutron

12/29
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o LIGHTIFY

— ZigBee: wireless lighting control system

— Pro, Home

SEOULTECH

Conflguratien softears for PC?

1
i
i
i
L

WLAN

WLAN

Commlesloning appd
control app

Router

WLAN

LAM

S
Pro Gataw ey

,» LIGHTIFY Fro luminalres
-7 and components

"= LGHTIFY Homa
lurninalrez and lamps

13/29

Sfe| A|E=2E: AL Osram

SEOULTECH

ENCELIUM GreenBus II

ENCELIUM Wireless

ENCELIUM DALI

Togens PP

= = G- g —

- two-wire communication topology
for supplying data and power to the
system.

- Individual dimming control of
thousands of fixtures

- Can integrate with both analog 0-
10V dimming ballasts/LED drivers or
standard non-dimming ballasts/LED
drivers and DALI-based systems

- mesh network based on ZigBee
standards.

- Individual dimming control of
thousands of fixtures

- Can integrate with both analog 0-
10V dimming ballasts/LED drivers or
standard non-dimming ballasts/LED
drivers and DALI-based systems

- Integrates occupancy sensors,
photo sensors and relay-based
controls Into a comprehensive,
programmable lighting control
system

- Little programming effort required

14/29
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7 find out what the world needs. Then I proceed to invent it.”
— Thomas Edison

— lionting  SMant City questions answered - Hungarian survey,

One survey conducted in Hungary suggests that citizens . L
are looking for solutions that make their day-to-day lives @ Looking at the biggest problems

easier as well as improving environmental performance. g e s e ey ORIt i
P 9 & ' the main issues cited in the Energy Efficiency

research were: 0,
© =T £

of respondents prefer initiatives that
enhance the quality of urban services at the
same time as delivering ‘green’ benefits.

@ W P
@ 4 of the respondents @ When asked to identify
= considered which smart services could
8 themselves to be be delivered via intelligent ﬁ sensor-based
eco-conscious LED lighting infrastructure: assistance in
as individuals. . finding free

automatic accident parking spots
notification

mapping of electric
car charging stations

believed that their respondents
o home city is equally highlighted
@ Yetonly 20 /0 environmentally trqfﬁcjum
friendly. smart phone forecasting

e

SEOULTECH

17/29
o] AMdseh =52 GE
Intelligent Environment for Cities protocol
e Advanced lighting control
— Smarter on/off scheduling and dimming of street
lights around peak drive times
— Reducing lighting in areas where it is deemed
unnecessary
— Construction and work zone monitoring
e Parking optimization
— Directing drivers to available spaces (also reduces
emissions from idling cars)
18/29
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 Traffic optimization
— Automatic accident detection and notification

— Rerouting traffic based on current road conditions (reduces
emissions)

« Asset management
— Traffic monitoring as a planning tool for new infrastructure
— Ties into smart grid (faster response to outages and issues)

e Environmental awareness and analysis

— Train crossing monitoring

— Gunshot detection

— Emergency weather response (flashing to alert drivers to
flooded streets)
Aiding water conservation efforts by observing humidity,
temperature, moisture

SEOULTECH

19/29
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e Advanced Outdoor Lighting Solutions
e LED 101: Every Advanced Outdoor Lighting Solutions uses LED
technology. LED luminaires provide huge energy savings and are
virtually maintenance free. And when LED lamps are dimmed,
users obtain even greater energy savings, plus longer lifespan for
lamp/driver even superior to the existing 100,000 hours provided
by our lastest LED outdoor lighting fixtures.
— Different Needs, Different Degrees of Lighting
Control
. [ ] a
) A H : ilio
) ‘ ], il P O
Parks and City Crty Pedestrian Campuses Public
Recreation Streets Centers Areas Areas Projects
and
Bicycle Paths
21/29
— X I_ E —é— k . 2 | L B SEOULTECH
ofl 2] A|RI=2F: 22| Philips
Luminaire Solutions System Solutions City Solutions
; Ew = Clj>
e g
51 O o v
The basic Advanced Outdoor The median Advanced Outdoor The most powerful Advanced
Lighting Solutions, offering single, Lighting Solutions, with group Outdoor Lighting Solutions available,
plug & forget luminaire control. luminaire control capabilities. Ideal featuring complete, precise
Ideal for parking lots, residential for managing groups of light poles luminaire control using an open
streets and public areas. Simple in different areas, including parking platform. Ideal for simultaneous
programming drives energy savings | lots, residential streets and public management of multiple groups of
with minimum effort. spaces. light poles in different areas,
including parking lots,
neighborhood streets and wide-area
public spaces.
- Economical, stand-alone system with no - Affordable, turnkey system without - Advanced capabilities for large-scale
annual fees recurring fees management of outdoor lighting and other
- Factory presets or customized settings - Energy-saving combined with optimal services
(dimming times and levels) control/monitoring capabilities - Extensive energy-saving options, two-way
- Lighting benefits beyond poles with - Single-site management system including | luminaire communication and optimal
photocell usage statistics control functionalities
- Lighting control from remote locations
- Wireless versions available
22/29
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« Smart+Connected City Lighting
— Light Sensory Network

i! E 0RPOOOCO®®

= Wireless Backhaul CIM API

= Base +Video sensors

= Distributed Analytics Engine City Wi-Fi Backbone
-
A 4

City Infrastructure
Management

Upstream Fire Hose

= High-bandwidth backhaul
Sensory Data Lake

&'
Z ’,.k""‘- = Distributed city/campus-wide - -
—— i = High-bandwidth backhaul
emnmmmmm————)
= Distributed city/campus-wide

23/29

oo AMEse e dsco .

e« Use Case 1
— Lighting Control and Energy Optimization

» Use Case 2
— Public Safety and Security

e Use Case 3

— Smart Parking A New Generation
of Lights ? Are
« Use Case 4 SMART..." L

— Location Analytics

Coputers.
With SENSORS.

24/29
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e Outdoor Lighting Control (OLC)

OLC Single: Stand-alone

OLC Group LocaI

OLC Total: Central

Motion detection,
photocells and time
switches

Cabinet control for a group
of luminaires, via radio
frequency, mains or control

Remote central
management systems for
individual control and

line. monitoring, via power line

or radio frequency

25/29

ol @] A|&t=38k 29| Thorn

. Performance, Efficiency and Comfort (PEC)

25%

30""

26/29
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ERINE|

- MEED HEHEY T2

— energy.gov/eere/ssl/solid-state-lighting
— Energy Policy Act of 2005(EPACT 2005)
— Energy Independence and Security Act of 2007

(EISA 2007)

— DOE Multi Year Project Plan

— Partnerships

e Next Generation Lighting Industry Alliance
e Illuminating Engineering Society of North America
 International Association of Lighting Designers

EEEEEEEEE

28/29




World of Interests in Lighting

sssssssss

e 2016 DOE Connected Lighting Systems

W

orkshop

June 8 ~ 9 Santa Clara, CA

Communications Fundamentals Qualcomm, Intel, Cisco

Cybersecurity Fundamentals Ericsson, UL

Leading-Edge Building, Municipal Installations Vulcan, Oracle

Test Beds & Accelerating Development Pacific Northwest Nat'l Lab.
Energy Reporting & Accelerating Development gmilygrene, Alliance to
CLS & IoT  GE, Digital Lumens Save Energy
Significance of the Application Level Interoperability Cisco, Fulham
Technologies: Reducing Configuration Complexity Acuity, Cree, Stack Lab
Architected IoT Telensa, Qualcomm, IoTIUM

