
!"#$%&'($%
!"!#$%&'()*%#+,-.*%/#01223011

)(*+',-.,/01)-2(%&(34/01)(54'(2416
784%&3($/15$31'+419-'-341$51)(*+'(%*
4*55(&6#7&)*

:.(5'$%17'&%.4;1)42$%01<!7
89:*#;7<&&5*#3=>?=23#&%#3=>@=23A



!"#$%&'($%
!"!#$%&'()*%#+,-.*%/#01223011

)(*+',-.,/01)-2(%&(34/01)(54'(2416
784%&3($/15$31'+419-'-341$51)(*+'(%*
4*55(&6#41@

:.(5'$%17'&%.4;1)42$%01<!7
89:*#3=>?=23



!"#$%&'()*#+",#$*-,*.-/01#&%-,*-2*&3%(*.-4"(#*5%11*6#*
"#0-"&#$*&- 787 !9: 2-"*787*/#/6#"(;*!#"&%2%.+&#(*-2*
!-/01#&%-,*2-"*6-&3*787*/#/6#"(*+,$*,-,<787*
/#/6#"(*+"#*+=+%1+61#*40-,*"#>4#(&;

?3%(*.-4"(#*%(*"#@%(&#"#$*5%&3*787*!9: 2-"*.-,&%,4%,@*
0"-2#((%-,+1*#$4.+&%-,;*7(*(4.3A*%&*$-#(*,-&*%,.14$#*
.-,&#,&*&3+&*/+B*6#*$##/#$*-"*.-,(&"4#$*&-*6#*+,*
+00"-=+1*-"*#,$-"(#/#,&*6B*&3#*787*-2*+,B*/+&#"%+1*
-2*.-,(&"4.&%-,*-"*+,B*/#&3-$*-"*/+,,#"*-2
3+,$1%,@A*4(%,@A*$%(&"%64&%,@A*-"*$#+1%,@*%,*+,B*
/+&#"%+1*-"*0"-$4.&;
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
"#$%&'()%*+$,-&$.*&(*%/$0'1'0*2-&$+'-,%3*2$&4(.%3*-).*%$+5'0$%*6',,*7$*
-..+$%%$.*-&*&4$*0()0,#%'()*(1*&4'%*/+$%$)&-&'()8



9)*&4$*,':4&'):*').#%&+;*&(.-;*+-/'.*04-):$3*/+(,'1$+-&'()*
(1*&$04)(,(:'$%3*-).*$5(,5'):*:,(7-,*$0()(2'0*+$-,'&'$%*
0+$-&$*0()%'.$+-7,$*#)0$+&-')&;*-).*+'%<*1(+*
2-)#1-0&#+$+%*-).*.$%':)$+%8*=(6*.(*6$*<)(6*64-&*&(*
7#',.*-).*')%&-,,*-).*64$)>*?4$)*6',,*0(2/()$)&%*(+*
%;%&$2%*7$0(2$*(7%(,$&$>*@4'%*&-,<*,((<%*-&*$0()(2'03*
4'%&(+'0-,3*0#,&#+-,3*-).*&$04)'0-,*1-0$&%*(1*&4$%$*
A#$%&'()%3*0())$0&%*&4$2*&(*&4$*.+'5$+%*(1*04-):$3*-).*
/+$%$)&%*#%$1#,*%0$)-+'(%*1(+*&4$*1#&#+$*(1*,':4&'):8*

!"#$%&
'&%($)*+)",

-&.$,),/
012&(+)3&%

B8 CD/,(+$*&4$*4'%&(+;*-).*$0()(2'0%*7$4').*(#+*0#++$)&*$,$0&+'0-,*-).*
,':4&'):*')1+-%&+#0&#+$*

E8 F)-,;G$*&4$*0(2/,$D'&;*(1*%&+-&$:'0*/,-))'):*A#$%&'()%*1(+*/+(.#0&*-).*
.$%':)*0(2/-)'$%*

H8 9)5$%&':-&$*)$6*-//+(-04$%*&(*'))(5-&'()*')*&$04)(,(:;*1(+*&4$*7#',&*
$)5'+()2$)&

I8 9.$)&'1;*)$6*.'+$0&'()%*')*&4$*.$%':)*-).*.$/,(;2$)&*(1*,':4&'):*-).*
$,$0&+'0-,*%;%&$2%*&4-&*-.-/&*&(*&4$*1#&#+$





B,C.5D#C,-(69(%*5D#-&),C*5D#&%#5&-*:<(6E#*C5*F

!%*6G:#5&-*#HI8#J.,C.5K#9L:,9CCM#C,-(69(%*5F

N<9:#)&#O*#.,(C)#96)#O<*6#)&#O*#.,(C)#(:F

N<M#9%*#-96,P9L:,%*%5##5&#&.5*55*)#O(:<#C(P*:(-*5F

N<M#)&6G:#O*#Q,5:#.,(C)#9#6*O#*C*L:%(L9C#(6P%95:,L:,%*F#

N<M#R,:#6*O#:*L<6&C&EM#(6:&#&C)#P&%-5F

N<M#)&6G:#O*#)*5(E6#P&%#44HG5#P,CC#L9R9.(C(:(*5F

N*G'*#%*9L<*)#R*9S#C(E<:(6E#*PP(L(*6LMT 6&O#O<9:F

U&O#L96#O*#-9S*#.*::*%#P&%*L95:5F

!"#$%$&'(")*+%,$*



2=#I'&C,:(&6#&P#:<*#H(E<:.,C.#

>=#I'&C,:(&6#&P#H,-(69(%*5

V=#H(P*:(-*5#&P#H(E<:(6E#4M5:*-5

W=#B,(C)(6E#H(P*:(-*#X#7MLC*5

?=#+*:O&%S5#X#:<*#Y%()

