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Before we begin...
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During the Webinar
e Attendees will be muted
e Please use the chat feature in the

control panel to submit questions to
LDL staff

e The presenter will pause to address
guestions every ~12 minutes

& Please participate in the online poII5/
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Following the Webinar

e Please take the short survey

e Arecording and the slide deck will be
posted on LDL’s webpage

e Reach outto
LightingDesignLab@seattle.gov with
comments or questions.
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Who We Work With

End-Use
Customers

Trade
Allies

Design
Allies
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It takes a village...
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Since 1995 Eric Strandberg LC, has been
one of the lighting specialists at the
Lighting Design Lab promoting energy
efficiency and quality lighting design. With
a passion for “all things lighting”, he has
over 30 years in the lighting industry. This
work encompasses almost every aspect of
lighting design and conservation including;
developing and presenting classes, writing
articles, technology evaluation and project
consultation.

eric@lightingdesignlab.com
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What are we doing today?

Overview of the procedures and
issues around doing a lighting
audit.

Look at some of the common
retrofit options available and what
to be aware of.

Introduce the advantages of
Luminaire Level Lighting Controls
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Pop Quiz- How many of you:

= Have done lots of audits and
retrofits.

= Do lighting but want to know
more about existing buildings.

= Are a contractor and want to
know more about lighting.

= Are new to the field and want to
know about every aspect.

* Thought this was a cooking class.
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Determine project goals and motivations

= Dollar savings- Cut O&M costs
= Energy savings- Be green (LEED-EB)

*  Productivity enhancement- Avoid
disruption

X ul- SN REVE ] “’“

——

STATES OF ;wq

= Improved lighting- Bad
quantity/quality

= Timing- Aging system
= Code triggered- Building remodel
= All of the above?
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Is everyone on the same page?

What is the priority?
Owner- Low long-term costs
Tenant- “"Green” status
Engineer- Maximize EE
Contractor- Lowest first cost

Facility operator- Low
maintenance

Users- Quality lighting
Architect- Appearance

Hopefully everyone gets
what they want.
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Do a preliminary survey

What are the easy targets

What is the percentage of
lighting and energy impacted

What are the challenging areas

What is the percentage of
lighting and energy impacted

Is the goal to change all of the
lighting regardless.

Is a detailed audit warranted.

Always ask: How do you
like the existing lighting?
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Is this building a good candidate for a retrofit?
-Clues to determining feasibility.

= Cost-Effective:

= Facility has long hrs. of operation.

= Lighting system is more than 20 years old.

= Electric Utility has high demand and/or energy
rates.

= Utility actively practices DSM, offers rebates.
= Facility has higher light levels than required.

= Presence of non-dimmed incandescent lamps.

= QOther energy saving opportunities: :
Sidebar: How much is the client

" Unrealized daylighting actually paying for lighting?
= Controls deployment Do they know?
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Clues to determining feasibility

= NOT Cost-Effective:
» Facility has short hrs. of operation

» Facility exceeds existing efficiency
requirements

= e.g. ASHRAE 90.1, I[ECC

» Facility pays little for energy and/or peak
demand

= Facility is not eligible for rebates or
Incentives

* Facility has undergone recent retrofit. Is it already a Green Building?
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Which is likely more cost effective?

= A community center gymnasium or
a pro sports stadium

= Atheaterora library

= A big box store or a warehouse

* An office building lobby or a hotel
lobby
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If warranted, a detailed audit may be in order

= Do a plan survey
» Identify similar spaces
= Review electrical circuiting

=  Check current recommended
light levels and lighting
guides

= Local codes
= Building standards

= JES recommendations
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Document the existing conditions

=  What you'll need: —

= Light meter
= Measuring tape- Laser*
= Notebook and/or tablet
= Tape recorder w/ transcription app
= Camera w/ zoom and wide angle
= Binoculars
= Personal Protection Equipment-

= Ear plugs, hard hat, goggles vest
= Counter
= Form(s)- (utility)

* Not always useful for exterior day
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Document lighting systems

Illuminance levels — existing.

Luminaires - types, placement,
mounting™®.

Lamps - type, color, wattage.
Ballasts - type, voltage.
Daylighting conditions.

Luminaires already retrofitted,
modified, are they consistent
w/ as builts?

Lighting controls - occupancy
sensors, timer switches,
photocells, etc.

*Same fixture

reflectances. i '
Room reflectances different mounting?
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Additional Survey tips

What is the condition of the
existing lighting.

Are there any controls in use.
= Is lighting on during “off” hours.
» Is lighting off during “on” hours.
Building conditions
» Ceiling type
= Access to plenum
Daylight opportunities
Reflectance of interior surfaces.

What is in the maintenance
closet...
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Pop Quiz- Which of the following suggest that
a retrofit is likely to be cost effective:

The facility has long hours of operation.

The measured light levels are higher than
recommended practice.

A community theatre stage has 50+ 500
watt lights.

A hospital parking garage with 30 year
old lights.

The customer is going for LEED EB
certification.

v
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Document existing lighting- Light levels (LL)

What is proposed

What is this based on

What is Recommended
What is that based on

Are the LL's consistent
throughout the space

Are users happy with the LL
What do you think

FOOTCANDLE LIGHT GUIDE

Footcandles are the most common unit of measure used by lighting professionals to calculate light levels in businesses and cutdoor
spaces. A footcandle is defined as the illuminance on a one square feot surface from a uniform source of light. The llluminating
Engineering Society (IES) recommends the following footcandle levels to ensure adequate illumination and safety for

occupants. Balow is 2 guideline for commaon areas to assist in achieving appropriate light levels with the greatest energy-efficiancy.

Building Area & Task Average Range of Average Range of Comments
Maintained Maintained Maintained Maintained
Footcandles Footcandles Footcandles Footcandles
(Horizantal) (FC) (Horizontal) (FC) (Vertical) (FC} (vertical) (FC)
WAREHOUSIMNG & STORAGE
Bulky ltems—Large Labels 10 5
small tems—35mall Labels 30 15
Cold Storage 20 10-30 0 E-15
Open Warehouse 20 10-30
Warehouse witisles 20 10-30 10 5-15
COMMERCIAL OFFICE
Open Office 40 30-50 @307 Above Finished
Flaor (AFF)
Private Office 40 30-50 @307 AFF
Conference Room 30 Maitte surface reflectance
for the table 405
recommended
Restroom 18 15-30
Lunch & Break Room 15 5-30




Document existing lighting- Luminaires

= A decent zoom can save a lot of time
tracking down as-builts or ladders.

Better camera zoomed (top)
Detail enlarged (below)

Phone pictures not
useful for detail

Elighting design lab




Document existing lighting- Luminaires

A decent zoom can save a lot
of time tracking down as-builts
or ladders.

T

4
e
-

70 watt

The client was “pretty sure” they
had 100-watt lamps.

This difference will be a factor in
project viability.
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Document existing lighting- Luminaires- Distribution

Direct Luminaires

The direct luminaire is a
light fixture in which 90
to 100% of the light is
directed down to the
task surface.

>/, Series

—

RSA LIGHTINGA
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Document existing lighting- Luminaires- Distribution

Indirect Luminaires

The Indirect luminaire or
"uplight” is a light fixture in
which 90 to 100% of the light
is directed upward away from
the task surface.

?Ilghtlng design

lab



Document existing lighting- Luminaires- Distribution

Direct-Indirect / Indirect-Direct

This type of luminaire is a
light fixture in which a
high % of light goes up,
and a high % goes down.
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Document existing lighting- Luminaires

What type

What condition are they in
What is the mounting

What is the light distribution

What is being proposed
= w
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Audit of fixtures- Overall condition of components

= Sockets

= Fasteners
= Wiring

= |lens

= Ballast age

Is there superficial
dirt, or is it damage
(rust, breakage,
ruined gaskets, etc.)
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Document existing lighting- Ballasts

What type
Condition
Consistency

Location

Disposal issues

-

GROUND BALLAST CASE UNIVERSAL m-l_)" Cot.No.413-C-TC-P

THERM-O-MATIC 120 v

- olts
RAPID START BALLAST %0 Lo
FOR ONE F4OW or F30W Line: 0,85 Amg.

L\ fAleneara sasr T12 RS LAMP UNIVERSAL MFG. CORP,
T TIRE] PATERSON, M, J,

Mot lomp Tthin 1 af "

'Sro-:w-;'rd n:b:hn.n:;.w Seend Rated: i MADE IN U.S.A.

AGTOMATIC EELITTING
FuiiMAl PROTICTON

B432IUNVHP-A [
Triad' |4

B2 @ 2 B
oy

T GBIBE 1TIE} o

%
=
-
=
=
[
2
7]

A typical Non-PCB containing fluorescent light ballast. The ballast has a "No PCBs"
marking on the top of the ballast and the text "electronic ballast". Only magnetic fluorescent
light ballasts contained PCBs.

Elighting design lab



Document existing lighting system- Ballasts

Sometimes you just have to open a lot of fixtures.

All in one
part of one
building!

2Lamp NBF

2Lamp LBF

3Lamp NBF |
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Document existing lighting system- Controls
What kinds of controls?

- On/Off switches

-  Manual dimmers

- Occupancy sensors
- Daylight sensors

- Time clocks

- No local controls!
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Document existing lighting system- Daylight

= Look for
opportunities
for an easy win.
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Document existing lighting system- Room surfaces

Mitigate brightness ratio of luminaires,
control contrast of tasks and background
and, add to higher light levels.
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An important part of a lighting design should be existing
or proposed surface conditions

Same lighting on each
floor, but with a different
surface reflectance
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Effect of surface reflectance on light delivered in the space

I Surface Average FC Maximum Minimum Max to Min

Reflectance . Ratio

85/75/56 High @ 82.7 115 7:1
70/50/20 Med 35.0 61.1 5.4 11:1
35/25/11 Low__ [(23.4) 43.7 2.1 21:1

This isn’t just “Interior Design” stuff!
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Note the dark
surfaces
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Light surfaces compound benefits

= More light for less energy
= | ower contrast ratios

= Better visual performance
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Light surfaces compound benefits

For any kind of space

|"|.E"'
----
fnin s B
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Estimating room reflectance - how to do it.

Or you can look it up if

Take light level reading on the
you know which paint.

wall.

Hold meter about a foot out
from the wall and meter toward
the wall.

SW 6112

FMNT13 _j LRV 74

The % difference is the amount

TR
\
I

Of Iig ht absorbed. }memdi\;v(:?;;i 4 ;nlemch've Cream SW 6113
Example: 80 fc incident, on wall M) IRV63
20 fc reflected off wall L SHETES

FNTES (] LRV 50

SW 6114

= (20-80=60)/80=.75 e 1
.75 x 100= 75% absorbed
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When is the best time to audit exterior lighting

During the night?

During the day?
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When is the best time to audit exterior lighting

During the night?

During the day?
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During the night?

During the day?
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More advanced site analysis tools

* Luminance meter
» Dataloggers

= Spectrometer |
» Flicker checker

UPRtek

= Thermal imager

= UV meter

=  GoPro? A
Il FLICKER

If people are
complaining
about the
lighting, Why?
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Light Quantity:

How much light do we need?

OCT 1939-Nela Park

200 footcandles of “diffused light” —

twenty-five to fifty times as much
illumination as many office people
attempt to see by* -- aided this group
when it met recently in the "round table
room" of General Electric Institute at
Nela Park, Cleveland.

Making possible indoors this newest
challenge to seeing conditions as found
outdoors is the experimental fluorescent
fixture shown here on the ceiling.

*8to4fc?




nght Ievel recommendations LEVELS OF ILLUMINATION (INTERIOR) 9-87

th . Continuved
5t Ed., circa-1972 - e——
on on Tosks™
Officen
Drafting rooms

Detailed drafting and designing, eartog-
raphy . ... 2001 220+
HRough layout drafting. .. _............. 150% 160+

Accounting offices
Auditing, tabulating, bookkeeping,
business machine operation, com-
puter operation.................. L1507 1607
General offices
Heading poor reproductions, business
machine operation, computer
operation. ........... ... ..., 150% 160+
Reading handwriting in hard pencil or
on poor paper, reading fair repro-
ductions, active filing, mail sort-
IO e 1004 1107
Reading handwriting in ink or medium
pencil on good quality paper, in-
termittent filing .. ..... .. ....... 701 75t
FPrivate offices
Reading poor reproductions, business
machine operation. . ... .. ____ ... 1507 16801
Reading handwriting in hard pencil or
on poor paper, reading fair repro-

ductions. . . ... e 1007 1104
Reading handwriting in ink or medium

pencil on good quality paper..... 701 75t
Reading high contrast or well-printed

materials_ .. ... ... ... ... ... ..... 30% Fat
Conferring and interviewing. ... ...... 30 33

Conference rooms

* Minimura on the task at any time for young adults with normal and better than 20/30 corrected vision. For general notes see beginning of tabulation.
For other notes see end of tabulation.
£ Dekalux iz an 81 unit equal to 1,076 footeandles. 1 dekalux = 10 lux.




Light level recommendations 10t Ed., circa-2012 — Reading Detail

Table 32.2 | Office Facilities llluminance Recommendations continued from previous page

Recommended Maintained llluminance Targets [lux)™ =

Haorizontal (E,) Targets Vertical (E,} Targets
Visual Ages of Observers (years) Visual Ages of Observers (years)
weher: at least half are whern at least half are
Applications and Tasks" Notes =25 15-65 =63 =25 25-65 =65
Calegory Gauge Colegory Gauge
v w i
Sre READING AND WERITING, sstablish tasks and normalize ta illuminanoes of most important task or mas micn task; o
OFFICES controls to provide iiltmnnd;uu variability if tasks so -:Ie-n'-anc:. r T e
PARKING See 26 | LIGHTING FOR EXTERICRS
INluminating Engineering Society
PEDESTRIAN WAYS Seer 26 | LIGHTING FOR EXTERICRS THE LIGHTIN BOOK
READING AND WRITING Tenth Edition | Reference and Application
= Computer Lee READHMG AND WRITIMGADT Screen and Keyboaid .
NS iEa Baies ok it il ._._.__.._..___.-_..:.....-...... i - |
= Electronic Ink Devices Ey, and E, @height of device P 150 300 GO0 Avg M 75 150 300 Avg
= LCD or LED Devices E,, and E, @height of device M 75 150 N0 A K 25 50 100 A
= Facsimile
= Analog E, @2 & AFF; E, 4' AFF R 250 500 1000 Avg M 50 100 200 Avg
= Digital E, &2 6" AFF; E, &4 AFF P 150 300k GO0 Avg L irs 75 150 Awg
= Handwritten Work Based an I'.a.ir-:a—gna-d penmanship/hand print on white or canary paper py F
T B BRI
+ Graphite/HB E;, @2' 6" AFF: E, @4° AFF P 150 3001 a00 Awg L E 75 150 Awvg | B o T
* Red E,, @2 6" AFF: E, @4 AFF R 250 5040 1000 Avg M 50 100 200 Avg
= Ballpoint/Rollerpaint/Felt-tip '
- Black E. @2 6" AFF; ., (d" AFFL P 150 f 300  e0n  Avg L 375 75 150 Avg
- Red, Green, Blue E, @2' 6" AFF; E, @4' AFF! 9] 200 400 800 Avg L 75 75 150 Avg
= Laptop See READING AND WRITING/VDT Screen and Keyboard -
David L. DILaura
* Microforms (Projected) L 375 75 150 Avg I 15 30 60 Avg ' K W er
= Print Meadia 2 IﬂTnlinn-presi-qeneratEd.white paper = Richard G. Mistrick
= G-pt Font 3 Gary R. steffy
- Matte paper and ink E, @2 6" AFF: E, @4' AFF R 250 500 1000 Avg L 37.5 75 150 Awvg B
- Specular paper and ink En @2° 6" AFF; E, @4' AFF! fi 250 500 1000 Avg L 375 |98 150 Ava
= 8- and 10-pt Font ey S =— V=
= Matte paper and ink E, @2 6" AFF: E, @' AFF P 150 300 GO Avg K 25 S0 100 Awvg .
* Spacular paper and ink E, @2 6% AFF: E, @' AFH P 150 300 600 Avg K 25 S0 100 Avg
= 12-pt Font =
* Matte paper and ink E, @2 6" AFF; E, @4’ AFF ; o 10K 200 400 Avg L 25 _SEoe UL ]

- Specular paper and Ink E, @02 6 AFF; E, s0' AFF Q 100 200 400 Awvg K 25 S50 100 Awg




How much light wi

II'T get?