29/29

EEEEEEEEE

THANK YOU!

hlight@seoultech.ac.kr
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2. Minneapolis Changing KTC

= Minneapolis's Approach to LED Lighting
- £ Al 2tZ 8l Clean Energy ‘&t H&H (O HX|E & CO2 &=)
- MOA|QIM, dark sky, SlESHE &
= A2 FH FTU A
- Light Trespass/Dark Skies/Glare
. Full cutoff fixtures + new LED technology

- Reductions in light trespass and glare for pedestrians, bicyclists, and motorists
- Color Temperature ggt
il AFIOA AL ol CHSH YE I S B
- “warmer with a more yellow/orange appearance, less blue” light color

= iy XA E & Street Light Policy =2 S xi&H (Council Adopted 04/03/15)
City of Minneapolis  Prepared by the Minneapolis Public Works Department

Street Lighting Policy Approved by Minneapolis City Council
April 3,2015

2-1. Minneapolis T Changing KTC

= Approved Streetlight Poles and Fixtures

Existing Fixture Style | Existing Cutoff | New Cutoff Level
Level

Shoebox Semi cutoff Full cutoff

Modern shoebox Full cutoff Full cutoff

Teardrop with Shield | Cutoff Full cutoff

| Lantern Semi cutoff Full cutoff

Acom Non cutoff Full cutoff

Cobrahead - Xcel Semi cutoff Full cutoff
wood pole

Cobrahead LED Full cutoff Full cutoff

Shocbox. “Modern Shoebox™ Park

= Performance Standards
- Based on the IES adopted RP-8-00 report (Roadway Lighting)

Criteria Central Business | Pedestrian Areas Residential
District Areas

Foot Candles (light intensity, fc) 1.5t02.0fc 08to1.2fc 03t00.6 fc

Uniformity (contrast between 3 to I max 3 to 1 max 6 to 1 max

bright and dark spots)

Veiling Luminance (glare) 0.3 to 1 max 0.3 to 1 max 0.4 to 1 max




3. Ottawa T Changing KTC

Ottawa’s Approach to LED Lighting

- City of Ottawa Official Plan1t M3 (0|4 x| HZt 8l 2AI7tA ZH=x) (Qtl_ a

e e s N
- Night-time sky glow, Light trespass % Glare ZtA0| ==

i XFI0| A &= Right of Way Lighting Policy (2008) M|d = &2t (2016 9¥)

Right-of-Way ( RIGHT-OF-WAY LIGHTING POLICY
Lighting Policy Ottawa September 9, 2016

Performance Standards
- Based on the ANSI/ IESNA RP-8-14 Roadway Lighting and Transportation Association
of Canada (TAC) Guide for the Design of Roadway Lighting

3-1. Ottawa 1 Changing KTC

MINIMUM SELECTION CRITERIA FOR LUMINAIRES

- =0 : LM70 > 70,000 hours (@ LED PKG data)

- AR 2 & (CCT) @ 3000K to 4000K +/-

- MX|4= CRI > 65

- Dimming driver with 0-10V dimming, wireless control and monitoring
- Operating ambient temperature range of -40C to 40C or better

- LED and driver shall be IP66 rated or better

- 10 year warranty on complete luminaire and components

- Maximum luminaire weight of 25kg

- Power factor greater than 0.9

( Appendix B - Street Lighting Selection Criteria and Equipment Inventory
Ottawa September 9, 2016

Street Lighting Selection Criteria and
Equipment Inventory

57
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3-2. Ottawa ™ Changing KTC

MINIMUM SELECTION CRITERIA FOR LUMINAIRES

- Vibration tested as per ANSI C136.31-2001

- Meets salt spray testing as per ASTM B117 (@ 1000 hours)

- Fixture cooling through passive air exchange only

- CSA, RoHS and ULc listed and compliant

- Design Light Consortium listed is preferable.

- [ES LM79, LM80 and TM21 test reports available for all luminaires

( Appendix B - Street Lighting Selection Criteria and Equipment Inventory
Oﬁawa September 9, 2016

Street Lighting Selection Criteria and
Equipment Inventory

3-3. Ottawa ™ Changing KTC

APPROVED STREET LIGHTING EQUIPMENT
- Public Works Department's Street Lighting Asset Management Section

Lumen Rated

Manufacturer Series Output | Wattage DisEFiybpueﬁon C':::;g;alj;e#
Range
XSPR 1900-3750 41 1l BXSPRA-02FCU 55
XSp 3000-4800 53 Il BXSPA-02GAU 5.2
CREE XSP2 5000-9500 101 Il BXSPA-02HAU 8.1
XSpP2 7000-13000 160 1 BXSPA-02HL 6.3
LEDH\?/)AY 9000-17900 274 1 STRLWY-3MEHT2F-ULSVA40K 1.9
NXT-248 3900-3600 54 Il NXT248-05-2**-700-GY3GULXH 118
NXT-368 5700-8200 80 Il NXT368-05-2¥*-700-GY3GULXH 8.5
Il;lglsl)tliga(i\;g NXT-488 6500-11700 108 Il NXT48M-05-2#*-700-GY3GULXH 8.8
NXT-608 8000-14500 133 1 NXT60M-05-3**-700-GY3GULXH 103
NXT-728 9500-17000 158 1 NXT72M-05-3**-700-GY3GULXH 114
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4. Berkeley Changing KTC

Berkeley's Approach to LED Lighting
- Climate Action PlanZd} M&3}0] o4 X HZ 3 @A TA 2=
LED ZHo = WA XI&
- 2013 19| 32%9| o4 X|2F 900 £E9| CO2 &=
> 2015E7}X| LED 72 S DK E E8) 19% i o HX| &

mjo

Skl

pds

g =21t

ili XFI0j A Pilot Projects =34
- Marina and Telegraph LED Pilot Projects : In 2012 to 2013

7. How is the City of Berkeley paying for the LED streetlight conversion project?

Funding for this project will come from a low interest (1%) loan from the California Energy
Commission, combined with rebates from Pacific Gas & Electric (PG&E). The City will utilize the
energy savings resulting from the project to repay the loan over the next ten years. There will be
no net costs from the City’s General Fund.

8. How much will the City of Berkeley save when it upgrades to LED streetlight fixtures?
The City expects to save estimated 2.37 million kilowatt hours of energy per year, and more
than $323,000 in annual energy costs to the City.

9. What is the City doing with all of the old streetlights?
The existing High Pressure Sodium (HPS) streetlights will be removed and disassembled. All
components will be recycled or transferred to qualified environmental disposal vendors.