@=#Z<*#Y&&)#[C)#89M5

0=#\!]!#X#8*5(E6(6E#:<*#^,:,%*

_=#$%&R<*5MD#$%*)(L:(&6D#X#4L*69%(&5

3=#^&,%#4<9)*5#&P#^,:,%*

-,./0.1



1. Evolution of the Lightbulb
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3. Lifetimes of Lighting Systems
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How LEDs Fail

Package 
Phosphor & 
Silicone 
degradation

Electrical
ESD, broken 
connections

Thermal
Inadequate 
heat sinking,
Wrong 
Luminaire

Chemical
VOCs
Discoloration

Lumen
Degradation
Gradual fading
vs catastrophic
failure

Color Shift
Inconsistent 
color between 
sources, 
unpleasant or 
undesired 
color

Why LEDs Fail



Luminaire Failure: Blame Almost Everything But the LED!



Lifetime Claims Hall of Shame

48” low bay fixtures
7-12,000 lm
Rugged housing, fully 
gasketed
IP rated
Calculated L70
> 300K+ hrs

Variety of CCTs, 70 CRI
No mention of light output 
on cut sheet (?)
Power from 15 to 93 watts
IP rated
Light unit lumen 
maintenance L90B10C10 
150K hrs

3-22,000 lm
Two CCTs, low-ishCRI
Relatively long warranty
Lifetime: L80F10 >200Khrs
>200Khrs to L80 per IES TM-21

Cool white
12- 40,000 lm
Safety listed
IP rated for wet location
>250K hrs to L70



Lifetime Measurement

Methods
ANSI-IES LM80-15 provides 
methods for measurement of 
luminous flux for LED arrays, 
packages, and modules. 

TM-21 establishes a standard 
way to use LM-80 data to make 
consistent lifetime projections 
beyond the testing period.

Since most manufacturers 
test for 6,000 or 10,000 
hours, the accurate range 
based on TM-21 is up to 
36,000 to 60,000 hours of 
useful life



PS-10-18
• IES standards do not support the use of marketing claims 

exceeding TM-21’s 6X extrapolation limit…these are misleading.

• The IES does not support the use of LED lumen maintenance life 
as the sole metric for determining solid-state luminaire lifetimes.

IES Position Statement

Alex Says So…
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Renovation Cycles



Building and Systems Lifetimes

Furniture &
Finishes

Services
(MEP)

Skin

Structure

Land

Equipment &
Technology

10 20 30 40 50 6010 70
Years

Value



Projected LED Lifetimes



O!ce/CI

Retail &
Hospitality

Residential

5 10 20 305Years

Replacement 
Lamps vs 

New Fixtures

Retro"t Cycle

80/20

50/50

60/40

Retrofit Choices
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A Monumental Patchwork
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First Grids: Whole Systems
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Gas Evolves, then Lingers…
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Incandescent Evolves, then Lingers? 

Nanophotonic Fabulousness
Jan 2016: Researcers at MIT develop 
advanced incandescent using a 
traditional heated filament with “light 
recycling” enabled by an a photonic 
crystal material. Efficiency is 
demonstrated at 6.6%, with potential 
for 40% efficiency. 
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How many designers does it take to change the 
lightbulb?



Does it Have to Be a Lightbulb?

No Bulbs!



Reimagine the Connections!
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Haruspicy: Reading of Entrails, per Vitruvius Psychics: Trained to body language & other
Unconscious data

A Grain of Evidence
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1. Focal Issue

2. Key Factors

3. External Forces

4. Critical 
     Uncertainties

5. Scenario Logics

6. Scenarios

7. Implications &
     Options

8. Early Signs

The Scenario Planning Process
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Scenario 4: Bioenlightenment
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The Reality of Plural Modalities

Incandescent 
Lamp & Luminaire

Incandescent
Luminaire
LED replacement
Lamp

“Modular”
LED Luminaire

“Integrated”
LED Luminaire

LED Driven
Form

Declining
10 year Expiry 

Stable
30 year Expiry 

Interim
5 year Expiry 

Emerging
Expiry ?

Growing
15 year Expiry 



Summary

Longer lifetimes are not necessarily better

Nothing is Inevitable

History is cyclical, not linear

Copy Nature

Disruptive change cannot be permanent by definition

Design and Implementation are more powerful than Innovation

We can make better forecasts with smart crowdsourcing

The Future will be Plural & Multivariate, as always!
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