What is the efficacy?

(A L/THONIA LIGHTING

LED Damp Rated High Bay

JCBL

9000, 12000, 15000, 18000,
24000, or 30000 lumens

@ @@%

o %
Appnt

C.E.C.
TITLE

20

EOMPLIANT

JCBL LED Damp Rated High Bay

OPERATIONAL DATA.

Deltversd | Dolvorad | Dofivarsd | Dolwared | Dolivorsd | Duliwvercd | Dofiwrad | Delivored
paciage | Wats | rating 000 (LT, | 350000CT, | s00BCCT, | So00i CCT, | svosk CT | ssemicrT, | spok T, | sooncrT
oI TR B ol f ] (o] fon] =0
DAL BT 5 T M T s EE 25505
DAIRS e M ¥ m 4m Y Hm
SAE =51 251H T EE 1590 BT 25753
. AR TTTEL 2858 b Wi 1w Irsm IEWS
oolM | e :I-".\J:‘I?E AR TEd 28251 ABE por 15 Py Frrar]
MIR ITESY 82 bl i IT0ES Irsa IETE
MIFS TEEIE men B T 16156 Bard mea
PR 5 wn 1 TS m B 15750
PLRH TR 531 EE o 13985 28851 ET
DALE TR IRM? Tlam 190 15888 AGTS 36N
[ 19508 51 HSIE k) B850 A 1568
SALR TR M TIET e i 20858 J0Es3
AR IHED [ nra i) 1B prr ) 1368
200l 12 AIFR 13353 513 ) 11368 pr ) el LL 5
NIR 13551 TE T 55 P} Tk e TS Lt 1574
KRN T1Em e XET me 1M ol e TTES IR 13108
AR TS s TS 0om 2041 JDESD ptlc) TeEEd T 1THE
FICRH 155y na S 15430 hee] e e a3y 16533 16553
DALR 15606 ] M 1516 152 15753 Lr ] 1=14 12356 17956
DAIRK 1= BT A TS5 T 15010 S8 1150 2345 1245
SALR 15751 ) s 15306 508 15500 Lrid 131 mn 130T
. AR 178 = Wn T6ESE s 178 1130 135 Wi L]
MM | Mo Il:::-hi‘ Il L) EE e T T64EE ] 1Tk I 1le e T8EE
AR mer wmm L7 Ll L) 1758 LEEE] 12750 MM L)
NIPN ] =ar 15588 16155 e 16182 2861 13 = 13803
[y 15 Taed] EEE 1534 15501 15ERd LHE] 12E8 1307 1300%
MmN 15340 1612 1T 14838 15086 15384 nreE mn Lro 13653
DALE 1335 TEME 1758 188 peiky] 1M ME e TR e
DAIRS 12668 12085 %=1 3% =) ama 5600 s WEIT 0517
SAR 13415 14175 13660 13043 prre) 13545 BEH 10061 L md
. . AR 14601 5315 1580 1413 S 1451 pir=n R jrir:] 13133
15000l n7 Lt AR 18456 148E5 15374 13538 147 Lotk 1455 & 11553 pre 130
NIR 1451 15065 180 12 T3 HE1R e jere) NTE i) 17e2
AIFA 19164 5SS 189 13051 1333 T T4y T 11358 pir) 11755
PR 13418 1338 14177 138 1388 T 1354 HES) I me M35
PR 13584 13351 13715 ) 13636 251 131E ) W1 i) 7%
DALR Lirad) EW s 56l foird W mn 507 A BHES a4
DAIRS 73 mu 1= 5 a1 sl L 54 e BES s
SALR E6 12604 TR 5 04 Lok Ll k] TSED nn i A5
§ AFR 136 M 11341 11861 WET1 0508 ma ma EEEL n H|m fsr]
oo £} Lot AR LLLLES TR nrg 1142 ) 10738 TS mmn ES5T -/ g ANE
3% 1 = 11500 WS 1054 mss En3 3 50 3350
=S Ll T5E 155 Lirir 0588 WrEs B4l LoEL SO a1
e 10607 TR 108 5 10003 W7 575 an el 2563
ot ma 1064 10545 i b SEET m 03 o A28
B o] E451 B0 7553 T 1 &15 s a5t featl
B3 T BIET sl nw L] TS57 5501 &I [k 113
L) 2 B3 = JEM TE BOOS a5l B &9
Er S 5 prerd EX6 & Em (.G T3
sl & EMNS Lo 513 el Bn L B2l &M Ta7 i
B E ) n Eard Bn B3 ETI% IS Ti M
B3 a7l 5002 mz Lo B EE5E TOE1 M1
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So many options so many variables
Wattage

Lead times will vary depending on options selected Consult with your sales representative., Example: JCBL 24000LM SALR MVOLT GZ10 40K 70CRI 5Ce
JCBL GI10 L
o o umens
Series | Lumens Reflector! Lens'? Voltage Driver temperature index
JCEL SOOOLM 5000 DALR  Diffuse aluminum (blank}  Open bottom MVOLT  120-277V G110 I]I_-'IEI'l'. 0K 3000K T0CRI 7o CRI Refl e Cto r
lumens | DALRN  Diffuse aluminum HVOLT  347-4800 dimming | 35k 3500k | eoCR s0CR
12000LM IErﬁle{lr?:- " 2‘3"':"';" - Fior use with aluminum reflectors 120 120V 40K 4000 s0CRI <0 (Rl
pecularaluminum | AIDRP  Drop prismatic 08 208V 50K S000K O t 1
SO0 B, | AR Frostedacryl ALCON  Conica M0 eV p ICS
18000LM 18,000 ACR  Clear acryli ALFGL  Flat prismatic m
[umens PLCR  Clear palycarbonate 347 17V
MO00LM 24000 For use with acrylic and 480 480V Le n S
lumens polycarhonate reflectors
J0000LM 30,000 ACRDRP  Drop prismatic
lumens ACRCON  Conical C CT
ACRFGL  Flat prismatic

OPERATIONAL DATA CRI

Delivered | Delivered | Delivered | Delivered | Delivered | Delivered | Delivered | Delivered | Dolivered | Delivered | Deliversd | Delivered
Lumen | Imput | Ambient Open lumens lumens lumens lumens lumens lumens lumens lumens lumens |wmens lumens lumens | Comparable
padcage | Watts rating Reflector | 3000KCCT, | 35008 OCT, | 4000K OCT, | 000K (CT, [ 3000K (CT, | 35006 0CT, | 4000KCCT, | S000KCCT, | 3000KCCT, | 3500K OCT, | 4000K CCT, | SOOOKCCT, | light seurce 4K, 3K,

DALR: 25277 15933 26708 26708 13347 4562 25039 23516 1954 2T 20983 20985

DALRN | 24084 | 24766 | 2548 | 258 | om | b4 | mes | Iz | e | 1w | wess 19995 30,000 125 I/w | 80 I/w
SALR 75512 | 2634 | 67 | w97 | M | Miwm | mam | om (TWI)| oM | e | 2um nominal
. | wm e | 854 | 19334 | 134 | 26190 | 6077 | TS | mas | nem | me | nme | 1w
soooowm ] 236 'ﬁ:;ﬂ}c{ ACRRN | zam | omel | o038 | w38 | 9w | 6n5 | mome | oz | maso | mess | s | 186 SﬂﬂTIfI"D'D- lumens.
AR ;ST | 142 | 30 | 0430 | 2627 | 20ss | ms: | 2ne | nse | s | o | B 236
MR | 2028 | 2m W53 | 25404 | 2666 | 26674 | zim | mem | nsw | imse | i watts.
PLCR 250 | w131 | | 26053 | 4065 | 2477 | 259 | 5750 | wm | 2046 | amme | T
PCRN | e84 | 1538 | 2e0m | 26081 | 217 | nss | 2ass1 | 24017 | teoss | tored | omm | amm
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Question on CRI and CCT?
How many of you:

=  Know all about CRI and CCT.

= Have been doing lighting a while
but could use a refresher.

= Heard about them but always get
confused.

=  Am new to lighting and would like
to find out about CRI and CCT.

= [thought we were going to learn
how to make pizza in this class.

Elighting design lab



Photometric reports for just one fixture- ...

1E5 Photenvetry

[F1[E) JobL 120000 30K FOCRI ACCR: ICHL 13000LM SO TOCRI 167
CLEAR ACRYLIC REFLECTOR NO LENS

[I[E) Joiu 120000 30K FOCRE ACFR: JCIL 12000LM 30K POCRI 167
DIFFUSE ACRYLIC REFLECTOR MO LENS

[)[) Jobe 120000mM 30K FOCRD DALR: JCBL BIOGILM 30K FOCKE 167
FACETED DIFFUSE ALUMINUM REFLECTOR NO LENS

[F1[E) Joiu 120000m 30K FOCRE PLER: JCIL 1IC00LM 30K FOCAE 167
CLEAR POLYCARDONATE REFLECTOR NO LERS

(][5 JCBL 120004M 30K TOCRI SALR: JCBL 12000LM 308 TOCR] 157
FACETED SPECULAR ALUMINUM REFLECTOR NO LENS

= J:ﬂ. \QOBNDI 30K BOCRI ACCR: Iﬂ'\ 13000LM 300 SOCRT 16°
CRYLIC REFLECTOR NO LENS

[F1[E) Joiw 120000m 30K BOCRE ACFR: ICIL 12000LM 30K BOCRI 167
DIFFUSE ACRYLIC REFLECTOR MO LENS

=iE Jl:ﬂ. 120COLM 0K SOCKL DALK: JCBL 12000LM 30;( BOCKE 18°
ETED DIFFUSE ALUMINUM REFLECTOR NO LEN:

[F[5) JoBL 120000 30K BOCRI PLER: JCBL 1IC00LM 30K ROCEE 16"
CLEAR POLYCARBONATE REFLECTOR NO LENS

[1[E) Joiu 120000m 30K BOCRE SALR: JEBL 12000LM 0 BOCRI 167
FACETED SPECULAR ALUMINUM REFLECTOR NO LENS

=iE J:m. umu 30K SOCKL ACCR: ICHL 12000UM 50K SOCRT 167
CAYLIC REFLECTOR. NO LENS

[5) JOBL 120000LM 30K SOCRD ACFR: JCHL 13000LM 30K SOCKI 167
CHFFUSE ACRYLIC REFLECTOR MO LENS

(][] JCBL 12000LM 30K DOCRI DALR: JCEL 120000M sux a0CAI 16°
FACETED DIFFUSE ALUMENUM REFLECTOR NO LE!

([ Joee 120000m 30K SOCRI PLER: ICEL 12000UM 30K SOCKE 16"
CLEAR POLYCARBONATE RE RO LENS

[FI[F) JobL 120000 30K SOCRE SALR: JCHL 13000LM SO SOCRI 167
FACUTED SPECULAR ALUMINUM REFLECTOR NO LENS

= Jﬂl. 120CCLM 35K TOCRI ACCR: ICB( 12000LM 35K TOCAT 167
ACRYLIC REFLECTOR NO LENS

= Jl:‘l. 1I0CCLM 38K TOCKI ACFR: JCBL 1200CLM 35K TOCRI 187
FFUSE ACRYLIC REFLECTOR MO LENS.

[F1[E) JobL 120000 35K FOCRE DALR: JCBL JIOGILM 35K FOCKE 167
FACETED CIFFUSE ALUMINUM REFLECTOR NO LENS

(][] JcBL 120004M 35K TOCRI PLER: JCEL 12000LM 35K TOCRE 167
CLEAR POLYCARBONATE REFLECTOR NO LEKS

[3][ 1CBL 12000LM I5K TOCRI SALR: JCBL 12000LM !s: FOCRT 167
FACETED SFECLILAR ALUMINUM REFLECTOR NO LEN:

(2[5 168U 12000LM 35K SOCRE ACCR: JCOL 12000LM I5K BOCRT 16™
CLEAR; ACRYLIC REFLECTOR N LENS

F]

CBL 12000UM J5K S0CRI ACFR: JCBL 12000LM 35K 80CRI 167
DEFFUSE ACRYLIC REFLECTOR NO LENS.

(][} JBL 12000LM 35K S0CAI BALR: CBL 13005LH 35K BOCRI 16°
FACETED DIFFUSE ALUMIRUM REFLECTOR NO LENS.

[[B) 1CBL 12000LM 35K SOCRI PLCR: JCBL 12000LM 35K BOCRI 167
CLEAR POLYCARBONATE HEFLECTOR NO LENS

[#] [} JCBL 12000LM 35K S0CAI SALR: JCEL 12000LM 35K BOCRI 167
FACETED SPECULAR ALUMINUM REFLECTOR NO LENS

(=) [ 1eBL 12000UM 35K SOCRT ACCR: JCEL 12000LM 35K 90CRI 187
CLEAR ACRYLIC REFLECTOR NO LENS

[#] [} JCBL 12000LM 35K SOCRI ACFR: JCEL 12000LM 35K SOCRI 167
DEFFUSE ACRYLIC REFLECTOR NO LENS.

(2[5 JEBL 12000Um 35Kk SOCRE DALR: ICBL 12000LM 35K S0CRT 167
FACETUD BIFFUSE ALUMERIN SOFLTCTOR RO LS

[Ci] 2] n:u BICGOLM 35K SOCRE PLER: JCHL 1300CLM 35K BOCRD 167
4R POLYCARSONATE REFLECTOR NG LENS

[=][57 JCBL 12000LM 35K 0CRI SALR: JCEL 12000LM 35K S008I 167
FACETED SPECULAR ALLMINUM REFLECTOR MO LENS

[3)[F) 1681 1200000 a0k TOCRE ACCR: ICRL 13000LM S0K TOCR] 167
CLEAR ACRYLIC REFLECTOR NO LENS

|55 ] J@t 12000LM 30K TOORI ACFR: JCBL 12000LM 40K TOCRI 167
EFFUSE ACRVLIC REFLECTOR NO LENS.