10. Who was the contractor for the installation?
Tanko Lighting team performed the installation. See website: www.tankolighting.com

. berkeley 3 Changing KTC
= LED Street Light Installation Plan
o e e | CITY OF BERKELEY F5SIGSRIASTLERNERSION PrOYECT
s e e e
%, — F 14 N
[ R 1-9  oerz3-orrna [ \ < T S
i me Wi AE o %
SR e—— % \ Z
B —— ,
3 B e ey
o i e Seemsdiesse i
S S e 2L >
I ——
9 208 122-132 08/13 - oW18/14 ar f
7 10 2328  133-198  om21-owzena |77 o
M ouzs - oarzerta (€ =
=
\ ey ]
. X : |
A < Tanko! ichiing

o

=
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5. SanJose 1 Changing KTC

SanJose’s Approach to LED Lighting

S oK) MY L 2MTIA UH BH X7

CITY OF

SAN JOSE

il Xl-_oﬂlgl |_|ght|ng Po||cy CAPITAL OF SILICON VALLEY

City of San José, California

COUNCIL POLICY

TITLE Public Streetlights PAGE POLICY NUMBER
10of5 4-2
EFFECTIVE DATE February 13, 1980 REVISED DATE February 15, 2011

APPROVED BY COUNCIL ACTION Council Action - 2/13/1980; 6/27/2006, Item 4.8(d),
Res. No. 73313; 2/16/2008, ltem 6.4, Res. No. 74739; 2/15/2011, ltem 6.1(c), Res. No. 75733

PURPOSE
The purpose of this policy is to help the City of San José (“City”) advance several of its
Green Vision goals, in particular the goal to replace 100 percent of the City’s streetlights

with smart, zero emission streetlights (lights powered exclusively by renewable energy)
by 2022.

11

5-1. SanJose ™ Changing KTC

General Statement of Policy

- No light source shall be directed skyward

- All light sources that produce more than 4,050 lumens shall be fully shielded
(full cutoff) to prevent light aimed skyward

- All light sources less than 4,050 lumens must be at least partially shielded

Performance standard

- [ESNA RP-33-99 Lighting for Exterior Environments

- [ESNA RP-8-00 - Standard Practice for Roadway

- IESNA DG-5-94 — Recommended Lighting for Walkways and Class 1 Bikeways

- IESNA RP-20-98 - Lighting for Parking Facilities

- CCT should fall of 3500-4300K in accordance with Public Streetlight Design Guide

- Dimming : Light Level must be reduced for a minimum of 6 hours with a 50% light
level reduction, beginning no later than 12 AM

s CBEA LED Site Lighting Specification
1 A Commercial Building Energy Alliances (CBEA) Project

Version 1.3, Released 2/15/2012

12
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5-2. SanJose Changing KTC

By the year 2022, the City of San José in tandem with its residents and businesses will
- Goal 1: Reduce Per Capita Energy Use by 50%

- Goal 2: Receive 100% of Our Electrical Power from Clean, Renewable Sources

- Goal 3: Build or Retrofit 50 Million Square Feet of Green Buildings

- Goal 4: Replace 100 Percent of Our Streetlights with Smart, Zero Emission Lighting

Smart Streetlights

Target 2022: 1009 of Streetlights

65,000 §2.000
52,000 T
39,000 —
26,000 e
13,000 . s 207 207 2.407 340p 5930 B

0r T T T T T T T T 1

2007 2008 2002 2010 20M 201z 2013 204 2022

Number of Smart Streetlights

Year

13
6. Blacktown Changing KTC
= Blacktown's Approach to LED Lighting
- Quality lighting design can highlight urban features and R ETe SR8 41, C|ty
enhance the look and feel of the city at night
- Greenhouse Gas Emissions (carbon neutral by 2025)
- Impact on Urban Wildlife (effecting biodiversity in the City)
- Light Pollution (dark night sky)
- Life Cycle Costs (installation, maintenance, usage, replacement and disposal costs)
. o EH =X D:I 7 =< Open Space Recommended Lighting Light type Luminance Timing
© E o | T Is - Light towers to provide for Sports swing ux avg Only during training
. . . . competitive sports uses on arm poles across the and game times. (off
- grounds such as training and topped with ground by 10:00pm winter
Public lighting design for
competition play floodlights_ to (except where | only — May be
open space is covered by cvats | saged | Couneirs discreton)
the Australian and New Zealand | =" | o Susiomane | poion | Maxrz | o duskun
Plan) subject to funding luminaire 11.30pm summer,
Sta nd a rd (AS/NZ 1 1 5 8) * ?\/Gaélrfgrllaﬁlly); do not light paths in Rlloo?r?lggn winter
environmentally sensitive areas or from 5am until light
) .’ river corridors.
ﬂ fo Pedestrian - Light in areas of high use or key Open Space Min P4 - Night:
paths connections between pole top Max P2 from dusk until
T ﬁ f:‘eDsc:i:zihljinz.t remote locations. Iuminaire léggpm ﬁr:rt‘g:erv
S - Do not Iight in small residential Momiﬁg:
YaRRA parks, unless no footpath on from S5am until light
street is provided.
14
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7. Edmonton Changing KTC

= Edmonton's Approach to LED Lighting
- Greenhouse Gas Emissions
- Reductions in power and maintenance cost
- 15 ®A| 2f 100,000742| 7tZ2& > 30% O X| 21%°| 2 A JtA HiE
- 13% LEDZ CHA| T & > 30% O x| & 8 6% 247t~ 25
= Energy Service Company financing option

- An accelerated five year ('13~'17) replacement program : approximately $60 million
open space is covered by Accelerated LED Street Light Conversion

SEURER RFI/RFP RFI/RFP

- Internal Delivery Model PEPARATON 220
1. Existing neighborhood renewal capital program funding.

2. Operating savings from reduced power consumption and maintenance.

3. Debt financing.
- Three delivery alternatives
1. Use of the current electrical services contractor, EPCOR Technologies.
2. Open tender to outside vendors.
3. Open tender purchase from manufacturer with installation by City forces.

62

15
7-1. Edmonton 1 Changing KTGC
= Edmonton’s LED installations
t N
- w + E
S
- 2011-2015 LED Installations
"~ B LED street lights
. CITY PROCEDURE
RN Gy e CoreoTVEORTE: e 1 2073
TITLE: Light Efficient Community Policy
16
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8. Derby i Changing KTC
. Derby's Approach to LED Lighting ¢
- Energy

- CO2 Reduction Measures : reducing CO2 emissions by 17% by 2020  Derby City Council
- Climate Change : the Climate Change Act to an 80% emissions reduction by 2050.
- Environmental Awareness : light pollution, daytime appearance and energy consumption

" Streetpride
. . . Derby City Council
= Street Lighting Design = =

- Derby City Council's Street Lighting Specification for Private Developers

- Economic and Financial pressures

BS 5489-17:2013 BS EN 13201-2:2015
—— ) CREIE
& T - o, FE R
',—-,-3“ Begi: -7 sall /11 14
~ U e Ju Ll

-y
Standards Publication

BSI Standards Publication

Code of practice for the

design of road lighting Road lighting
Part 1: Lighting of roads and public
amenity areas Part 2: Performance requirements
17
9. LA T Changing KTC
. LARGEST LED STREET LIGHT REPLACEMENT PROGRAM
(four year project with § 57 M
- Los Angeles has retrofitted 141,089 street lights with LED bulbs
- Street light : annual cost of $15 million, 110,000 tons of CO2
- Reduces energy use by 63% and CO2 emissions by 47,000 tons
=  Minimum Requirements for Testing and Evaluation of LED Equipment
- Power Factor > 0.9
_ CCT : 4000 + 275K Maximum LED Power Cor ion to Achi the desired Energy Savings
- CRI 2 65 LED roptacoment should use oss han: 531
- LED units with dimmable driver and TE0W HPS famp and balest us: 190
wireless remote monitoring desirable HED replacement should use less than: B4
200W HPS lamp and ballast uses: 240W
LED replacement should use less than: 139W
310W HPS lamp and ballast uses: 365W
LED replacement should use less than: 149W
400W HPS lamp and ballast uses: 465W
LED replacement should use less than: 195W
18
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9-1. LA T Changing KTC

LED Evaluation
- LED Evaluation Report - Phase 1 to 5 (2009~2012)

LED Equipment Rating Summary
G .ub
"*’ﬂ"‘“ Manufacturer A [[[T]
@LM79
City of Los Angeles Mandecturer & mLM80
Bureau of Street Lighting Manufacturer C [IT] OCALIPER
Manufacturer D O Energy Star
E m Build Quality
Manufacturer F @ Maintenancel/Life
LED Equipment Evaluation Manufacturer G ;Emzr::i::ffw
Pilot Pro iect - Phase 1 Manufacturer H mllluminance Uniform Ratio|
Manufacturer | mLuminance Light Level
ol rer oPower Saving
:amufadue: = @ Discomfort Glare
anufacturer aWaranty
Manufacturer L
0 100 200 300 400 500 600 700 800
Total Score
19
10. Insights Changing KTC
= Why LED ?
- Life Cycle Costs (installation, maintenance, usage, replacement and disposal costs)
- Greenhouse Gas Emissions
- Light Pollution (dark night sky)
= Standards !
- Shape of luminaire
- Performance requirement
= Evaluation !!
- Conventional lighting vs. LED lighting
- Pros and Cons
= Roadmap/ Plan/ Budget !!!
20
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Principal Engineer/ Ph.D
Lighting Division, Korea Testing Certification
e-mail. ******@ktc.re.kr

21
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EPA: Energy Star Program
cB UL/ETL: Safety Requirements

CE Marking DLC: ESOf| =&ix|X| 2i= =9 2UE
JLENEC DOE: Lighting Facts Label
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KC, KS, 11g=
PSE, CCC
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« IES LM-79-08, IES LM-80-15, IES TM-21-11 : S 0| =F &t 3]
- Lighting Facts : DOE: &

- DesignLights Consortium(DLC)

- Energy Star Program : EPASE &

- Integral LED Lamps
- Luminaires(Light Fixture)

- Safty Requirement : UL/ETL
- UL1598, UL1993, UL8750 &
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< Program Requirements for LED Lighting

< IES LM-79-08 = Energy Star?, DLC? — S0|x=sI3|(IESNA) 1
- Approved Method: Electrical and Photometric Measurements of
Solid-State Lighting Products
< IES LM-80-15 = Energy Star?, DLC? — S0O|x=™st3|(IESNA) 2
- Approved Method: Measuring Lumen Maintenance of LED Light Sources

ENEROY STAR' Program Raqimot o gl LD Lamgs Feupatne

Aomrowed teehos Bectricaland
o Solld-State Lighting.
Pty

i e 7/ C——
TP
/fail)

egrall CED Lamps V2.0
Specification for Luminaires_Vv2.0,

Ergy; Star Program| Reguirements for lnte
Jr r)fJ_Jf am’ n;‘EJ'JJf—‘J’J’J—‘IJr Hrole( b

) =

v
EX 2

Lighting Facts Label Z2H2

o|= oi{Xx|5 (Department of Energy) =

EOo= MmE mi2t AlEst LED
atof| cHsH 2Holl EAISHE M=

M=

HZE2l 42

Lighting Facts

~ lapbel 1=

Standard label

with Optional Metrics
Standard label

e o J— -
A— ‘ ilghtmg facts’
Ampamh e 806
_—
Pregran clme s, 00E Wm"ﬂw i *e
M.mmmwm :
: Lumens per Watt (Efficacy) 93
Watts —
pwmﬁmmmJﬁ .........
“w" = e be | e . pm—————— -
m gt Powse (Wats) o LWk mport K
™ on " Index (CRI) ‘LED Lumen #::moumoﬂlgm

Lumonl per

WWMMIWM

m-adqvw»nm

Measures color accuracy. %
ol eesion ' T oflct of o Gy |

remaining at a given time.
A projection ofight eutout ove: ma

+—— Correlated Color
Te ccT!

0d 0o 3
of TM-21 preyections Iot the LED

B 5 1 combiaston
¥ light source and tamperature ewU—

luminaire or lamp product

i
Measures ght color 1
L 1 Warranty
i colons have lower color Pmnpwﬂatnlnkwdtwld
IESNA LM-79-2008 - Do iy e 1
u e L vt & o oy I I
9 ¥ alows — Taun ol K mwmucwumuu
olbmrares e oitelgisooe. | el e \ J
............ | JES SN
Registration Number ——@ s wee acosmimans
Model Number M Nt TSN b
e HTASEABGHT! 200

LED Lugnen A ance Projection  95.11%
at 25000 Hougs at 25°C Ambient”
Wi v Yes

LT T T T ————p—
Acmret Aot A o Erch ot et Tosing 4 Sms it Loty
e us.

“ Based 0n TM.21 projections for the light source.
** Soe www lightingfacts.com/products for detalls.
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EX 2

FTC Consumer

Lighting Facts Label ZH2

O|=2 AutE ARl 15| (Federal Trade Commission)0lA{ medium screw base
bulb(E26/27)2| ZZX|0]| S|FR=ES = BlHIZ ESA|F =S 1_+11|(2012'-'-| 18)

- &,

- &H|XP} ERE §l=

OliL{H] &H|H|= (242}, 7|CHs=

HHE gl E_T'_ SHIZ2H M

Lighting Facts
Label &

o, AR, M2E, 2
=45} 9I5H 2

|

E3o{F
Eo‘l’“

Back Lighting Facts

Per Bulb

Front

Brightness 870 lumens

Estimated Yearly $1.57

Lighting Facts persun
I

Brightness 820 lumens

Estimated Yearly Energy Cost $7.23
Based on 3 hrs/day, 11¢/kWh
Cost depends on rates and use

Energy Cost Z
Based on 3 hrs/day, FZE7
11¢/kWh. Cost
depends on rates and use.

Brightness

Estimated

Life 5.5 years
Based on 3 hrs/day

Light Appearance

820

Energy Cost

$7.23

Life Warm Cool lumens per year
Based on 3 hrs/day 1.4 years ey L J
Light Appearance 2700 K
Warm Cool Energy Used 13 watts
(o Contains Mercury
2700 K
For more on clean up
Energy Used 60 watts

and safe disposal,

eumEEEEm

GEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEY

amsssssssEsEssssssEsssEEEsssEnEnEnEnn?

visit epa.gov/cfl.

SEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES

Containing Mercury

amsssssssssEssEsERsEssEEEEmEnEnaEnnnEs

Not Containing
Mercury

CLTTETTL
anunn

> Approved Testing Laboratories

TR T

LightLab International Allentoun,

6/4/2012-6/292017 61412012 - 61292017

912312015 - 912912016 912312015 - 9/29/2016 912312015 - 9/29/2016

6/412012 - 3/3012017 6/4/2012 - 3/3012017 6/4/2012 - 3/3012017

Laboratory, LLC

W 25 MATCHIG APPROVED LABS FOUND © Download Resuls | @ DowioadFul Lightab infemational, LLC
Lisheng Safety Laboratory W00 - 12300014 o i
LI-79: total flux LM-7¢: intensity In-situ
i and color disfribution Temperature LI Industries 528/2015-5282017  5/282015-528/2017  No
Testing Laboratory Pariner i eimetics: ~ (oionaimetics:  Measurement Test e
L-79 sections 9 and 12) LN-73 section 10) (IsTMT)* § § 11128/2011 - 1112872011 -
LTL (Leadng Testing Laboraors) 11202011 - 12302016 1,0t e
Aculty Brands Lighting Coryers Lab ~ 9/30/2011- 9i29/2016 9/30/201% - 9292016 9/8/2011 - 91472016 No
LTL Michigan 9M5R015-9290016  9/ASI2015-909I2016 9612015 - 912912016
Aculy Brands Lighing Granvile Lab ~ 42912012- 3300014 4R9I2012 - 3302014 %gggl; : No
LT Texas 8232015 9290016 8232015 92902016 812312015 - 92912016
American Testing & Assessment -
’ 11912014 - 123012013 1212014 - 12302015 11912012 - 1213012015 No Lumenira Inc 211/2013-12130/2016  2111/2013- 12/3012016  2/11/2013 - 1213012016

| . -
[—— Ll TesngSenices Iy 30206 19R013- 120206 S02009- 123006 No
D wsllom ITRI, Lighting Test & Evaluation
. 3/31/2013 - 3/3012017 3/31/2013- 3302017 No No
%htmg facts Mows  Ehogens  Raves. Approved labs  lbry. Y
= Juno Lighting, LLC 913012014 - 912912017 91302014 - 912912017 9/30/2014 - 91292017 No
Kenall Performance Labs 312912012 - 912712017 302902012 - 92712017 3/29/2012- 91812015 No
. . .
LED Lighting Facts Approved Las List T . sz e
Welcome to the LED Lighting Facts Approved Labs list. Below is a chart of Approved Lab Pariners who have submitted proof of Korea Insmvule of Lighting 02015122017 RGN B0 T 0BV - 1232017
accreditation. During the verification process, LED Lighting Facts will only accept test reports from the labs listed below. The charl Technology
outlines which tesfing accreditation or recognitions each partner has and provides a website link for more information. Please conta .KTB. (wea Tesing and Research 51015 330016 LS e SIS S0 3505 300G
kN 1710 3 v (v A
Techﬂologv No No 1042011 -1032019

1213172011 -
123012014

No

112812011 -
123012016
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Regional energy
efficiency organizations

Utility Companies

Collaboration

O ag=, MEYE, outdoor E7[F2] K2 240] et =284
© Energy Star =218 gl2=0]| gi= FS0l Cilsl] AN

© 207 B=F 4180 Cjt 7| E0| U=

© LED Rebate Program2] A2 71531

\"

DLC
DESIGNLIGHTS 2y s - Q@
sl |

< DesignLights Consortium 2} Of|L]X|2E} 813

® Joint program between
EPA and DoE that
focuses on residential
lighting

® Utility companies and
Regional energy efficiency
organizations that focuses
on commercial ligh

DesignLights™
alified Products List

ENERGY
STAR

| iz national list is private™d
and supported by regional
tilities
Covers product categories
Mot currently addressed
by ENERGY STAR

Both identify a qualified
fixture and lists its
attributes including color
temperature, light output,
luminaire efficiacy. . etc,

This national list i=
public

Covers lighting
applications that are

included in ERERGY The application process

STAR crtera

Their application
process can be found
in the DOE
Manufacturers’ Guide

Covers Commercial
and Residential
applications

Fee: Free

Both are available for corsideration
for customer incentives from utility
programs

Both require test results from
independent labs and work with 3™
parties to analyze data

Both provide specific test
results based on ESKA
approved procedures

Both can add additional lighting
categories in the

can be found on the
Dezignlights. org
website

Covers only commercial
applications

When EMERGY 5TAR adds
categores to cover
products on our list,
we will switch to using
EMERGY STAR
inztead of the QPL

for thosze products.

Fee: $800 per ficture
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um TESTING LAB REQUIREMENT

«
=)
@
u-'-

Independent Testing Lab Requirements

In situ Similar to ENERGY STAR requirements from before September 30, 2010, DLC will
Temperature accept ISTMT results from laboratories:
Measurement e Approved by OSHA as Nationally Recognized Testing Laboratories (NRTLs).
Test ® Accredited by NVLAP for the LM-79-08 test procedure.
® Recognized through UL’s Data Acceptance Program. (Referenced in the
Manufacturer’s Guide pg.7)
LM 79 Testing must be conducted at a laboratory listed in the U.S. Department of Energy’s
(DOE) LED Lighting Facts® Approved Testing Laboratories List under LM-79 sections
9, 10, and 12. Testing must be conducted within the accreditation effective and
expiration dates detailed for a given laboratory.
LM 80 DLC will accept LED package in-house testing from the LED package/array/module

manufacturer.

)
Ry

@

i |

esignLights Consortium Categories_v4.0

-
DesignLights Consortium™ Product Qualification Criteria (FINAL 6/1/2016) D E ér! NGSH) RLTII u nI.;I T s
Technical Requirements Table, V4.0
Technical Requirements: Luminaires
Requirements
General Minimum DLC Standard DLC Premium®
#| categery Application Light s . .
Output Minimum | Minimum| CCT/ | Minimum | Minimum|  ccT/ Primary Use Distribution
(Im) Efficacy |Warranty| CRI/ | Efficacy | Warranty|  CRI/
{Im/w) | (years) Lio {Im/w) [ (years) Lao/ Lo
« Qutdoor Pole/Arm-mounted Area and Roadway Luminaires
R outdoor— |00 ¢ hop w0 110 « Outdoor Pole/Arm-mounted Decorative Luminaires
Low Qutput « Outdoor Full-Cutoff Wall-mounted Area Luminaires
| « Outdoor Non-Cutoff and Semi-Cutoff Wall-mounted Area Luminaires
<5700/ =79/ |+ Bollards
2 | Outdoor | Outdoor— 5,000 o5 5 265/ 115 5 265/ | o parking Garage Luminaires
Mid Output 10,000 250,000 ¥38,000/ | ) Pump Canopy Luminaires
N 250,000
| y  Landscape/Accent Flood and Spot Luminaires
Outdoor— « Architectural Flood and Spot Luminaires
3 High 210,000 100 120 + Stairwell and Passageway Luminaires
Output * Specialty:
Interior » Wall-wash Luminaires
a Directional | 250500 65 20 » Track or Mono-point Luminaires See Primary
« Specialty: Use Zonal
+ Display Case Luminaires Lumen
Case + Horizontal Refrigerated Case Luminaires Density
° Lighting 250 Im/fe 8 =  Vertical Refrigerated Case Luminaires Requirements
<5000/ » Specialty:, in Table 4,
i‘;g‘?{f 280/ below
250,000 >36,000/ | & 2x2 Luminaires for Ambient Lighting of Interior Commercial Spaces
5| indoor Troffer 1500 100 s 125 s 250,000 |« 1x4 Luminaires for Ambient Lighting of Interior Commercial Spaces
. + 2x4 Luminaires for Ambient Lighting of Interior Commercial Spaces
+ Specialty:
inear » Direct Linear Ambient Luminaires
7 Ambront 2375 Im/ft 105 130  Linear Ambient Luminaires w/ Indirect component
|| + Specialty:
<5700/ <5700/ | + High-bay Luminaires for Commercial and Industrial Buildings
s High-Bay 25,000 105 270/ 130 270/ + Low-bay Luminaires for Commercial and Industrial Buildings
. 250,000 >36,000/ | » High-bay Aisle Luminaires
g 250,000 | o Specialty:
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Step 1:
MFR submits a
DLC
Application