@@ n:u BIDGOLM 0K TOCRE DALE: JCRL 1I000LM 40K TOCRI 167
FACETED DIFFUSE ALUNENUM REFLECTOR NO LENS

[ri] =] Jﬂ'\ LI0COLM 40K TOCRE PLER: JCIL 13000LM 40K POCRT 167
AR POLYCARBORATE RIFLICTOR NGO LENS

([ 681 32000 a0k TOCRE Sak: JCE \2000\"“;: TOCRE 167
FACETED SPECULAR ALLMINUM REFLECTOR WO LEI

[)[F) 1681 1200008 40K SOCRI ACCR: ICBL 12000LM 40K HOCRT 167
CLEAR ACRYLIC REFLECTOR NO LENS

() JoBL 32000LM a0K SCCRE ACFR: JCEL 12000LM S3% ROCR] 36
GAFFUSE ACKYLIC REFLECTOR NGO LENS

(5[} J0BL 12000LM 40K S0CRI DALR: JCBL 12000LM 40K SOCRT 167
FACETED DIFFUSE ALUMINUM REFLECTOR NO LENS

g. JOBL 12000LM 40K S0CAI PLCR: JOBL 12000LM 40K S0CRI 167
LEAR: POLYCARBONATE REFLECTOR NO LENS.

BE -:-n 1000LM 40K SOCRI SALR: JCBL 130000 40K BOCRT 167
WCETED SFECULAR ALUMINUM REFLECTOR NO LEKS

[} Jo0L 33000LM a0k SOCRE ACCR: JCIL 120D0LM ACK SOCRI 167
(CLEAR: ACRYLIC REFLECTOR NO LENS

()] JobL 33000LM a0k SCCRE ACFR: JCEL 12000LM 435 SOCR] 16
CAFFUSE ACKYLIC REFLECTOR NO LENS

9 em

3000LM 40K SOCAI DALR: JCBL 13000LM 30K SGCRI 16°
u:iliooﬁfwﬁnlunnl.lu REFLECTOR NO LENS.

2000LM 40K S0CAI JCBL 12000LM 40K S0CRI 16°
Cl(-ll! POLYCARBORATE Ri‘lit’faﬂ NO LENS

9 em

[S1[E) 1CBL 120000 A0k S0CRI SALR: JCBL 12000LH 42K DOCR] 16°
FACETED SPECULAR ALUMINUM REFLECTOR MO LENS

[FI[E) 350L 330000M 50K TOCRE ACCR: COL 130D0UM SOk TOCRI 16°
CLEAR ACRYLIC REFLECTOR. NO LENE

[FI[E) $00L 13000LM S0k TOCAT ACFR: ICBA 12000LM S8t FOCRT 16"
CAFFUSE ACEVLIC RIFLECTOR NO LING

BB 180 1200000 S0K TOCRE DALR: ICAL 12000081 Jow e 26"
FACHTED DIFUSE ALUMERUM RISLECTOR NO LENS

(=) o8l 12000LM SOK TOCHI FLCR: JCHL 12000LM SOK TOCRL 187
CULAR POLYCARIORATE REFLICTOR NO LINS

[z JoBL 12000LM SOK TOCHI SALR: ICEL 1200(LM SOK TOCAI 167
FACETED SPECULAR ALUMINUM REFLECTOR HO LEKS

[§[E) I0BL 12000LM 50K S0CRI ACCR: JCEL 12000LM 50K BOCRI 167
CLEAR ACRYLIC REFLECTOR NO LENS

[§[E) 0BL 12000LM 50K S0CRI ACFR: JCBA 12000LM 506 BOCR] 167
DIFFUSE ACRYLIC REFLECTOR NO LENS

[§[E) 0BL 12000LM 50K S0CRI DALR: JCBL 12000LM 50K SOCRT 167
FACETED DUFFUSE ALUMINUM ROFLECTOR NO LENS

=@ JCBL 12000UM SOK BOCRL PLCR: JCBL 1Z000LM 50K BOCRI 16
TE REFLECTOR NO LENS

JCBL 12000LM SOK S0CRI SALR: JCEL 12000LM WK ‘BOCRI 167
FACETED SPECULAR ALUMINUM REFLECTOR MO LENS

JCBL 12000LM SOK S0CRI ACCR: JCBL 12000LM 50K 90CRI 167
CLEAR ACRYLIC REFLECTOR NO LENS.

JCBL 12000LM SOK SOCRI ACFR:  JCBL 12000LM 50K SOCRI 167
DIFFUSE ACRYLIC REFLECTOR NO LENS

JCBL 12000UM SOK 9O0CRI DALR: JOBL 12000LM S0 SOCRE 167
FACETED DIFFUSE ALUMINUM REFLECTOR RO LENS

[#] () JCBL 12000LM SOK SOCRI PLER: JCBL 12000LM 50K SOCRE 16°
CLEAR POLYCARBONATE REFLECTOR NO LENS

[#][) JCBL 12008LM SOK SOCRI SALR: JCEL 12080LM s«x S0CAT 16°
FACETED SPECULAR ALUMINUM REFLECTOR HO LENS

(7] (3] JCBL 15000LM 30K OCRI ACCR: JCEL 15000LM 30K TOCRT 167
CLEAR ACRYLIC REFLECTOR NO LINS

[#1[E) 1CBL 150000M 30K FOCRI ACFR: ICBL 15000UM 30K POCRI 167
CIFFUSE ACRYLIC REFLECTOR NO LENS

[#1[) 1CBL 150000M 30K FOCRI DALR: IOBL 15000LM 306 FOCRE 16°
FACETED DIFFUSE ALUMINUM REFLECTOR RO LENS

@@ xu 1500HLM 30K FOCRT PLCR: JOBL 15000LM 306 TOCRE 16°
AR POLYCARBONATE REFLECTOR KO LENS

[#1[5]) st 350coumM SOk PHCR] SALR: JCEL 1S0GOLM 30K FOCR] 167
FACETED SPECULAR ALUMINUM REFLECTOR KO LENS

[#1[5]) epa asocoum 3ok sockl m:cn bcu 1S000LM 30K AOCHT 167
CLEAR ACRYLIC REFLECTOR N

(3] scex 15000uM 30K BOCRI AcFR: B 15000LM 30K SOCRI 16”
DIFFUSE ACRYLIC REFLECTOR NO LENS

[/ JcBL 15000LM 30K BOCRI DALR: ICEL 1S000LM 30w SOCRI 15”
FACETED DIFFUSE ALLIMINUM REFLECTOR HO LENS

BE xu 15000LM 30K BOCRI PLCR: JCBL 1S000LM 30% SOCRI 157
4% POLYCARBONATE REFLECTOR MO LENS

[3][F) ot 15000LM S0k BUCR] SALR: JCIL 15000LM 30K BOCRT 167
FACETED SPECULAR ALUMINUM REFLECTOR 8O LENS

(][} JCHL 15000LM 30K BOCRD ACCR: JCHL 15000LM 30K SOCAT 167
CLEAR ACEVLIC REFLECTOR RO LINS.

[53[) JCBL 15000LM 30 SOCRI ACFR: JCBL 15000LM J0K SOCRI 16
DIFFUSE ACRYLIC REFLECTOR HO LENS

(5[} JCBL 15000LM 30K SOCRI DALR: JCEL 15000LM 20% 90CKRI 16"
FACETED DIFFUSE ALUMINUM REFLECTOR NO LE

[S)[E) 8 15000LM Six SOCRE PLER: JCBL 15000LM 300 SOCRE 167
CLEAR POLYCARBIMATE REFLECTOR HO LENS.

JEilka) ::mmumm SaL: unsmnsnxmn 18"
FACETED SSECULAR ALUMINUM REFLECTOR NO LI

(5[} JCBL 15000LM 35K FDCRI ACCR: ICBL 15000UH I5K FOCRI 16
CLEAR ACRYLIC REFLECTOR 10 LENS.

[S)[E) JcBL 15000LM 36 POCRE ACFR: JCHL 1S000LM 35K TOCR] 76
DIFFUSE ACRYLIC REFLECTOR NG LENS.

[H)[) 2che 180000 S5 TOCRE DALR: ICHL 15000LM 38k TOCRE 187
FACETED DIFFUSE ALUMINUM REFLECTOR NO LERS

(5[} JCBL 15000UM 35 PDCAI PLCR: ICEL 15000LM 35K FOCAI 167
CLEAR POLYCARBOMATE REFLECTOR HO LENS

(B[} 3c8e 180000 36 TOCRE SALk: JORL 1SOOILM 38K T0CR] 187
FACETED SPECULAR ALUMINUM REFLECTOR MO LENS

[H)[) 3che 18000LM S5 ROCRE ACCR: JCHR 18003LM 35K HOCRI 16
CLEAR ACEVLIC ARFLEETOR KO LENS

[5[) JcBL 15000UM 35 BOCRI ACTR: XCBL 1SO00LN 35K 80CRI 16
DIFFUSE ACRYLIC REFLECTOR H

(B[} cee 180000 Sia BOCRE DALR: ICRL 15000UM 85* BOCRE 187
FACETED DEFFUSE ALUMINIM REFLECTOR NO LE

BE JCN. 1S0CCLM 565 ROCRE PLCH: JCBL 18CC0LM 38a BOCRI 187
POLYCARBONATE REFLECTOR HO LENS.

(5[} JCBL 15000LM 35K BOCRI SALR: JCBL L50DOLM 35K 80CR] 16
FACETED SPECULAR ALUMINUM REFLECTOR MO LENS

[5][E] JCBL 15000LM 35K SOCRI ACCR: ICEL 15000UH 35K 90CRI 167
CLEAR ACRYLIC REFLECTOR 0 LENS.

[S)[E) JCue 15000UM 20k GOCRE ACPR: JCIL FSO00LM J5K SOCRI 16
DIFFUSE ACRYLIC REFLECTOR NO LENG

[ 2004 15000LM 35% S0CR Dy 15EGOLH 35K SOCRI 167
FACETED DIFFUSE ALLMINUM ﬂ(?\.tﬂbﬁ NGO LENS

[F)[E) ICBL 15000UM 35 SOCRT PLOR: JCEL 15000LM 35K H0CRI 167
CLEAR POLYCARBONATE REFLECTOR NO LINS

([ JCBL 15000LM 35x SOCRT SALR: JCEL 15000UM S5 SOCRI 167
FACETED SPECULAR ALUMINUM RIFLECTOR WO LENS

(=) some 330000 sow ocRs accr: ch. 15D0ULM 40K, FOCRS 18"
CLEAR ACRYLIC REFLECTOR NO LEN

[WIE 1601 150000M ats: 0CRT ACTR: n:u 5000LM 408 T0CRT 16"
DIFFUSE ACRYLIC AEFLECTOR MO LEN!

[F1[E) 2081 15000LM atet FOCRI DALA: JCDL 15E00LM 40K T6CAT 367
FACETED DIFFUSE ALUMINUM REFLECTOR NO LENS

[)[) 10BL 15000LM 200 FBERI PLER: ICBL 15200LM 40K TACRL 167
CLEAR POLYCAHBONATE nm(:rm MO LENS

=BE JCBL 15000LM 308 J0CKS SALK: ICBL 15000LN 4okt JOCAI 16"
ACETED SPECULAR ALUMINUM REFLECTOR WG LENS

(5[ JCBL 1S000LM £0K BOCRI ACCR: JCEL LS000LM 40K S0CHL L7
(CLEAR; ACRYLIC REFLECTOR NO LEN:

([ Jomu 15000LM 40w BOCR] ACFR: JCIL 15000LM 405 BOCR] 167
DEFFUSE ACRYLIC REFLECTOR NO LENS

([ JomL 35000LM Six ROCR] DALR: JCHL 15000LM A0K SOCET 187
FACETED DIFFUSE ALUMINUM REFLECTOR NO LENS

@E n:e« ESO00LM S0 BOCRI PLOR: JCBL 15000LM 40K B0CKI 187
FOLYCARBOMATE REFLECTOR NG LENS

(5[} JCBL 15000LM 40K BOCRI SALR: ICEL 1500DLM 40K BOCRI 167
FACETED SPECULAR ALUN!WH REFLECTOR WO LENS

[§[E ICDL 15000UM 405 SOCRI ACCR: IO 1G00DLM 40K 9OGHI 16
(ELEAR; ACRYLIC REFLECTOR NO LEN!

[ 1o0e 150000 ICDL §SO0LM 405 SOCRT 167
RS ltﬂ\'\.lﬁ ﬂ(‘l.il:'fﬂﬂ NU L

[ e 25000um <o 90cR1 a0 90CRL 267
FACETED DIFFUSE MWINW ﬂ(ﬂ.‘ﬂm NO LENS

BE JCOt 1S000LM 200 SOCRI PLOH: JCEL 15000LM 40K S0CRIL 387
POLYCARBONATE REFLECTOR NO LENS.

[] ICBL 25000LM 40K SOCRI PLCR: JCEL 15000LM 408 SOCRI 167
CLEAR POLYCARBONATE REFLECTOR KO LENS

(5] [£] JEBL 15000LM S0K SOCRI SALR: JCBL 15D00LM A0K SOCAI 167
FACETED SPOCULAR ALUMINUM REFLICTOR MO LINS

(A 3601 15000uM S0k FOCRI ACCA: JCBL B50DLM 50K POCRT 16
CLEAR ACRYLIC REFLECTOR NO LENS.

(E)] Jc8L 15000LM S0k TOCRI ACFR: JCHL 15000LM SOK TOCRI 167
DIFFUSE ACRYLIC REFLECTOR MO LENS.

[FI[E] 6w 15000um Sox TOCRI DALR: L \smu sm st 167
FACETED DIFFUSE ALUMINUM REFLECTOR, HO

[z (] JCBL 35200M 50K TOCRI PLER: JCBL 15000LM 526 70CRI 16"
CLEAR POLYCARSONATE REFLECTOR HO LENS

[H[E] ICBL 15000LM 50K TOCRI SALR: ICBL 1S000LM 50K TOCRI 167
FACETED SPECUILAR ALUMINUM REFLECTOR NO LENS

[$3(] JCBL 15000LM 50K SOCRI ACCR= JCEL 1S000LM SOK SOCRI 167
CLEAR ACRYLIC “KUCTO&M!(NS

(A 3681 15000uM S0k SUCRI ACFR: JCBL 15000LM 50K BOCRI 16”
DIFFUSE ACRYLIC REFLECTOR WO LENS

[H[E] JCBL 15000LM 50K SOCRI DALR: JCBL 15000LM S04 BOCRI 167
FACETED DIFFUSE ALUMINUM REFLECTOR NO LENS

(1[5 6L 35000um S0k SOCRI PLER: JCBL 15000LM S0w HOCEE 167
CLEAR POLYCARSOMATE REFLECTOR HO LENS.