DLC reviews the
application

LM-79
Integrating
Sphere Report

accurate

Verify integrating
sphere criteria for
the given
LM-80 application
ISTMT
Warranty Verify zonal lumen
density data
DLC
Application Verify LM-80
Form
ISTMT

Warranty

Step 3:
DLC approves the
application

Product appears
on the DLC Q

<+ DesignLights Consortium S5

DLC Qualified Products List Submission Form
Technical Requirements v2.1 (9/26/2013)

Submission Date

Company

Brand

Contact Name|

Address|

Phone

Fax

Emai

Application Contact

Website|

I

ot

75
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signLights Cons

Luminaire Data

‘Submitted Model Numbe:
(The model number must specify a unique product including one|
set of options and trim.)

Select the intended application for this evaluation (Category, clic|
k on the cell and pick one from the drop-down list to the right of . o R ) ) ) .
he cell) 31) Retrofit Kits for 2x2 Luminaires for Ambient Lighting of Interior Commercial Spaces

If the submitted product is appropriate for multiple categories, yo|
u must submit one application for each category.|

IApproved Housing Model Number and description of additional a| N/A
coessories used during testing|

LED drive current (A) 0.065

LED package part numbe:
(Manufacturer should use an identifier or combination of identifiel
that indicate a single LED package and this should be used col
Insistently within an application and within an LM-80 or lumen mal

jntenance report. The identifier can include a model number, pa
t number, product code, ordering code, stock number, etc.)

Rated CCT (K) 4000

If family models with higher CCTs are included, the Scaled Performance Table
(second tab) must be filled out for the submitted models.

If you w-nll_u include any t - i mily )i s
P » St st b ident Family Model Number LED package Part Number Rated CCT(K)
I The
B The tho same L
i 5000
7her CCT value than lhe submmedmodel
[3. The
mmetric wit i (e.g. If
ffor isa il
fr “family
noder” and b
y

puctfamiy iy moder”

the right, “family model”
Elistedin ist,itwill carry

hich is ir of the produ
et family.
It together with the please ex|
plin why you think e lowest
cy of the famil

2 i 's C ==
° es 10l g l —=
S signLights Consortium S=
Data Sour]
ce
Photometric and Electrical Data Page num)
[For single product applications, please follow the i the ions page. For Product Family Group application BV am Data Source ber where
s, please follow the instructions on the Product Family Group Instructions page. (Name of Attached File) |data is sh
wn in the
lattached fi
le)
Measured using LM-79| 2612.43 357LM7975T127K"°2“DM40 pd -y

Light Output (Im)

Luminous Efficacy (Im/W)

s

s

% Input Power (W) Measured using LM-79| 252 3a_LM79_BT12KI-024DM40.pd|

§ Input Voltage (V) Measured using LM-79| 120.1 v 3a_LM79_BT12KI-024DM40.pd[

g Power Factor (worst case operating mode expected at 277V for universal drivers) Measured| 0.904% unitless 3a_LM79_BT12KI-024DM40.pd]

é [Total Harmonic Distortion (worst cassealogfratrlsnjg mode expected at 277V for univer| Measured 17.6% unitless 13a_LM79_BT12KI-024DM40.pd| 4

g CCT (K) Measured using LM-79| 3865.8 K 3a_LM79_BT12KI-024DM40.pd[

E CRI Measured using LM-79| 82.2 unitless [3a_LM79_BT12KI-024DM40.pd| 4
Du Measured using LM-7¢| 0.0005 e 3a,LM79,BT12'K|-ozADM4D I

Has this product obtained safety certification?

10a_UL COC_E465118.pdf

(required for all Retrofit Kit
Light Distribution (Zonal Lumen Density zone 1 or Spacing Criteria 0-180) Measured| 124 % 2_LM79_BT1ZKI024DMA0Rd) 4
If Applicable: Light Distribution (Zonal Lumen Density zone 2 or Spacing ;:nre;;a ieasured] o ” 3a7LM7975T12fKI—DZADMAD I
If Applicable (2x2, 1x4, 2x4 Luminaires and Linear Replacement Lamps): Zon| easran 775 % 13a_LM79_BT12KI-024DM40.pd| 9
Lumen Density 0-60 f
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DLC Members
Al EVERS=URCE R,
AT RS=UF LT
& EWED = PECO.
Am;n?erqv' 22° oo on oneray- ©
FORTIS BC-
power =i
croroia s =
. f Ll
@ rucer sounp evercy
HOOSIER St cocper
ENERGY ia SaskPower
QUi 585
[ —
SRR, Sswovim

DLC Member

EVERYTHING
MATTERS

-
% DTE Energy- !-_I_I A___.
"5 DUKE e m&
<7 ENERGY.
‘ L\/lidAmerlran
efficizncy B N
§ ssgue
@ nationalgrid
L HiC SNC - SMART “"'"'m"‘;"““"’”
FUSaReY, neea

At Riamrsiine
5 [Elemic Coop

oucCE

The Reliable Onc

DLC

DESIERLIGHTS

s I

DesignLights Consortium™

Manufacturer’s Guide
September 14, 2016

Manufacturer's Guide

DLC M| =X} 7I0| & 3+
-AEM EHE

-SOlE AEA U @A
AFE 2R
-2 A X E

LC
Overview

Accepted
Categories

™

Private

LAl Labeling

4
-

Logo

Guidelines

Understanding
Testing
Principle

Application
Processes

- DLCE ME32| 23 €Rtt YRt =5

- M| =X}= DLCO| NI & S5& M52 ™,
i XIEA 2 3 E opof Cisi H=5tn
O|5igt CHEofl &350k 2.
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Product Application' Form

LM-79 Test Report

IES Photometric File

LM-80 Test Report

ISTMI Test Report

TIM=21" Projection

Product Installation Instruction
(For Retrofit kits and Replacement lamp only)

Safety Certificate

< Energy Star Program |

o= &34
(Environmental Protection Agency )

EXTERIIC]

(Department of Energy)

o ‘\\TXVG - U.S. DEPARTMENT OF
N Jointirogram ENERGY
%%L ﬁé\g

PRO

\ History /

- 19924 0|2 BAMMN £

\ ssL7fQ /

O} HEI XSt Z2YORE
AtHH|LE 7HQl0] @ THOLX] EES S5l
SFEE S8 of= O FXIILUAS

ENERGY STAR

c 2472 HEZ F0|7| 2sl X =2
HES Q™S SESIES THE Xl
olo] EA| ZE]uMoz £9!