(=) (3] JEBL 15000LM 50K SOCRY SALR: JCBL 15000LM 50K SOCRI 167
FACETED SPECULAR ALLIHINUM REFLECTOR NG LENS.

()] acBL 35000m S0k SOCRI ACCR: ICERL JSOUOLM SOK SOCKI 167
CLEAR ACRYLIC REFLECTOR O LENS

[1[] JCBL 15000LM 50K S0CRI ACFR: ICBL 15000LM 50K S0CRI 167
DIFFUSE ACRYLIC REFLECTOR RO LENS

()] J6mL 35000mM 50K SOCRI DALR: JCIL 15000UM S0 SOCEE 167
FACETER GIFFUSE ALUMINUM REFLECTOR NO LENS

Bl IEBL 1500LM 50K SOCRI PLCR: JCBL ASDMLK 50w 90CRE 167
AR POLYCARBONATE REFLECTOR 1O LEN:

()] 6L 35000M S0k $OCKI SALR: ICHL IS00IM SOK $OCRI 787
FACETED SPECULAR ALIMINUM REFLECTOR HO LENS

(2] (5] remL amonoum 30K TOCRI ACCR: JCIL DSOOO0LM 30K TOCRT 167
CLEAR ACRYLIC REFLECTOR KO LENS

[A[E) scea 1acocem ok T0ck ltm- Jﬂ'\ IKO00LM 30K TOCKE 167
CLEAR ACAYLIC REFLECTOR KO

[3][E) 3ceL 1880cLM 30K TRCRY ltﬂl Jmimomsouwau 167
DIFFUSE ACRYLIC REFLECTOR NO

[3][] JCEL 18000LM 30K TOCRI DALR: JCEL 18000LM 30K TOCR] 187
FACETED DIFFUSE ALUMINUM REFLECTOR NO LENS

[F[E) 2cpa 1acocum S0k TOCR PLER: 3CBL THCOCLM 30K TOCRI 187
CLEAR POLYCARBORATE REFLECTOR NO LENS

(3 [ scea 18000um S0k TOCR SALR: ICHL 16000LM 30: TOCR 1687
FACETED SPECULAR ALUMINUM REFLECTOR NO

(][ HEBL 130000M 30K SOCRI ACCR: JOBL 15000LM 30K BOCRL 167
CLEAR ACHYLIC REFLECTOR MO LENS.

[F1[E) 2c0a vicccum 30k SOCRI ACFR: JCIL 1H000LM I0% BOCRE 167
DIFFUSE ACRYLIC REFLECTOR NO LENS

(3 [} 2cpa 1acccumM S0k SOCRI BALR: JCBL THCOOLM 30K $OCRI 38"
FACETED DIFFUSE ALUMINUM REFLECTOR NO LENS

g|:hj !cu 1BOOCLH 30K SCRI PLCR: JCEL 1B000LN 30K BOCR] 167
AR POLYCARBORATE REFLECTOR NO LENS

[F1[E) 2C0a 16000uM 30K $OCRI SALR: JCIL 1B000LM :Im( BOCRL 167
FACETED SPECULAR ALUMINUM REFLECTOR NO LEN:

[F1[E) 2cpa 1ac00umM 50K SOCRI ACCR: JCHL IROO0LM 30K SOCRL 167
CLEAR ACEYLIC REFLECTOR 80O LINS

[][F) 2CEL 18000LM 30K SOCRI ACFR: JCBL 16000LM 10K SOCRI 167
DIFFUSE ACRYLIC REFLECTOR NO LENS.

(B[] 2CDA 10600 J0K SOCRI DALR: JCOL 1000CLM 30K $0CAI 167

FACETED DIFFUSE ALUMINUM REFLECTOR NO LENS

}]m mn THCCCLM 30K SOCRI PLER: JCIL LICCOLM 30K SOCR] 167
POLYCARBONATE REFLECTOR NO LENS

18000LM 30K 90CRI 167
K-I»C(\‘(b SNCUUIR llulumlll muc’rm NO LINS

@@ x

SCBL 18000LM 35K TOCRT ACCR: JCBL 18000LM 35K FOCRI 167
CLEAR ACHYLIC REFLECTOR MO LENS.

el

[F1[E) 2cia 1hocoum 35K TOCR] ACFR: JCIL 16000LM 358 JOCRE 167
CIFFUSE ACRYLIC REFLECTOR NO LENS

(][] rcee reootum 35k JCEL LBOOOLM 35K TOCRT 16”
FACETED DAFFUSE lu.IIlINUN ki FLECTOR NO LENS

BB e 35K TOCAL BALRL JEBL 180004 33k T0CA1 16"
FACETED BIPPUSE At SEAEEION o

B[ 1em 180004 2 T0CRS 16°

35K TOCR 18005LM
CLEAR POLYCASBONATE ﬂ'\tﬂu NO BN

EI[E sm 19000ULM 35K TOCRT SALf: JCRL 1ICO0LM 35X 2OCRT 367
FACTID SPRCULAR ALUMINUM BEFLECTOR 1) LENS

][5} S 18000LM 35K BOCK] ACCK: JCBL 18000LM 35 SOCR] 16”
CLEAR ACRYLIC REFLECTOR NO LENS.

E) [ JCEL 18000LM 35 BOCKI ACFR JCBL 18000LM 35K BOCRE 167
DEFFUSE ACRYLIC REFLECTOR WO LINS

[ 258 180000LM 35K BOCRT DALR: ICDL IROSOLM I35 BOCRS 167
FACETED DIFFUSE ALUMINUS: RIFLECTOR §0 LEWS

WI[E) 100 1A000LM 35K BOCRS BLER: ICOL EAOOSLM 5 OCRT 14°
CLEAR POLYCARBONATE SEFLECTOR NO (ERE

W] [B) Jcm 18000LM 35K BOCK] Sk JCBL TICOOLM 15K ROCK] 16"
FACETED SPECULAR ALUMINUM REFLECTOR KO LENS

][] JCBL 15000LM 35K SOCRT ACCR: JCBL 13000LM 5K S0CRI 167
CLEAR ACRYLIC REFLECTOR NO LENS.

) ) 7B 19000UM I5K ROCRI ACFR: AN 1BCOLM J5K BOCRI 18°
DEFFUSE ACRYLIC REFLECTOR NG LENS.

W e 35 GOCKI DALRL ICBL 1BOOOLM 35K SOCHI 187
FACETED DIFPAE ALMBAM REPLECTOR NG LENS

hmlmmmm ICBL 18005LM 35 SOCAT 15°
POLYCARRONATE BEFLECTOR MO LENS

#]5) JCEL 18000LM 35K DOCRI SALR: CBL 1S000LM 35X DOCKI 16
FACHTED SPECULAR ALLMINUM RIFLECTOR KO LENS

E1[F) 18 18000UM S0k TOCK! ACCK: JCBL 19000LM 08 TOCK] 16
CLEAR ACRYLIC REFLECTOR NO LENS.

RI[B) 585 195000 20K POCK ACHR:_JCBL LKGOLM 40% POCAE 367
DIFFUSE ACRYLIC REFLECTOR Vo LENS

B $cm 18000L 40w PRI DALR: JCBL 180GOLM 4tk TOCRS 18
FACETED DIFFUSE ALUMINUSE RIFLECTOR NGO LEWS

[} HM 10000LM 40k POCRI PLER: ICRL EAODSLM 43 JOCRS 14"
CLEAR PLLYCARBONATE EIFLECTOR MO LERS

W[ Jce 18000UM a0k TOCRI SaLR: JCBL 1EO00LM 40K PO 1
FACHTED SPECULAR ALUMINUM REFLECTCR RO LINE

[#][B X, 18000LM 40K BOCRT ACCR: JCBL 18000LM 40 SOCRT 167
CLEAR ACRYLIC REFLECTOR NO LENS.

][] 3CBL 1B0DOLM SUK FOCRI SALR: JCEL 1E000LM 40K T0CR] 167
FACETED SPECULAR ALUMINUN REFLECTOR NG LENS

[B) sesu 18000m a0k sochs
CLEAR ACRYLIC REFLE:

][] 3c8L 18000LM 20k BOCRI
DIFFUSE ACRYLIC REF

][5 8L 18000 a0k Bochi o
FACETED DIFFUSE ALUMINY

(5] scew 1s00tem a0k o
CLEAR POLYCARBOMATE ke

][] 2o8L 1a00%M 0K ROCRE
FACETID SACULAR ALLui

(B 2o0L movcam ok socar o
B s Scaruc e

JCBL 16000LM 50K BOCRE DALR: ICBL 18000LM 50K BOCRT 167
FACETED DIFFUSE ALUMENUM REFLECTOR MO LENS

£l

[FI[E] Jo0L 16000um 50K BOCRE PLER: JCIL 1HO0OLM 50K BOCRI 167
CLEAR POLYCARDBONATE REFLECTOR MO LENS

[#[5) 108L 18000Um 50K BOCRE SALR: SOM BOCRI 167
FACETED SPECULAR ALUMINUM !EH(ENI MO LENS

[FI[F) 1C0L 16000UM 50K SOCRE ACCR: JCOL THOCELM SO% SOCRI 167
CLEAR ACRYLIC REFLECTOR NO LENS

[#[F) JoBL 16000Um 50K GOCRE ACFR: ICHR. JEOGILM SOK SOCRI 167
DEFFUSE ACRYLIC REFLECTOR MO LENS

[F1[E) 190L 16000LM 50K SOCAE DALR: ICBL 16000LM =m< SOCAT 167
FACETED DIFFUSE ALUMERUM REFLECTOR NG LENS

[F1[E) JobL 16000um 50K GOCRE PLCR: JCHL 1RO0OLM 50K YOCRI 167
CLEAR POLYCARBOMATE REFLECTOR MO LENS.

[2)[5) I68L 18000UM SoK OCAE SALR: CEL TBOOCLM San HOCAI 16°
FACETED SPECULAR ALUMINUN REFLECTOR NG LENS

mE J:nl. F4000UM J0K FOCERE ACCR: 3CIL JA00CLM 30K T0CRI 167
ACRYLIC REFLECTOR NO LENS

[#)[5) Jme 2ano0un 30K TOCRE ACFR: ICER 24000LM 50K TOCR) 387
DIFFUSE ACRYLIC REFLECTOR NG LENS.

(=1 108L 22000UM 30 POCRI DALR: JCBL 24000LM uk TOCRL 157
FACETED DIFFUSE ALUMERUM REFLECTOR HO LE

(B[] sehu panoous a0 POCRE PLCR: ICRL 240000 30K TOCRE 167
CLEAR POLYCARBONATE REFLECTOR MO LENS.

[][3] JoBL 24000LM 30K POCRI SAR: JCBL 2. B0M TOCAT 187
FACETED SPECULAR ALUMINUM lEFlECN‘ NOLENS

[F[E] JciL 2e000um 30K GOCRE ACCR: SCIL 2A0CCLM 0% GOCRI 167
CLEAR ACRYLIC REFLECTOR NO LENS

[#)[5) 8L 2a000un 30K BOCRE ACFR: ICER 24000LM 50K SOCR) 38"

DIFFUSE ACRYLIC REFLECTOR MO LENS

(53[5 J0BL 22000LM 30K BOCAI DALR: JCBL 24000LM 30K BOCRI 16°
FACETED DIFFUSE ALUMINUM REFLECTOR HO LENS

Ci)i] J:ﬂl. MM\I 30K BOCRE PLCR: JCHL W\u 30K ROCRL 167
'CARBONATE REFLECTOR MO LEN:

()] 682 2a000Lm 30K BOCRI SALR: ICBL 2AD00LM 30K $OCRI 167
N

FACETED SFECULAR ALLIMINUM REFLECTOR NO LENS.

[/ JCBL 24000UM J0K SOCRI SCCR: IR 24000LM J0K SOCRI 16°

Someone said not long ago,

“Isn’t lighting getting easier? f.:
Its just LEDs now”

(5[] e 2ac00um 35K socRs AcR: -cu 24000LM 35K SOCRT 16"
DIFFUSE ACRYLIC MO LE

[§][E] JEBL 240000LM 35K SSCRI DALR: JCBL J4000LM 35K S0CR] 167
FACETED DIFFUSE ALUMINUM REFLECTOR HO LENS

BE KH ZA000LM J5K SOCRI PLCR: JCBL 24000LM J5K P0CRI 167
AR POLYCARBOMATE REFLECTOR 8O LENS

[F1[) 1CBL 2400001 35K SOCRE SALR: ICBL 24000LM 35K SOCRE 16°
FACETED SPECULAR ALUMINUM REFLECTOR NO LENS

[#][F] ol 24000LM 40K 7OCAL ACCR: JCIRL 24000LM 40K POCRI 167
CLEAR ACRYLIC REFLECTOR NO LENS

[3][] ICBL 24000LM 40K TOCRE ACFR: xu 24000LM 40K TOCRS 167
DIFFUSE ACRYLIC REFLECTOR HO LENS

[#1[E) 1CBL 2400001 40k TOCRE DALR: ICAL 24000LM 40K FOCRT 16°
FACETUD DIFFUSE ALUMINUM REFLECTOR NO LENS

[3][E] JCBL 24000LM 40K TOCRI PLOR: ICBL 24000LM 40K 70CR] 167
CLEAR POLYCARBOMATE REFLECTOR NO LENS

[#][3] JCBL 24000LM 40K TOCRI SALR: JCEL 24000LM Jux TOCRI 15"
FACETED SPECULAR ALUMINUM REFLECTOR NO LENS

[31[F] ICBL 24000UM 40K BOCRT ACCR: JCBL 24000LM 40K BOCRI 167
CLEAR ACRYLIC REFLECTOR NO LENS

[§][5] JEBL 24000LM S0k SOCRI ACFR: lcll J4000LM 40K SOCRI 167
DIFFLISE ACRYLIC REFLECTOR NO LENS

(5[] et 24000LM A0k BOCAT DALR: JCIL 24000LM 40K BOCRT 167
FACETED DIFFUSE ALUMINUM REFLECTOR NO LENS

BE »:u JADOOLM 40K SOCKE PLOR: JCHL J4000LM 40K SOCRI 16
POLYCARBONATE REFLECTOR MO LENS

[#][] el 24000LM 40K BOCAE SALR: JCIR 24000UM 40K BOCRE 167
FACETED SPECULAR ALUMINUM REFLECTOR NO LENS

[F)[E rcwL 2400001 40K $OCRE ACCR: mzqmm 40K SOCRI 16"
CLEAR ACRTLIC REFLECTOR NG LENS

[#1[E) 1CBL 240001 S0k SOCRE ACFR: ICBL 24000UM 40K $OCRE 16°
CIFFUSE ACRYLIC REFLECTOR MO LINS

[3][E] ICBL 24000UM 40K SOCRI DALR: JCBL 24000LM 40K 90CR] 167
FACETED DIFFUST ALUMINUM REFLECTOR NO LENS

[] JEBL 24000LM 40K SOCRE PLCR: mwoowmencm 16"
MATE REFLECTOR MO LENS

GOCRI PLCR: JCBL 24000LM 40K SOCRI 167
JHATE REFLECTOR NO LENS

SOCRI SALR: ICBL 24000UM 40K SOCRT 167
[ ALUMINUM REFLECTOR NO LENS

TOLRI ACCR: JCBL 24000LM SOK 70CRI 167
N

TOCRI ACFR: JCBL 24000LM 50K TOCRI 167
FEFLECTOR NO LENS

TFOCRI DALR: JCEL 24000LM 508 70CRI 167
ALUMINUM REFLECTOR NO LENS

HE )cm HOOSLM 40K GOCAT ACPR: JCBL 1H500LM 40K S0C2] ¥
ACEVLIC REFLECTOR MO LENS

][] ¥CDL 1000TLH 40K SOCRI DALR: JCDL 100D 10K 99CRI 16°
FACETED DIFFUSE ALUNINUM REFLECTOR. NO LE

][] 3CBL 18005LH A0k DOCRI PLER: 3CBL 1DOCLH 40K DOCRI 157
CLEAR, FOLYCARBOMATE REFLECTOR NO LERS

][] 3L 1B0DOLM SDK SOCRI SALR: JCBL 18000LM 4Ok S0GR 16°
FACETED SPECULAR ALUMINUN REFLECTOR NG LEN:

(=) [H) soeL 18000um Sk FoCRE ACER: JCN. IEPO0LM 30K THCRT 16°
CLEAR ACRYLIC REFLECTOR MO LEN!

jmmlsﬂm 50K TOCAI ACFR: JCEL 1BD00LM 50K TOCR 16°
DIFFUSE ACRYLIC HEFLECTOR MO LENS

][] 08U 1H000M S0k TOCAL GALR: JOBL LHOOSLM snx POCAI 187
FACETED DIFFUSE ALUMINUM REFLECTCR MO LENS

[E[F] 50U 1A00%AM S0k ORI PLCR: ICDL LAGDILM SOK OCAE 167
CLEAR POLYCARBONATE REFLECTOR NO LENS

(=] [F] JoBL 18000M SOK TOCRE SALR: JCBL 18000UM SOK TOCR] 16
FACETID SPICULAR ALLMINUM RIFLICTOR NG LINS

1[F] 50L 18D0SM 50K BOCRI ACCR: ICDL 13G00LM 50K SOCRT 167
CLEAR ACRYLIC REFLECTOR HO LENS

[mmlsm_n 50K BOCAI ACFR: JCBL 1B000LM 50K S0CRI 167
DIFFUSE ACRYLIC REFLECTOR MO LENS

[z [E] JCBL 24000LM 35K TOCRI ACFR: JCEL 24000LM 35K TOCRD 187
DIFFUSE ACRYLEC RIFLECTOR NO LIRS

[FI[E] 2602 2a000u0 35K FOCRI DALR: JCBL JACOCLM 5 J0CRI 367
FACETED DIFFUSE ALUMINUM REFLECTOR NO LENS

(3] JCBL 24000LM 35K 7OCRI PLCR: ICBL 24000LM 35 F0CRI 167
CLEAR POLYCARBOMATE REFLECTOR NO LENS

[z [E] JCBL 24000LM 35K TOCRI SALR: JCEL 24000LM 35K TOCRD 167
FACHTHD SPECULAR ALUMINUM REFLECTOR NO LENS

[FI[E] 2602 2a000u0 35K BOCRI ACCR: SCIL 24000LM 25K SOCRE 167
CLEAR ACRYLIC REFLECTOR MO LERS

(3] 3cBL 24000LM 35K SOCRI M:w- JCBL 24000LM 35K BOCAT 16
DIFFUSE ACRYLIC

(3] JCBL 24000LM 35K BOCRI DALR: JCBL 4000LM 35K BOCRT 15™
FACETED DIFFUSE ALUMINUSM REFLECTOR NO LENS

mE :cu 2A0GOLM 35K BOCRI PLOR: JCBL J400CLM 355 OCRI 167
BOLYCARBONATE REFLECTOR N LENS

()] 682 2a000um 35K BOCRI SaLR: ICRL 23000LM m SOCHT 167
FACETED SFECULAR ALUMINUM REFLECTOR NO LEN:

[3(E] 3CBL 24000LM I5K SOCRI ACCR: 3CBL 24000LM I5K SOCRI 167
CLEAR ACRYLIC REFLECTOR NG LENS

()] 3cea 24000 35K BOCRI ACFR: JCEL 24000LM 35K SOCRI 16"
OIFFUSE ACRYLIC REFLECTOR HO LENS

[ 1cee 24000LM S0 TOCRE PLCR: )

BL 24000LM 50K TOCRE 167
iR PORVCARRCHATE REPLICTON N LENS

BE Jmimnibﬂ TOCRE SALK: JCHL 23000UM SOK TOCRI 167
ACETED SPECULAR ALUMINUM REFLECTOR NO LENS

[#] ] JcBa 24D0C0LM S0 BOCRI ACCR: JCBL 24200LM SOK BOCR] 167
CLEAR ACRYLIC RIFLECTOR NO LINS

£l

ICBL 24000LM 506 BOCRI ACFR: JCBL 24000LM 50K BOCRT 16%
Dﬂ!ﬂ.ﬁl ACRYLIC REFLECTOR NO LENS

(5[] ictn 2e000um Sow BOCRL DALR: Z4000LM 50K BOCRI 167
FACETED DIFFUSE ALUMINUM n(summ NOLENS

BE Jt‘l J4000LM SOK SOCKI PLCR: JCBL JSO0CLM S080 SOCRE 167
LEAR POLTCARBONATE REFLECTOR NO LENS

[2)[E] 1ceL 24000LM 508 SOCRI SALR: ICBL 24000LM 0K B0CR] 167
FACETED SPECLILAR ALUMINUM REFLECTOR NO LENS

[#1[E) 8L 240000M S0 SOCRT ACCR: ICAL 24000LM SOK S0CRT 16°
CLLAR ACRYLIC REFLECTOR HO LINS

[#1[E] it 2a000um Sox SOCRL ACFR: JCBL 24000LM SOK SOCRI 167
DIFFUSE ACRYLIC REFLECTOR NO LENS

[#][] JcBa 24D0CLM S0 SOCRI DALR: JCBL 24000LM 504 S0CRI 167
FACETED DIFFUSE ALUMINUM REFLECTOR NO LENS

[2)[E] 1cex 24000LM 50k SOCRI PLCR: JCEA 24000LM 506 SOCRI 16
CLEAR POLTEARBGHATE REFLECTOR NG LENS



Pop Quiz- What are the benefits of light interior
surfaces?:

= Potential to save energy. h 1
= Hybrid radial outcomes. -ﬂ B h
= Improve visual comfort. | rw
= Lower contrast ratios. I |
= Potential higher light levels.
= _Isn't this just Interior Design? e
(Not my area!) TS \

= All of the above il -

Elighting design lab



Common retrofit applications

Fluorescent troffers

Recessed cans
Decorative surface
High-bay

Parking

ﬁlighting design lab



- - -

No diffuser

qwlde ends [ Narrow ends

Glass tube

Same Visual effect as

traditional fluorescent tube

Lumens =100Im/watt

Metal heat sink

ﬁlighting design lab



Tube cross section distribution

LED Narrow (13-03) LED Medium (13-27) LED Wide (13-20) Fluorescent (BK13-30)
100% 100% 100% 100%
75% 75% 75%
50% 50% 50%
25%
‘\.\
oy
2%
= 180° aperture = 180° aperture = 240° aperture = 360° aperture

gy | Energy Efficiency &

wa, nEaATHER
EH ER‘G‘( Renewable Enengy
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Directionality of TLEDs Coa—
1
I I 90 °
HHH}"L._HRE /
t —]
\ - .-
\ N
650 |—+ N
\ | N
Illl ! &0”
\ r \
1 .
H"., 7 \\1
1300 a————'j-f ) '\\
—_— III— -— bl 4E "
T
1950 b— hﬁ.
Sometimes the I
directionality of TLEDs P
SO -dE:  ———— —— —

can be an advantage.
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Directionality of TLEDs

Sometimes the
directionality of TLEDs can
be a disadvantage.

ﬁlighting design lab



TLED- wiring

Tubes- at least 3 variations

No rewiring- Ballast Compatible (BC TLED) product
operates through existing ballast (has an integral driver) -UL Type A

Rewiring- (TLED) disconnect ballast, and rewire sockets for line
voltage (product has an integral driver) “UL Type B

Rewiring- remote driver product operates off of a driver
external to the tube and may use the sockets.® -UL Type C

*When does a “tube” become a “kit"?

Elighting design lab



Ballast Compatible-TLED —Read the fine print

Compatible with >90% of electronic T8 ballasts, including instant
start, programmed start, rapid start and dimmable fluorescent ballasts

Efficacy: 85-105 LPW at system level

Lamp Delivered Light Output: 1700-2100 lumens per LED lamp*
System Power: 20 watts**
Lamp Watts: 18.5**

Application Information

Application Notes

1. Due to numerous ballast designs and topologies, this lamp should be tested on existing ballasts before mass quantities are installed.

2. Not intended for use with older dedicated voltage (120V or 277V) instant start ballasts. These ballasts have electronic components that degrade over time
and may become unsuitable for the new LED T8 lamp.

Elighting design lab



Rewire TLEDs o~ e
NoRDEONE:

Tl ek
e T SRE

Eliminates the
concerns of ballast
compatibility ...But

Enegy Efficiency &

Renewable Energy

“...most include an integral driver and are powered directly by mains voltage(120V or even 277V).

In addition, LED lamps may require power to be connected at one end or both ends—sometimes
with an additional wire between opposite pins.

Improper wiring can result in product failure and/or dangerous conditions, such as sparking,
smoking, or tripping circuit breakers.

Further, each lamp type may require either shunted or unshunted lamp holders...”

Elighting design lab



Rewiring and sockets

* Retrofit Luminaire with Two Lamps and one ballast

. “Do not use this retrofit
E—* R o cC 5 c
M i . kit in luminaires
D — 1 R : :
I ——— ; I employing shunted bi-
: pin
o / lamp holders.”
Rapid Start Socket Instant Start Sockets
. re r “Shunted lamp holders
0 e/ o/ are found only in
VS. luminaires w/ instant-
-l - -l “ / start ballasts.

Non-Shunted Shunted /

WARNING: To avoid potential fire or shock hazard, do not use this retrofit kit in luminaires employing shunted bi-pin lampholders. Note: Shunted lamp holders are found
only in fluorescent luminaires with Instant-Start ballasts. Instant-start ballasts can be identified by the words "Instant Start" or "L.S." marked on the ballast. This designation may

be in the form of a statement pertaining to the ballast itself, or may be combined with the marking for the lamps with which the ballast is intended to be used, for example
F40T12/IS. For more information, contact the LED luminaire retrofit kit manufacturer.

|Glighting design

lab



Remote driver tubes. Still using the sockets

LED Tubes

Refit Solutions from GE

o
Wyl
= ™ __;';_
r i
= . ,__,f_'.:-_,_ e T
5" q_-.\'ll‘p "r"_,;.'c‘.':".- =
o>
‘_Jq\-_n: __:'Fi-'- -
A
1 o
e I
f

“Each LED tube is operated by a GE
Lightech™ driver. See reverse for LED

tubes and Lightech driver product details.”
The SYLVANIA ULTRA HE LED T8 retrofit kits are an energy saving and

longer-life alternative to replace traditional fluorescent T12 or T8 lamps.
Compared to traditional fluorescent lamps, ULTRA HE LEDT8 lamps offer
higher efficacy and equivalent light output.

Lamp requires dedicated external driver and non-shunted G13 medium

i lamp holderg T ar AR e relat it Usually a manufacturer supplied proprietary driver

ﬁlighting design lab




Remote driver tubes using sockets, but N0 power to them

— Driver: Driver comes standard with 3M

Quick Connect: QC system removes double sided tape to place driver before
the step of wiring the DC outputs to the installing self-tapping screws. The
tombstones. external driver removes unwanted heat

source from inside the lamp.

IDC Power Feed to Tube: 24 inch LAG Input Lines: Leave your wire cutters

power wire allows for an easy at the shop for this job as the QC drivers
are pTECUt S-E'H"il'l.g even more time on

connection to the driver and enables : :

InSta“atlnn EEEEEEEEER AEEEEEER BE
the tombstones to simply be place s e 2V [ SO N
hﬂlders fﬂr the Iamp* Eilllluuul lllllmll.== EE EEEEE

—— Heat Sink: Military grade extruded
aluminum heat sink ensures an LED Diodes: The QC tubes utilize LED
sources that have passed the IESNA LM80-08

even and effective heat transfer
from the LM&0 tested LEDs. test procedure and have gone through IESNA
LM79-08 and TM-21 independent testing.

XY

Ndlighting design lab



Kits - Basic

Kits
Variations of kits, all

have rewired fixtures, and
remote drivers

Basic Kit - Replacing just
the electrical assembly

Uses existing luminaire
optics

UR Series
CREE < | LEDLIGHTING

Elighting design lab




Kits - Complete have new optics

Complete Kit — New electrical
assembly and new optical assembly

LIPKIT End Caps

— -—-"'_H-F 5
Side Reflectors — M &ri

CR-LE End Cap
I~ Assemblies

(sold separately)

New optics

Elighting design lab



What about a different kind of lighting?

A new fixture gives
the opportunity for
a fresh modern
look.

What are some
other advantages
to a new fixture?

Direct lighting system with recessed luminaires Indirect lighting system with pendant luminaires

Elighting design lab



What is the LED equivalent in delivered lumens?

CFL fixture: 83 watt w/ 4-1800
lumen lamps= 7,200

LED-A: 24 watt w/ 2558 lumens

LED-B: 22 watt w/ 1898 lumens

ﬁlighting design lab



CFL fixture efficiency — 37%

After the luminaire
efficiency is applied to the
7200 lamp lumens then the
luminaire lumens= 2660

— General Paole or [~ Pendant Mounted
Label |oM1732-40F26 -] Tao | & Dynaic: AtachtoZ= [5|
Description II:M'I?EE ;I Defaults... | " Static; Length = I

— D efinition — Arrangement ~ Symbals
Lumens Per Lamp  [1300 Humber OF Lamps SINGLE CIRCLE DOWN L5 Render Mode
Lurninaire Lurnens IEEED @ Housing .
Lumninaire ' atts Igg— 5/ Ratio |'| = Lumninous I_
Tatal LLF I‘I JuiNn] Specify. .. |

CIRCLE DCAWN LS Model Mode
v v > Arm Length ||:|
inous Bow: LLHC |.|:|_?|:|5 |.|:|_?|:|5 |.|:|_25 @ Lire Width/Color
e ==
A URHC o705 [0705  [ozs [Fivel =

— Photornetric File « -

Description 1 Clazsification 1 LCS ) 24 Candela LLS

[TEST]OB7

[TESTLAB] LUMIMAIRE TESTING LABORATORY, INC.
[I5SUEDATE] 04-12-2004

[MANUFACTYISA LIGHTIMNG

[LUMCAT] C1732

[LAMPCAT] GE F26DE=/SF<35/4F

[LUMINAIRE] FORMED ALUMINUK HOUSING, FORMED WHITE EMak

Filename: C:\Users\strande\DesktophDocumentsholass presentationshCFL -

m

[LAMP] FOUR HORIZOMTAL 26°WATT DOUELE TUBE COMPACT FLULC

[BALLAST] Tw'D AC ELECTROMICS TPZ/2ERS IV L4

|[ESMA:LM-63-2002 -

< i | 4 bore... |
glighting design

lab



I

LED A lists “source lumens’

We don't know what the
luminaire efficiency is.