« HAEZE U BLE0| S22 HA|

o BIEX| ZHA| S0 S 2E 2|H 2 A9
AYS TS| o LastEE 7HE
STA A - 4EM 2 2 (ccT), LU 2
FEME7|E, BB HLIIES

+ 1995 APRE AH| B FHE HHY 0
25t ®A

- =

F2 7PHNE, A8 2|, =2F717],

&R 19
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<» Energy Star 2I=

ENERGY ST.

Partner

@ll%!

Laboratory:
Accredited

Certification
Body (CB)

Laboratory:
CB Witnessed/
Supervised

EPA
ENERGY STAR

< Energy Star

L

S8t 2

_--ENERGY.STAR Process Flow Diagram
AY

ya
) PP A
EPA { Partner 1 Certification Body Laboratory Accreditation Body
1
Process and 1 . Submit
i . Submit
approve H : Submit application for application for
applications for 1 1 application for EPA recoanition EPA recognition
EPA recognition : 1 EPA recognition €
of Accreditation 1 : N
Bodies (ABs), : 1 Apply for Accredit CBs
Laboratories 1 : accreditation as Apply for and/or Labs as
(labs), and : 1 per ENERGY STAR accreditation as per ENFRGV STAR
Controlling Certification I | requirements per ENERGY STAR 'E“”"‘*';:":‘gs
Documents Bodies (CBs) 1 1 requirements {ro accre =
1 1 the AB does not
1
1 : Assess Lab neejdrEPA
Sign ENERGY STAR  |{ I i qualifications recognition, but
manufacturer % Sign ENERGYSTAR || | m:t::; nz:ﬂ‘fvﬁ
Partnership 1 fa 1 5
1 manufacturer Veri If first-party, may
Agreement 1 Partnership ! l:lair:ir:lfy EI::I;’GY participate in a
: Agreement 1 8 B CB's WMTL or
i 1 STAR partnership SMTL
1 : is a partner program.
1
1 1
1
Makgff)r{:f:luct : Have product 1
specitications 1 Certify performance
. 1 tested Test product
Product available 1 : (i.e., review Lab g P
Qualification : 1 report, witness
and Labeling Make label and 1 Label product H testing if Lab is a
labeling guidelines : according to WMTL, verify data
. 1
available : labeling guidelines 1 source)
1
1
Product Maintain online : : Report certified
Listing quaIrFie-d product : 1 products and data
lists H : to EPA
|‘ 1
U
M e PR ;}
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+ Energy Star H&Jls &=

ENERGY STAR M £ 7} =™ H|=

B Luminaires
Bl Lamps

B Integral LED Lamps
B Compact Fluorescent Lamps
Bl Decorative Light String

Hl Color Tunable Lamps

Product Installation manual

ENERGY Star Test Report

Product Specification Sheet

IES Photometric File

LM-80 Test Report LED Pkg. Specification Sheet

Warranty Document

TM=-21" Projection

NRTL Safety Certificate Label Artwork

Packaging Artwork

Product Application' Form
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- 0|3 OSHA(O| =S5 A5t 2 E ™) oA ZHiXLe] S 95 A SIZ0lA]
AIZEl= MAEEO0 CHSH NRTL(Z7ICIFAIEA) MM QIMQIESSE HIEE F
- 81Xl OSHAOIAM Z7ICIHAIEIARE K22 F0{st A|&lL&= 157H0]|H, Intertek testing
services NA (ETL), UL, CSA S0| X|Z&! NRTLE 0| F7| MIE2| Al & &2
MHI2E HIS

o) = €. - C@ZS

Intertek

+ 20| AIZ BES 918 TOOLS

<Safety> <Performance>
LM-79

LM-80

Energy Star

« CSA Lighting Facts

. F@ (‘(s-fj,)gfgm Design Lights
Consortium
P

Y (UL N Hagitig

Intertek cht§
GHTS
UM

« UL/RU: 1598, 15
98C, 8750, 1993

 ETL

ENERGY STAR

DESIGHL

e
o

81
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nergy Star/DLC
tH (UL/ETL)

Distributors

Customers -

(Wall Mart,
Home Depot S)

>

- 2l=51010F S 0|

=

o
o
S

e -
@ SMUD
rpy M )eBissn
we 'ﬂfﬁdgﬂ, we deliver ' & An EDISON INTERNATIONALY Company

<+ Rebate 87| &|&t 1= : Energy Star

Recognized Laboratory

O0|= EPAO| £2I2 dlo} SSE AIg7|2
> = AE7|20M A& El Z3HE Energy
Star3QIIE2 =2 ZIF

>CB0j dataE M=

Certification Body

Oj= EPAO
S I MEZE 715101 Al= &AL
2>EPA 0| 211

Accreditation Body

oO|= EPAO]|
S>EPAS| 0l W} AR 712 &AL
2>EPA 0f| 211

&0I4k0} Energy Star Label2

£9I1=2 40} Recognized Lab. I} CBE

LSt F11 A= /AL




< Rebate 2= : Rebate 27| ¢|et 224

LM80& B2 LED AMS

LM80: LEDS| £HS ZOIOIE 7| Z0A AIZEH MEA
=> LED X7} M=

LM79 Report

EHO| M AIHOE A ZOIIST|ZOIM AIEE MEAM
> THAMIL SLAASAIHTIZHOIM AlEi5t01 XIS

In—Situ Thermal Test

ZHAMFO0| M2 ASEl= =Z0IAM SCIAIE]7|2I0] S8t LED2E M
> Z=HYA7I SUASAIE7|20llAM ARIS10 M=

UL, ETL, CSA Si} Z2 ZOIQHHQIE J|@o R HE{9| ohoIS
> =AM ZALASTITOIM Al&s10{ 215

sS7|+: 110-277 Vac, 0-10 Vdc Dimming
718& Lamp: 110 Vac, AC Dimming

P

AILIS: Junction Box 0f H& 7l=ss8t 2=
=22|S: Photo Sensor 5}
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Energy Star Program
- Integral LED Lamp
- Luminaires

Safety
UL1598
UL 1993

LM-79-08
LM-80-08
In-situ test
DesignLights Consortium

A48, outdoor 57| 5
3774 HE

Lighting Facts Label

BE ¥z U 57|17

AlE = 28 |25 CBTL(CF)
EAEHEA| MECIS /PSE/7
INETE

CERTIFICATE OF ACCEPTANCE

BT Kores insute of ighting Techmotogy (KL

One-stop AiHi4 =z

BE AIGLQ GHHiON OHH)
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New Thinking for Lighting!
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Lighting Application & Technology

I oli2] EA BT IsY
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The only thing we know about future is that will be different
Peter Drucker
oy S
2016 118 9
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2020
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>75%

2020 LED 3 AH 8 YL

g [P AVERAGE LUMENS PERWATT
[T USSPER THOUSAND LUMENS

UUS$ PER THOUSAND LUMENS

= & & %8 8 § 8 § B B ¢8
5 2(m/w) 134 176 224 258
LED CW
I ($/kim) 13 6 2 1
S2(Imiw) 96 141 202 253
LED WW
JH24 ($/kim) 18 75 2.2 1

11¥MH3d SNIWNTIDYHIAY
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L 3,000,000
= 25,000,000
= 100,000,000

Source: KOSIS 2012 = 7/S A Z £, KICOX 2014 & Z A} =, KOPEC 2012 &8 &7

LED Z==§21 9I-iR| ==

0 =3
= |_ AR 13

e H
i 1
1 Ann drbor, US4 LED 7[R S AE AE - HUT] ALST ok 2 i
L i o e o e e . . . . . . . . . . B
1 1
| Chicago, Usa LED M2 S - A7k IR ARS2S 862 2fa ]
1 1
1 1
| Oslo, Norway 02| F =3 A2 S =R - 0[AEIEr 4 1440E B, HIEF] 4] 709 2 i
1 1
1 1
I Porand, LISA FEME DA MEES 1,000 LED ZHOZ 0| -0 S0tz oleo)| FI| Rk !
1 1
1 - - 1
1 “ason =S wHE HUT S a0 &= !
1

1 1
| Counfryidde, Yetnam CHE 2 20 AR SR HER HEH SEH 2 01E i
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Ann Arbor, USA
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| John Hieftje A/ & - 94 OFH A/
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Ann Arbor, USA

Mayor John Hieftje on Tuesday proclaimed Ann Arbor to be the first city in the
country to pledge to fit all its downtown street lights with the more efficient LED
light.

replace all 1,046 of its 120W incandescent
.................... with the 56W LED (88Z S)

LED lights.

Once completed, project officials estimate converting all its downtown lights will
save the city $100,000 a year in energy costs and reduce greenhouse gas
emissions by the equivalent of taking 400 cars off the road for a year. The LED
lights also provide better light quality for improved visibility and safety, according
to LED City, an organization of government and industry parties that is promoting
their use...
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201 2~2016 LED nghtlng market
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ADIEXRY :

Balance between Light & Darkness
Time & Space and Function & Emotion
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Lighting, large energy consumption?

19% energy consumption

80% increase by 2030

20% growth system & control

Lighting the way: Perspectives on the global lighting market, by McKinsey & Company. 2012.

Smart cities in India
' @mmm;&ﬁ

Prime Minister Narendra Modi's plan to develop 100 Smart Cities in the

CORENVFM 20 cities to be developed as Smart Cities will be announced on Thursday,
Urban Development Minister M Venkaiah Naidu said on Wednesday.
These cities will be developed to have basic infrastructure through assured water and
power supply, sanitation and solid waste management, efficient urban mobility and
public transport, IT connectivity, e-governance and citizen participation.
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Challenges for street lighting application

The three most critical problems on street lighting management

Insensitive to environment Lacks failure warning [lluminates empty streets

Smart LED Street Lighting generate

BlG Data and analysis

APPLICATION
researon M2V crivecs Mf'wa”D:'T?;Téamzﬁliiﬁﬁl
SECURITY PEOPLE CARE CAMERA
- ANALYSIS ANYTIME FILTEBING FLEXBILITY

= PATTERN

) ~STANDARD
ENERGY 9'—0 'KEY WORD UCITY

DALY GENERATION G- <P - : sRISK EXPECTATION
LR 05 " . } = B> §
IMARTER. SENSORSG -k C POFES OUTE MAPPING

ENVIRONMENT 7. NEW BUSINESS MODEL
IN = O RIMIAS IQH’ :

Ly - :
OPTIMUM TECHNOLQGY /cﬁhe LA i

HUMAN HACKING  weaATHER 0P e« CONVERGENCE
storAace  MOVEMENT  pPIN POINT MARKETING ECOLANT

RANDOM  TECHNEBOGY oo

&

ABEORT

LEASBLIGENT DEVICES
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20% brightness dimming : No Car or-Pedestrian-on.the
road e R
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100% brightness dimming : Car or Pedestriar-onthe
road e

Cumulative investment in smart and LED streetlights (including
installation value)
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Recipe for disaster? The sign is said to show the plan of the area, but many think it could lead to accidents

We are
too busy
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o 2R U3|(CE) SH2X|E 0[A} (2012~347)

o K58 LEDAIAEIEY 7|29 9 (2013~2014)
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LEDHZ 714

20114 33 2= 20124 83 0= 20134 6 0|= 20154 122 0|=

PrBSon

HAZEAE H2E?
THYE UBTHG 2UTEH 2348

18,000

EHID

W Fluorescent
mCFL

M Incandescent

16,000 1

14,000

12,000 +

:

8,000 4

Sockets (M)

6,000 -

4,000 1

2,000 4

HE BN

Residential Commecial Industrial Qutdoor

04

SIAA 070 I (HSBT-1402H/ CFL - 302 H/ B2 ST 902 /DA UFBI-10240H )

XE&EH: DOE

Pr8Son
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LEDZEZ AlZ7E (SBE0HE, X|9E)

Architectural
15.2%

Retail

Hospitality
5.3%

Industrial
2.1%

Office
8.6%

Residential
34.0%

Outdoor
19.2%

Middle East &
Africa
3.2%

Asia-Pacific
51.1%

Latin America

2.3%

N North America
22.1%

Europe
21.3%

R&2EH : FROST & SULLIVAN 2014

), |
Pf%)g@n

LEDZY M= Distribution xjd

{ LED Lighting Manufacturers

RE&H : FROST & SULLIVAN 2014
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#0422 (0]= Superior Project)

Fluorescent lamp (for meat color)

A
PrBSon

|0k (OI= LA)

Metal halide lamp Lighting height : 2.3m

‘///
1l

Lighting height : 4m
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[Before]

[After]

<POSCO Factory, China QPss>
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DLC (Design Lights Consortium)

View the full

Efficacy Level Revision History Tl

designlights.org

Category V15 V16 v2.0/2.1 V3.0/3.1 V4.0
(Sept 2010) (July 2011) (April 2013) (June 2015) Lumens/Watt
Lumens/Watt | Lumens/Watt | Lumens/Watt Lumens/Watt (Proposed)

Outdoor, All 40-56 35-70 50-80 65-75 90-100
Outdoor Area 50 60 70 Low 65 Low 90
Outdoor Fuel Pump 56 70 80 Mid 70 Mid 95
Outdoor Decorative 40 40 60 High 75 High 100

REF/Display Case 35 45 50 50 80

Interior directional 30 40 45 45 65

Troffer 55 60-65 85 85 100

Linear Ambient n/a n/a n/a 85 105

High-Bay/Low-Bay 60 70 80 80 105

Linear Replacement Lamps in n/a 75/(96) 85/(100) 85/(100) 100/(110)

fixture (bare lamp)

RZEX : Strategies in Light 2016

), |
Pf%ﬁ@n

= ME1te Fot Aot HOtS 2otet (made in Korea I E =X| 3IF)
+ MEYEE)7|E HECE S50tz

K| E0f St= Distribution Channelzt THEHE M75|2t

A% Bt 3= HE Roadmap(include Technical Roadmap)2 1562t

5k 2 9l= Unique Solutiong &L} 0|4 &te &fet

bal
el
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=
FHO| H2IHE 28otet
LT oM 7ledt HF E0s SH0| R= 7[e0 ESott
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