LED PERFORMANCE - 3500K STANDARD

120-277V - 3500K, 82 CRI - L8O rating - 60,000 hrs - L70 rating (projected) - 100,000 hrs
Amperage rated @ 110V input

Operating ambient temperature: -20°C/-4°F - 40°C/ 104°F

Standard 3500K source lumens noted. Consult Brownlee.com for performance of all CCTs.
BGLED - 6W nominal, .05 AInput- 698 Im - 114 Im/W

B12LED - 12W nominal, .10 A input - 1422 Im - 120 Im/W

(CSLED - 9W nominal, .10 A input - 1072 Im - 122 Im/W

C17LED - 17W nominal, .15 Ainput- 1829 Im - 111 Im/W

C24LED - 24W nominal, .20 Ainput - 2558 Im - 107 Im/W

C37LED - 37Wnominal, 30 Anput- 3837 Im - 104 Im/W

C49LED - 49W nominal, 40 Ainput-5116 Im- 107 Im/W §| ighting design lab




I

LED B lists “delivered lumens’

Performance

Input Wattage 21.8
Input Voltage Range (V) 120
Delivered Lumens (Im) 1898
Efficacy (Im/W) &7.0
Color Renderning Index (CRI) 80
Color Temperature (CCT) 3000
Equivalent Wattage 100W Inc.

Beam Angle 0O
Power Factor 0.00

MAX THD (%) 0O

Min. Ambient Temp (°F) 0O
Max. Ambient Temp (°*F) 104

ﬁlighting design lab



Luminaire lumens or Delivered lumens are
derived from absolute photometry

r-'ﬁ Maxlite

ighting facts’

A Program of the U.5. DOE

Model Number: ML2LA17SABNIP827

Luminaire lumens Light Output (Lumens) 1100
Watts 17.6
Lumens per Watt (Efficacy) 62.5

Color Accuracy 80
Color Rendering Index (CRI)

Ic?::ggl‘:te% ?.‘.Iotljo: Temperaturs (CCT) 2 700 (wa rm W h ite )

Warm White Bright White Daylight

2700K 3000K 4500K 6500K

1
All results are according to IESNA LM-78-2008: Approved Method for the Electrical and
Photometric Testing of Solid-State Lighting. The U.S. Department of Energy {(DOE) verifies
product lest data and results.

Visit www.lightingfacts.com for the Label Reference Guide.

Regi ' " 6/15/2015)
Model Number: ML2ZLA17SABNIP827
Type: Luminaire - Other

design

lab



Know your light source.- LED- Integral Lamp
Not just Lumens or Lumens per watt

=

~ 75+ Lumens per watt* ~ 95+ Lumens per watt

*CBCP and Beam Angle can be the most relevant quantities

ﬁlighting design lab



Beam Angle- The angle at which the light drops 50% from the CBCP
Field Angle- The angle at which the light drops to 10% (not used much)

S50W E} 30° BEAM

lux at b=am cenl e |F

CBCP

5 : L ‘\ Beam angle
FieIdAngIe/ \ v ) f
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Omni-directional lamps in recessed cans.

Some recessed cans are designed for omni-directional lamps. In this
case it is the trim that shapes the light and contributes greatly to the
optical properties and luminaire efficiency

It may not have

W.E / been such a good
N idea anyway...

’» -\ Loyt ) =

7,8 33 B3
N 2

M. 14 -

/TN 1<
65 Im/W 549 35 Im/W

Elighting design lab


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCKaclIfKi8gCFYJQiAod_ewIzA&url=http://www.ledsource.com/blog/the-facts-about-the-u-s-incandescent-bulb-phaseout/&psig=AFQjCNFXPeL6Scnpb-nLWzhiUtl8gCYhsQ&ust=1443043472662315

CFL recessed cans may lose 40% of light or more due
to inefficiency.

Elighting design lab



CFL to LED Retrofit

Potentially a “great fit”

Taking an omnidirectional lamp out of a usually marginal
optical system and putting in a directional lamp

Replacing a 12K hr lamp w/a 50K lamp _—

26 watt ~= 13 (14.5) watt

&

But...

Elighting design lab



But... CFL to LED replacement- Check compatibility

“LED replacement for CFL plug-in.
LED plug-in lamps allow you to
replace inefficient CFL 4 pin
G249/GX24 without tools or costly
upgrades. Simply plug the = :.
replacement lamp into the /
existing ballast.” ;

Elighting design lab



Last Updated
9/1/2015

GE LED Plug-In (4-pin) Ballast Compatibility List

IMPORTANT NOTICE. This list is based in part on information provided by the ballast supplier, and
testing was done on a stable AC power supply under laboratory, which may not be representative of
your particular end-use conditions. While each ballast type listed has undergone testing, some have
undergone revisions that may change operating parameters and impact lamp performance.
Applications and conditions of use are many and varied and beyond GE's control, so purchasers and
users should make their own determinations as to the suitability of a lomp-ballast combination for
their own particular application and use. Compatibility may also extend to ballasts beyond this list,

so performing an on-site test before installation is recommended.

Advance
Advance

ICF-2526-M1-BS
ICF-2526-H1-LD*

Advance
Advance
Advance
Advance
Advance
GE Proline
GE Proline
GE Proline
GE

GE

GE

Hatch
Hatch
Howard
Howard
LumaPro
LumaPro
LumaPro
LumaPro
Robertson
Sylvania

Sylvania

Sylvania
Triad
Triad
Triad

ey

ICF-2513-H1-LD*
ICF-2518-H1-LD*
ICF-2518-M1-BS*
1ZT-2526-M5-LD*
ICF-2526-M1-BS-Q5*
GEC226-MVPS-BES
GEC226-MVPS-3W
GEC226-MVPS-SE
GEC218-MVP5-3W
GEC218-MVPS-BES
GEC213-MVP5-3W
HC213PS/UV/D
HC226PS/UV/D
EP2/18CF/MV/2
EP2/26CF/MV/2
4KGJ7

16K954

16X959

4KGJB
PSM226CQOMVDWCE
QTP 2x26CF/UNV 5 PEM

QTP 2¥26CF/UNV DM
QTP 1/2x18CF UNV DM*
C2642UUNVSE

C2642UNVME
C218UNVME

I compatible [l Mot compatible

*compatibility may vary per revision

Information is subject to change without notice

[ts supposed to

work...

ntelliV

26W Triple:

(1) 33W Triple: (1) 42W Triphe

Bhaxs (1) 12W or 40W TS Circline: i1}
%nmmmmbﬂl“"“‘"

Ay

WARNING: Tnwinll in sccordamce wh

Nationsl s Local Electrical Code. use

1k AW Salid Copper Wire. Sisip wire i
M_..ﬂ_ﬂﬂdﬂh

w il

——

ﬁlighting design
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Humm...

IMPORTANT NOTICE. This list is based in part on information provided by the ballast supplier, and
testing was done on a stable AC power supply under laboratory, which may not be representative of
your particular end-use conditions. While each ballast type listed has undergone testing, some have

undergone revisions that may change operating parameters and impact lamp performance.
Applications and conditions of use are many and varied and beyond GE’s control, so purchasers and

users should make their own determinations as to the suitability of a lamp-ballast combination for
their own particular application and use. Compatibility may also extend to ballasts beyond this list,
so performing an on-site test before installation is recommended.

Ballast

120V 277V 120V 277V

Advance  ICF-2526-M1-BS I N D —
Advance ICF-2526-H1-LD* I R B R
Advance ICF-2513-H1-LD” -

Advance ICF-2518-H1-LD*
Advance ICF-2518-M1-BS*
Advance 1ZT-2526-M5-LD*
Advance ICF-2526-M1-BS-QS*
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is the perfect replacement for high maintenance
compact fluorescent lamps. ESL Vision's PL series features 110 lumen per watt, 85 CRI,
and a wide range of bases to work in an array of applications.

= Horizontal Base Recessed Cans
= Wall Sconces
Ceiling Mounted Standard Base (E26) Fixtures

« Up to a 75% Energy Savings

. Comeatible with Most Fluorescent Ballasts*
» Rotatable Bases

» Upto 110 Lumens per Watt

= 85+ CRI

= Mercury Free

= 5 Year Warranty

» Maintenance Free

There is

always

some fine print.

m *For maintenance and energy savings reasons ESL Vision recommends bypassing all h-allasts@:—r permanent operation
Ll -

*For maintenance and energy savings reasons ESL Vision recommends bypassing all ballasts for permanent operation
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What about a retrofit “kit"?
What has changed?*

*Note the lens
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CFL replacement products.
Wire in, recessed light source.

Improved optics, LED advantages
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The HID Opportunity- 2% of the sockets, 26% of the lighting energy in US

Mogul based HID lamps are used in a mere 2% of lamp
sockets in the US, but in 2010 HID lamps used 26% of the
lighting energy in the United States and are second only to
linear fluorescent lamps for lighting consumption. *

3 1"\ r
§iz:a|

-

*Mogul based LED replacement lamp study
Conducted by the Lighting Research Center, Rensselaer Polytechnic Institute
Prepared for Bonneville Power Administration and Washington State University Energy Program
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Optics- bullt around a point source

Glare control
e High degree possible

o High degree needed

Distribution
e High precision possible

Infrastructure investment

Luminaire efficiency
e Influences system
lumens and delivered
light

Point source = Metal halide

Elighting design lab



Brightness and size

This is not strictly the case with LEDs.
But there is a relationship, so higher lumen
needs, usually result in a larger size.

10X

~760 lumens
/ watt

~7800 lumens
75 watts

-
x
-3
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Different HID optical systems
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http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMijzNHEx8cCFRCciAodylsF7w&url=http://www.nextlighting.com.sg/&ei=pxreVYi0EZC4ogTKt5X4Dg&psig=AFQjCNFmDTLgF5XewbX5F2liXwHihff_kA&ust=1440705569124181
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMD36qjPx8cCFRZ-iAodP84DpA&url=http://www.amazon.com/Light-Efficient-Design-LED-8030M42K-Retrofit/dp/B00FF7XU9G&ei=2iXeVcCiJJb8oQS_nI-gCg&psig=AFQjCNF6QY7hOXW8c1Dh0__4kPFKUWLgkw&ust=1440708305968038
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNvt-4PEx8cCFceUiAod0ugLbA&url=http://www.lighting-spot.com/hid-led-1000-watt-retrofit-5500k-480v.html&ei=BBreVdvbHcepogTS0a_gBg&psig=AFQjCNH0te3zahC3y2wqS66ZMzPlApNrKA&ust=1440705304188178
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNvt-4PEx8cCFceUiAod0ugLbA&url=http://www.lighting-spot.com/hid-led-1000-watt-retrofit-5500k-480v.html&ei=BBreVdvbHcepogTS0a_gBg&psig=AFQjCNH0te3zahC3y2wqS66ZMzPlApNrKA&ust=1440705304188178

Reflector and lens type

Translucent Solid
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Directional lamp vs omni directional.
In some cases it may not matter.
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Directional retrofit for an omnidirectional decorative fixture

Sometimes appearance does matter.
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Industrial retrofit
case study

PETTRIITIIL

Model is 226’ x 65" with 72
ceiling (est. from plans)

frifeen el e o e b ey Ay e s o e e s L e o e s e s e s e e A Tl a et e e oo ]
R e ] A B i b S SR K Erp B R e e e

BiEkL =

=
[osa]| [ 1

: E—— Al LICHTING SYSTEM =
= Sem o emommenen | GENERAL LIGHTING OF |2
+ OPERATING FLOOR

b
e

[Glighting design lab



Fixture Wattage Av Max/Min LPD | Fixture Notes
Model summary ge | Avg

FC* guantity
Mercu ry Va por Merc. Vapor 400/ 465 |30 21:1 2.0 |64 Luminaire= 84%
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1.5 23.4 25.0 2E.7 ® 34.5 35.2 35.4 35§ 3T 3IT.7 3IT.E 5.7 5.8 3E.@ 3E.@ L@ 3E.E 3E.7 3E.§ 357 3E.§ IL.E 5.3 0 26.3 24.5 22.6 20.%
o] a o Lo o o] aQ o
71.5 23.8 I5.5 2.2 1 35,6 35.5 3E.0 3E.2 FE.3 IE.D OIELE BE.4 BELE BE.E OBE.E BE.E ZE.E BE.4 JE.F JE.3 N6 6. RELD .5 ZE.T 24.8 2Z.5
w
2.0 23.5 I5.E 27.3 3 35,8 36.1 3E.2 3E.4 6.4 IE.F IE.T FELE BE.T BE.T FE.E FE.T FE.T FE.E .7 FE.E 6.4 6.4 D62 7 2E.8 34.5 22.5
Ein?al . T [ Paleor [ Pendant Mounted 2 2E.E 2E.4 6.4 FELE BELE OZELE IE.4 ZE.4 2E.4 ZELD 6.2 FE.2 26D B 2.3 24.3 ‘a:.xla.n
abel | 400M-hps-i1-3sc | Tas | e @ @ @ @ a a
Description |TH 4005 417 [LEG 4, 5C=1.3) j Defaults... 'S ,— E 35.7 35.7 35.7 35.8 35.8 35.8 357 357 357 35.6 35.5 355 353 .0 2.2 24.6 2z.8 20.%
D efinition
Arrangement Symbols 4 I4.E T4.5 F4.E I4.E I4.E I4.E FE.E IE.5 FEOE F4.4 F4.3 B4 B4l i ¥5.5 335 F2.2 P05
Lumens Per Lamp 2500 Wenlzer @6 Lemps [ SINGLE CIRCLE DOWN Render Mode
Luminaire Lumens 18974 Efficiency (%) a4 e @ Housing |l 0 3.0 3.0 9.1 BIL1 OII.1 OBE.1 331 OBI.00OE3IL00 B30 EF.5 3.5 RILE LI ] -1
Luminaire Watts  [465 5/P Ratio 1 . o] @ [0} o3 @
Luminous [ |13 ™51z w1.z 31z @1.z w1z =13 od.z o3l.z Gl.z F1.1 3.0 1.1 F0.E E 231 N-
Total LLF 0240 Specify. ..
CIRCLE DOWN Model Mad
5% Y z A Length | pasitlons 0 25.1 23.1 25.1 5.2 25.1 5. 0 3.1 25.0 28.3 2E.5 2E.7 28.5 28.4 2E.0 27.6 27.1 2E.5 E5.B 24.5 23.5 2.3 21.% .2
Luminous Box: LLHC .07 |07 [-0.01 Line ‘#fidth/Calar I
el — Project 1
URHC Fixel =27 . rrojec 1
07 o7 o Calc Pts
Phatometric: File = 5 o Yalue
Description 1 Clazsification 1 LCS More Information... * Candela LCS [F':] Color Color HDDITI_WDFkFI'EIFIE

Filename: C:4ProgramD atatAGl 324 PhotometricD ata_FilestLithania Lighting lurninakice [FC]

»
o
=

Egmﬁ?&zcuw BRANDS LIGHTING CONYERS LAB fwerage=30.25 Maximum=36.7 Minimum=17.2
ISSUEDATE] 1/24/2014 3 s |50 | Awghin=1.76  Man/Min=213
MANUFAC] Lithonia Lighting £

LUMCAT] TH 4005 417 [LEG 4, 5C=1.3)

LUMIMAIRE] PREMIUM DPEM HIGHEAY WITH ALURMIMNUKM REFLECTO
LAMPLCAT] LU400

LatP]ONE 4004ATT CLEAR ET-18 HIGH PRESSURE SODIUM, VER
IESMA-LM-E3-2002 ArealSqft)=14690 Total'w attz=29760 LFD
[TESTDATE] 1/31/2008 - [/ atts/Sq =2 026

Fl (11 3
Mare...
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Fixture Wattage | Avg Max/Min | LP | Fixture Notes

Model summary FC* b | quantiy

: M Merc. Vapor 400/465 | 30 21:1 20 |64 Luminaire= 84%
Light Efficient i

DeSig N- Fixtu re Light Efficient 160 35 21:1 0.7 | 64 Retrofit existing.

Dsgn. Luminaire= 84%

retrofit efficient
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1.4 }ia! 250 32.7 33 5} 4.2 4LE '!El 35.3 35.4 ﬁ 7 35.7 135 HG}!! 5 35.8 1% ® 35.% 35.% !BE 35.5 35.8 B 5 35.7 3% EG?' 7 35.4 13k é} 350 345 "’El 335 }G.@ 3.2 71.32
22.7 24.7 2E.5 34.€6 35.4 3E6.1 3IE.6 37.1 37.3 3I7.%5 37.8 37.7 37.8 37.% 37.% 3I8.0 38.0 3I8.0 3IB.0 3E.0 3I7.§% 7.5 37.8 3I7.7 37.7 3I7.85 37.2 3I7.0 6.5 3E.0 35.4 2.2 24.4 122.%
General [~ Palear [T Pendant Mounted 7.0 27.2 5.3 233
Label 400-L-E-D--1-3sc ~| Tag ,—
| J | £ 28.2 F8.0 5.5 33.%
Deseripion  [TH LED-Retro - Defaults... r
| J 38.5 8.4 5.8
= -
Dsfirition Anangement Symbals 38.1 2.5 257
Lumens Per Lamp  [13574 Nz O llems | SINGLE CIRGLE DOWN Render Mode o C
Luminaire Lumens 11648 Efficiency [%) 04 @ Housng [l EER w35 zEZ 0.6
L . i @
Lurninaire ' atts 1E0 5/P Ratio 1 P ,— - ua.1 2E.1 2.4

Total LLF 1.000 Specify...

33 3 3 3 27.3 2%5.4 23.%
CIRCLE DOWN tModel Mode
5 s z mmLengtth_ 97.7 7.6 7.7 7.8 7.8 7.5 7.8 7.5 I7.8 275 37.8 7.8 7.7 IT.E I7T.E I7.& 7.1 IE.E IE.4 Te.0 353 26.3 24.4 Z2.%
Luminous Bow LLHC [G7 7 o Lires Width/Color 37.7 37.6 7.7 37.8 7.8 7.8 .5 .5 7.5 9.5 3I7.8 7.8 I7.7 .6 .6 7.4 7.1 6.5 .4 6.0 353 . 2
: ' : P! @ @ @ @ @ @ @ @ @
UHHC |D? |D? |D PIHB' _'I . B5.E 3I5.6 35.6 35 B 357 35 B 35.8 3I5.8 35.8 358 35,7 357 35 355 35§ 353 351 i!ﬂ.E 4.4 4.0 334 32 . 24.8 23.2 ¥1.3
531 33 Sz wns i3 3 wie w3 wie w2 iz vns iz w1 i we s Project 1
Photometrlc F||E_. : r\- (—\- 33.1 33.1 33.2 33.3 33.3 33.3 3.4 33.3 33.4 33.3 33.3 3.3 3.2 33.1 .1 2.8 2.7 m::w I
Description T Classification T LCS \I ww * Candela LCS
Filename: C:%PragramD atatAG132%PhotometricD ata_FilestLithonia Lighting = Yalue Value HDDI_'ﬂ_WDrkDLEII"IE-'
[TEST] 11502 (Fc) Calor (Fc) llluminamce [Fc)

[TESTLAB] ACUITY BRAMDS LIGHTIMG COMYERS LAB

Eggﬁbﬂggfﬂqﬁznus ; ) |3D7 - ArealSq.ft=14690 Total'wWattz=10240 LPD
y e - [/ atts/S . f1=0.637

| More...

_ Ayverage=34.63 Maximum=42.0 Minimum=13.7
ISSUEDATE] 1/24/201 4 3 ! !

[MANUFAL] Litharia Lighting 50 - 20 dyg/Min=1.76 Max/Min=2.13

ILUMCAT] TH 4005 A17 (LEG 4, 5C=1.3) 50 | m

(LMY UM REFLECTO

[LAMP by ’ ¥

[LAMP] DME 400WATT CLEAR ET-12 HIGH PRESSURE SODIUM, VER 40 e 5
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Model summary
Cree CXB- New

Fixture

Wattage

Avg
FC*

Max/Min

LP

Fixture
quantity

Notes

Merc. Vapor

400/ 465

30

21:1

2.0

64

Luminaire= 84%

. efficient
letU reS 1 fO r 1 - e 914 w2c -| Cree-CXB 227 80 23:1 1.0 64 New fixture —
. Replace 1 for 1
64 fixtures e
5 ¥5.5 BE.0 BE.2 BE.2 BE.4 BE.Z BE.4 BE.4 BE.4 BE.5 BE.3 BE.4 BE.3 HWE.5 BE.4 BE.3 BE.4 BE.Z WE.3 HE.1 BE.Z BE.5 BE.4 B4.8 BIE B1.E 75.1 7E.0 %n.2
€3.3 €B.0 72.4 7E.4 80.27 B3I.€ BE.2Z BA.3 B5.7 S0.4 51.3 51.2 1.4 B1.7 51.4 51.4 B51.7 B1l.4 51.5 B1.6 B1.6 B1.6 Bl.E 1.6 B1.7 1.4 51.4 51.€ 51.3 51.1 51.2 50.2 85.5 8.2 BE.1 BI.E BO.O X314
6.0 70.5 74.8 75.2 ¥3.3 BE.E ¥S.E §1.5 §3.0 4.4 S4.7 5.1 5.1 55.3 5S5.1 5.1 B5.2 H5.4 55.1 S5.1 H5.3 H5.1 §5.1 85.3 5.1 5.1 §5.1 §5.1 S5.0 55.0 S4.6 S4.3 §3.5 51.7 B5.4 BE.4 BI.1 x3.7
5 | r O] G 1] ] [0} o] o] o O] [0}
L:bnjra 5 = T | [ Poleor [ Pendant Mounted 7.7 B1.7 BI.5 $7.7 7.7 BI.5 $7.3 57.€ §7.3 $7.3 $7.2 57.2 BE.8 BE.5 55.7 538 B1.5 B5.0 B4.5
ree - o ,_
Description |E><B-23L-4DK-:<-:<:< j Defauls ~ l_ 5.4 S8.4 56.3 S5A.4 5.3 S8.3 S6.4 SA.0 5A.0 SA.3 SE.0 SA.0 57.5 7.3 5E.3 54.5 52.7 B5.E BE.S
Definitian o CHE 7.6 7.6 57.4 B7.€ 7.6 §7.4 7.3 5I.E 57.2 §7.2 57.1 57.1 BE.7 BE.4 BE.E 53.8 51.8 BE.5 B4.E uE. 8
Lumens Per Lamp .4 B SINGLE CIRGLE DOWN Rendsr Mode ® @ e @ @ ®
e b s Efficiency (%] i _ 50 S50 551 S50 S50 553 550 545 54.5 S50 54 B 545 544 54,1 534 516 HS.3 HE.3 BHIO LT
i . —p @ Housing [l
Luminaire \Watts  [257 43 5/F Ratio 1 Luminous [ 1.3 1.4 %1.4 51.4 §1.3 §1.4 S1.4 51.1 51.1 1.4 51.1 50.5 51.0 B0.0 BS.3 BA.O BE.5 BI.3 75.5 ¥3.2
Total LLF i
1.000 R T Model Mod E.2 BE.OD BE ®E.0 BE.2 BE.1 BE.0D BE.1 BE.5 BE.0 BS.E BS.5 BE.E BE.1 B4.5 BI.3 Bl.2 TE.E 75.8 £0.2
Am Length [ | | [CIRCLE DO odel Mode
= i B @ @ 2 @ & @ @
Luminous Bow: LLHC |-D.555 |-D.EEE |-D.D1 f Line Width/Calor 0.2 B0.1 BO0.Z BO.1 BO.1 BO.2 BO.1 BO.E BO.1 BO.1 V5. 75.5 75.E J‘ﬂs 1 98.= 77,4 7=.03 93,4 70.E 4E. 3
Fizel =
URHC Joges  |oese |0 = - 3.5 Y35 Y37 YIS VI.E 3T 3.5 3.4 3.4 T35 3.4 7I.Z i1 E"i. E;i 1
alc 5
Photarnetric: File = P
Description T Classification T LCS = CElelsk
Walue Walue Roaorn_workplane
Filename: C:sUserssstrandeiDesklophDocurnentsya GI5Diablo4 ES_File5F - y v [Fc) Calar [Fe) Calar lIurminance [FC]
[TEST] PLO3T88-001 i . L.
[TESTLAE] Cree-RESTL = % Awerage=0018 Maximum=324 Minimum=42.7

[ISSUEDATE] 2/27 /2014

[MaNUFALC] Cree Inc

[LUMCAT] CB-23L- 40K -=-x

[LUMIMAIRE] Gray painted metal driver housing. Gray painted finned met
[LAMP] 12 T arays

AvgdMin=1.88 Max/Min=2. 30

IESHALM-E3-2002
[OTHERMeasurement orientation: B aze up

[DTHER]5 erial Mumber: n/a ArealSq.ft)=14630 Tatal wattz=1455873 LPD
Pt : [/ atts/5.ft)=0. 391

hare. ..
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Model summary- Industrial retrofit case study

Fixture Wattage Avg FC* | Max/Min LPD Fixture Notes
quantity
Merc. Vapor 400 / 465 30 21:1 2.0 64 Luminaire= 84% efficient
Light Efficient Dsgn. 160 35 21:1 0.7 64 Retrofit existing. _
Luminaire= 84% efficient 64x3$300=
$19,200
DEG-LED 220 40 20:1 0.96 64 Retrofit existing.
Luminaire= 100%
efficient
Cree- CXB 227 80 23:1 1.0 64 New fixture
Replace 1 for 1
Cree- CXB 227 42 22:1 0.53 34 New fixture
Eliminate ~ 50% of 34x$550=
existing fixtures $18.700
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Pop Quiz- Before doing a LED lamp only retrofit,
always check to see which of the following?

» That the fixture is in good
shape.

= That the lamp is compatible
with the electronics (ballasts
and existing controls).

= That the optics are appropriate.
= That the utility is agreeable.

= That the customer has enough
money...

Nglighting design lab



Luminaire Level Lighting
Control (LLLC) and
Networked Lighting Control
(NLC)

Presented by Eric Strandberg LC
Summer, 2020

\1/4

Courtesy; Acuity, Enlighted
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Why use lighting controls at all?

Save energy costs
Save on maintenance cost

Elighting design lab



Which lights to c

e

ontrol and how?

T

It shouldn’t be
all or nothing.

Elighting design lab



Is this space "occupied”

Lights on
when
occupied.

What is
wrong with
this picture?

Elighting design lab




Is this space lit?

Productivity and
security are
important factors
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Varying tasks and a variety of lighting conditions.

Intensity
Occupancy
Daylight
Preference
Tasks

ﬁlighting design lab



What kinds of control?

On/Off switches
Manual dimmers
Occupancy sensors

Daylight sensors
Time clocks

([.

[l

@

k
L

e |
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Setting a wall box device
So simple, just one button

OPERATIONAL SETTINGS

NQOTE: (*) Indicates factory default (unless otherwise marked)

2 = Occupancy Time Delay
Time sensor keeps lights on after last occupancy detection.
1 30sec 4 75min 7 15.0min 10 30.0 min
2 25min 5 10.0 min* 8 17.5 min
3 50min 6 12.5min 9 20.0 min
For additional time settings, contact technical support at
1.800.PASSIVE

—3 = On mode
Automatic On tums lights on when occupancy is detected. Manual On
requires a button press to tum the lights on. Reduced Turn-On directs
the sensor to only detect large motions, such as a person entering
a room. Weaker signals, such as reflections from glass, are
ignored. Once lights are on, the sensor returns to maximum
sensitivity.

1 Automatic On* 2 Manual On™

* Standard Factory Default
** Factory Default for -SA and -NL versions

4 = Switch Modes

These modes dictate switch functionality. Pressing the button
in Override Off mode (setting 1) turns off and keeps lights off
until pressed again. Disabling the Switch (setting 2) prevents the
button from turning the lights on.

3 Reduced Turn-On

Predictive Mode (setting 3) automatically determines if a user
has left the room after the lights are switched off. It does this
by monitoring the space for a period after the button is pressed
(Predictive Grace Time), following a certain delay (Predictive
Exit Time). If occupancy is detected the device will disable
auto-on and hold the lights off until manually switched. If no
occupancy is detected the sensor instantly reverts to auto-on
mode. (continued next column)

If Predictive Mode with Expiration (setting 4) is enabled, once e
the sensor has disabled auto-on it will continue to monitor the

space. When no occupancy is detected for a duration equal to the
occupancy time defay, the sensor will revert to auto-on mode.
1 Override Off ™
2 Switch Disable
3 Predictive Mode
4 Predictive Mode with Expiration™
* Standard Factory Default
** Factory Default for -SA and -NL versions

5 = Photocell Set-Point

The ambient light level at which the sensor prevents the lights
from initially turning on. Once on, the lights will remain on until
the occupancy time delay expires and turns them off.

1 Disabled* 6 4fc
2 Auto Setpoint 7 8fc
3 05fc 8 16fc
4 1fc 9 32fc
5 2fc 10 64 fc

Note: Sensor will be changed to Automatic On mode if photocell
is enabled. Photocell not present in -NL versions. LED flashes
while Auto-Setpoint mode is running.

7 = LED Operation
Indicates behavior of device's LED.
1 Occupancy Indication® 3 Disabled
2 Relay Indication 4 Override On™™*

*Standard Factory Default

9 = Restore Factory Defaults
Returns all functions to original settings.
1 Maintain Current” 2 Restore Defaults

*** Factory Default for -NL version

after each switch on,
met, lights resume

5 60 min

od

1#rn AFF that thays ran ha

‘s

15 sec;"

12 = Dual Technology (Microphonics™)
Relative responsiveness of Microphonics detection. Included in
-PDT versions only.
1 Normal”
2 Off

3 Medium
4 Low

5 Phase Off
(15-10-5 min)

13 = Microphone Grace Period
Time period after lights are automatically turned off that they
can be voice reactivated. Included in -PDT versions only.

1 0sec 3 20sec 5 40sec 7 60sec

2 10sec® 4 30sec 6 50 sec

15 = Predictive Mode EXit Time
Time period after manually switching lights off for occupant to
leave the space.
1 5sec 3 7sec
2 6sec 4 8sec

7 15sec
8 20 sec

5 9sec 9 30 sec

6 10 sec”

16 = Predictive Mode Grace Time

Time period after Predictive Mode Exit Time that sensor

rescans the room for remaining occupants.
1 Osec 3 10sec 5 30 sec”
2 Ssec 4 20 sec 6 40 sec

7 50 sec
8 60 sec



Programing each occupancy sensor
PROGRAMMING INSTRUCTIONS

Operational settings can be changed via the push-button sequence outlined below (note the example used is for changing occupancy time delay).

e.q., press 2% for

Occupancy Time
WRESS g @

flashes -
hal:k_l:lll'l‘!ﬂt ]

LN I
H. | >
= FLASH=d = |

GHOLD BUTTON

There is only one
button to do

g s everything...
'S'E TT‘“ ta7.5 rg'lmn y g

PROGRAMMING
LED FLASHES
CONFIRMATION [l pe==
TWICE
COMPLETE
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e.q., 5 flashes Is default
10 min time delay

SRESS

- LB
While LED S e
flashes back new E i ;H HES
setting 10x... 0 "P-l ] lf >
_ iR =

e.q., 4 flashes S HDL“ [ .

indicates new
7.5 min time

delay setting r B SA“E

e.0., press 24 to
saveand exit




SmartCast

J— = Self-programming
wireless lighting

| ' //
| : C E ] : control
L AN

= |ntegrated sensors
—— == = Daylight harvesting
= Task tuning
H_J»\‘ = One button set-up
- Automated luminaire

association and
configuration

m

CREE&
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NLCS can have;

Graphical User Interface (GUI) to make programing easier

9 FXLuminaire e

AR . -
Awning (1) »

<SAcuityControls.
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Why use controls?.. Energy Codes

WASHINGTON STATE ENERGY CODE,
COMMERCIAL PROVISIONS

FIGURE C405.2.4.2(1)
DAYLIGHT ZONE ADJACENT TO FENESTRATION IN A WALL

Lighting
systems shall be pr Dvlded with controls as specified in

Plan View
Sections C405.2.1 through C405.2.8,
[ P ———
| window  Dpogue trakin
' Fiead Heght .h“1hmmuw‘duwl-nl'rf
C405.2.4 Daylight responsive controls. Daylight B —
responsive controls complying with Section C405.2.4.1
shall be provided to control the lighting within daylight
zones 11 the following spaces:
Cy 1 . : . : . B e Secondary
1. Sidelight daylight zones as defined in Section i v
C405.2.4.2 with more than two general lighting
fixtures within the primary and secondary
sidelight daylight zones. _
" , L ‘ . . . 4 — |
2. Toplight daylllght zones as defined in Se(.:'ElOl.] L, ‘i
C405.2.4.3 with more than two general lighting Sl
fixtures within the daylight zone.

Computing the secondary sidelighted area.
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Office plan controls
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Office plan controls
Daylight zones
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Office plan controls
Daylight zones- Primary and Secondary

O o g
”,4“" p "“ Moo - n_——‘ F' vt\ & —
A > Y " W =i - M} “ ‘ ‘: .
4 [ | — i
, ) _
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Why use controls- Energy Codes

WASHINGTON STATE ENERGY CODE,

COMMERCIAL PROVISIONS

C405.2 Lighting controls (Mandatory). Lighting
systems shall be provided with controls as specified in
Sections C405.2.1 through C405.2.8.

(C405.2.1 Occupancy sensor controls. Occupancy

sensor controls shall be installed to control lights in the
following space types:

1.

—_ = AD 00 =0 OY s W D

—_

Classrooms/lecture/training rooms.
Conference/ meeting/multipurpose rooms.
Copy/print rooms.

Lounges.

Emplovee lunch and break rooms.

Private offices.

Restrooms.

Storage rooms.

Janitorial closets.

Locker rooms.

Other spaces 300 square feet (28 m”) or less that
are enclosed by floor-to- ceiling height
partitions.

. Warehouse spaces.

High Bay
360°
Top View

Side View

91m 6.1m 3m 0 3m 61m 91m
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Office plan controls
Occupancy zones
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Office plan controls
Occupancy zones- Open Office too
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Office plan controls
Corridor/ Egress path
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Office plan controls
Combined- It gets complicated.
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Combining Control Strategies

| uu\r*

Room empty lights on. Room empty lights off and lots of daylight.

Not good. Good, but what happens when room is
occupied?
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Combining Control Strategies

Occupied, daylit, lights off...success.

ﬁlighting design lab



C405.2 Lighting controls (Mandatory). Lighting
systems shall be provided with controls as specified in
Sections C405.2.1 through C405.2.8.

Exception: Except for specific application controls
required by Section C405.2.5:

1. Areas designated as security or emergency areas
C on t o I S that are required to be continuously lighted.

. 2. Interior exit stairways. interior exit ramps jand

Exce pt' O n S exit passageways.

Emergency egress lighting that is normally off.

4. Industrial or manufacturing process areas, as
may be required for production and safety.

5. Luminaire-level lighting controls (LLLC) that
control interior lighting. The LLLC luminaire
shall be independently configured to:

5.1. Monitor occupant activity to brighten or
dim its lighting when occupied or
unoccupied. respectively.

L4l

LUMINAIRE-LEVEL LIGHTING CONTROL. A lighting 5.2. Monitor ambient light (both electric light
y _ ) L oy and daylight) and brighten or dim electric
system consisting of one or more luminaire(s) with i 2 o
o _ _ ight to maintain desired light level.
embedded lighting control logic, occupancy and ambient 5.3. Configuration and reconfiguration of
light sensors, wireless networking capabilities, and local performance parameters. including bright
G'Ere].].lde ST\NltCh].D.E Capablllty and dim SEtpOiJ]TS.. ti]lle-UlltS. dil]llnj_'[]g._

fade rates, sensor sensitivity adjustments.

and wireless zoning configurations, for
each control strategy.
5.4. Meet the operational and commissioning
requirements of Sections C405.2.1, 1g design lab
C405.2.2. C405.2.3. C405.2.4, and C408.



Each fixture has its
own controls?

That could never
happen...




Individual controls
Is not a new idea

R SN

Each fixture has a Photocell.
They each do their own thing.
What about interior?
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Individual controls
High-bay

a
A
il
ﬂ'l
ol [
-rq i
- “.ﬂ
g
""-H_lq.:.l
]
e ] i

Each fixture has an Occupancy Sensor
Why couldn’t we do this in the past?
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What if each fixture had its own controls in an office?

Offices have a lot higher fixture density per Sq. Ft.

Elighting design lab




Convergence of Technologies and Timing

Miniaturization of Control Devices
Not the price...

Controllable Light Sources

Higher Data Bandwidth Y

e

e

ASHRAE
/.

More demanding Energy Codes
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What are the advantages of LLLCs

- More savings due to higher granularity
- No rewiring needed due to wireless functionality
- Ability to re-zone if area use changes

Elighting design lab



Lighting is a handy place to put these devices

Because its everywhere, and it has power already
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LLLC = High Granularity. Traffic patterns
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Traffic patterns-
Night- Minimum lighting for egress at 10%
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Traffic patterns-







Traffic patterns-
Daytime- ambient to 30%, traffic to 90%, daylight zone off if ok

It is summer




Traffic patterns-
Daytime- ambient to 30%, traffic to 90%, daylight zone off if ok

It is summer... and
almost everyone is
on vacation.




LLLCs don’t have to be troffers.

What control effects do you see?
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Pop Quiz- The most effective retrofit luminaire:

mm o0 ® P

Is energy efficient.

Has appropriate color qualities.

Puts light where it is needed.
Has low operating costs.
Is controllable.

All of the above.

ﬁlighting design
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Seattle City Light HoME YOURBUSINESS -  YOURHOME -  RENEWABLE ENERGY -  QUICK LINKS -

Find a solution that is right for your business.

NW Utility

Incentive
| Programs

LARGE COMMERCIAL & INDUSTRIAL BUSINESSES

Call 206.684.3800
Email SCLEnergyAdvisor@seattle.gov

Conneact with an Energy Advisor to help you better understand energy options, navigate your
choices, and create a plan that helps your home or business save energy and money. Conservation,
energy efficiency and smart energy choices are within reach.

ﬁlighting design lab
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SOUND Q
ENERGY RESIDENTIAL BUSINESS £~ SIGNIN S PAY BILL {} OUTAGES Search Q

Account & Billing Customer Service Safety & Outages Products & Green Options Who We Are

NW Utility
Commercial lighting incentives Incentive

Save on upgrades to energy-efficient business
“g htmg pg gy ASK AN ENERGY ADVISOR P rog ra m S

If your business is looking to save money by improving its overall energy efficiency, lighting Have questions about PSE's green
is a great place to start! With PSE's commercial lighting incentives on energy-efficient
equipment and instant discounts on LED products, you can affordably reduce your
business's energy expenses.

options, including energy efficiency tips
and rebates, electric cars and other
renewable energy options? We're here to

help.
Our current commercial lighting programs include:
( CONTACT US NOW )
Business Lighting Incentive Program
@ VIEW OPTIONS >
v

Lighting To Go instant discounts

Lo
* L
-

VIEW OPTIONS >

If you need help with your application, call an Energy Advisor at 1-800-562-1482, Monday
through Friday from 8 a.m. to 5 p.m.

.'."

Host a bulb recycling collection box

@ VIEW OPTIONS »

= ﬁlighting design lab




SNOHOMISH COUNTY PUBLIC UTILITY DISTRICT NoO. 1 Customer Service (M-F 8a-5:30p): 425-783-1000 Q search

v RESIDENTIAL ~ BUSINESS * CONSERVATION ~ EDUCATION ~ POWERSUPPLY ~ YOURACCOUNT

> Overcast, 56° WATER  SAFETYBRELIABILITY ~ CONSTRUCTIONS BIDS NEWSROOM  VIDEGSW CAREERS ABOUT US NW l 'ti I ity

TN = | Incentive
e N Programs

> For Your Business

Business
2 LG T Energy solutions tailored for your business! Customer Service:

Savings for Your Business Type
(click here) 425-783-1000

(M-F, Bam to 5:30pm, except for holidays)

> Business Energy Advisor

> Rebates & Incentives

» For Small Businesses
> Storm & Outage FAQs

» Carbon Solutions
Rebates & Investing in energy-efficiency upgrades and Toll-free:

Incentives incentive programs will save money for the 1-877-783-1000
We Help Lower Your Bill! ESSTeiTga)

(click here)

» Energy Efficiency Tools

> Business FAQs

> Troubleshooting Western Washington & outside Everstt

> Real Estate / Easements
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TACOMA PUBLIC UTILITIES

~— |
- —
T =c S

Home

Save Energy & Money
Billing & Payment
Customer Service
Contact Us

For Your Home

Rebate Forms & Information
Save With Lighting

Save With Custom Retrofit
Save With New Construction
Save With Food Service
Save With HVAC

Save With Advanced Rooftop Unit

ontrol
Save With Power Strips
Save With Compressed Air
Save With Tax Credits
Hiring A Contractor - Business
Energy Bill Profile
Walk-Through Energy Audit
Commercial Strategic Energy
Management
Start, Stop or Transfer Semvice
Understanding Your Bill
Deposits
Late Payments
Permits For Your Business
Economic Development

> Save With Lighting

Bright Rebates Program

(253) 502-8619

Updating your lighting is one of the most cost-effective
options for saving money and energy - it may also
reduce maintenance and operation costs in your
business.

With Bright Rebates, you can get a rebate for up to 60%
of the project cost. You will also enjoy monthly savings
on your electric bill.

Rebate-Eligible Changes Include:

- Incandescent o CFL or LED fixtures and lamp
replacements

« T12to T8 or T3, Hi performance T-8, or LED fixtures
or retrofits

« Magnetic HID to electronic ballasted HID, fluorescent
or LED

- Incandescent to LED exit signs

« Occupancy sensors/lighting controls

Update Your Lighting & Save

There are several options for updating your lighting. Start exploring the best option for your
space by reading our

NW Utility
Incentive
Programs

Residential: (253) 502-6363

Multifamily & Condo: (253) 502-8363

= Email: Multifamily@CityofTacoma.org

Business: (253) 502-8619

= Email: BizRebates@CityofTacoma.org

= Email: RConservation@CityofTacoma.org




lighting"

'desiEn 2018 Fall Classes and Workshops REGISTER
Mission Gallery Newsroom  Our Team  LEDList | |@
Resources

Northwest Utility Programs

Or you can just go to
our web site to find
view website Energy Trust of Oregon - Incentives the Ilnks and Iots Of
View Website Idaho Power - Savings Othel’ great Sthf!
TSN Pacitic Power - Washington lightingdesignlab.com

View Website Pacific Power — Washington wattsmart Business Vendor network (for trade allies)

View Website BC Hydro - Incentives

View Website Portland General Electric - Savings

View Webpsite Puget Sound Energy - Contractor Alliance Network (CAN)

View Website Puget Sound Energy - Incentives

View Website Seattle City Light - Business Services

View Website Snohomish PUD - Business Support

XY

lab

g
=

glighting des

View Website Tacoma Power - Rebate Program
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And now — a few words from LDL
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Upcoming LDL Online Events

LDL Course Delivery Date Time
Introduction to Codes and Standards August 25 10:00 — Noon
Promoting Enerqy Efficient Lighting Systems September 8 10:00 - Noon
What Went Wrong? September 22 10:30 - Noon

Today'’s slide deck and previous online courses
can be found on our website

Elighting design lab


https://www.lightingdesignlab.com/resources
https://www.lightingdesignlab.com/introduction-codes-standards-2-hr-online
https://www.lightingdesignlab.com/promoting-energy-efficient-lighting-systems-2-hr-online
https://www.lightingdesignlab.com/what-went-wrong-online

Click — Call = Connect

» Eric Strandberg
» 206-817-7142

» eric.strandberg@seattle.gov

Visit us online

Education Resources

Advance your knowledge of
complex lighting systems and
energy-efficient strategies.
From the science of light to the

best practices of design...

technology experts that
enhance your projects and
support your business

TAP INTO

LEARN MORE

Linking you to programs and

OR

Email Us

lightingdesignlab@seattle.gov

Todays slide deck
will be posted
here!
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mailto:lightingdesignlab@seattle.gov
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Please take the online survey once you exit the webinar

We'll SEE you on the next call... ©
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