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Congressional Appropriations
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Results-Oriented R&D

Almost 270 R&D projects

funded to date have

resulted in more than

270 patents
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Huge Industry Footprint

More than 220 products
can be directly traced to
DOE-funded SSL R&D

Millions of LED products
have DOE R&D inside

280 tBtu of energy
saved in 2015

4  http://energy.gov/sites/prod/files/2016/09/f33/ssl-comm-products-factsheet_sep2016.pdf
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LED Chips ---

LED Components
LED components are at the heart of SSL
because they generate the light  Develor
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increased efficiency and light output at low cost, and has
‘been so effective that Lumileds has transitioned most of its
LED component products to PSS architecture.

These Cree and Lumileds LED platforms have been used in
‘many millions of energy-saving lighting products and have
‘been critical to LED lighting’s success. And Cree, Lumileds,
and other manufacturers continue to improve these plat-
forms even further. DOE is currently supporting various
approaches to improve integration of LED components into
‘modules and luminaires to improve efficiency and reduce
cost. DOE is also supporting the development of novel
down-converter materials into LED packages to more effec-
tively match the human eye response and increase efficacy.
These are just two examples of the improvements that can
still be achieved to continue the advancement of LED light-
ing technology.
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‘based on what they had leamed, and the basic lamp design
has been used in mumerous subsequent products, including
the color-tunable Hue lamp.

The DOE SSL Program has also funded a handful of addi-
tional R&D projects that have not yet directly led to com-
‘mercialized products. Some of these project concepts are still
being developed and may yield products in the future, and
some have led to altemative concepts that led to products—
which happened with Cree, Philips, OSRAM, and Color
Kinetics. Although these indirectly influenced products are
not included in this analysis, they nevertheless are an impor-
tant part of the total impact of DOE SSL R&D funding.

Power Supplies
Another i component of LED lighting products is
the power supply. LEDs typically require power conversion
from 120V AC to low-voltage DC, which affects the total
efficiency of the system. The DOE SSL Program supported
a Philips Lighting project to develop an efficient, small-
form-factor, long-lifetime family of LED power supplies,
which directly resulted in the development of three commer-
cially available products and four derivative products (the
latter not counted in this analysis). These low-cost prod-
ucts exhibit high conversion efficiency (-90%), long life
(50,000 hours), and compact form factor.

Manufacturing Tools

So far, DOE SSL R&D support has resulted in the develop-
‘ment and of five ing products
that, collectively, have been used to produce billions of
LED chips. DOE funding directly enabled Veeco’s devel-
opment of three specific product features that can be used
‘with the company’s state-of.the-art metal organic chemical
vapor deposition (MOCVD) tools to produce LED wafers.
These tools are sold worldwide and produce hundreds of
‘millions of LEDs each year, and their advancements have

Veeco's MOCVD tools are sold worldwide, and produce
hundreds of millions of LED chips each year.
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Broad Mix of R&D Partners

Gegrgiai-=ive W LUMILEDS coobeRLging QL) @ LvEeC

o Technologyy VISION

WRTI SHRAA e whiteoptics” ARKEMA

vvvvvvvvvvvvvvvvvvv
@ INTERNATIONAL .

o |
| 2 @ National i.bl.EDW k e
C rY§ tq em r‘s :I_S laboratories Naturally Illuom!:atirg J U Itratec h
PO UNIYERSAL DISPLAY Asid QIARKER.  INNOSYS..
~———— ﬁr[zona_ tState
niversi
LITECONTROL - - v

. -

making light work™ Y‘l U - .tj IEEI
| sv.vania@Q) o EIVERTY UCLA
\3/ Kl.@encor

Pacific = -
=) i gL of | Energy Efficiency &
N@ﬁ%ﬂﬂeSt N PRINCETON g‘ RBHSSGI&BI’ ENERGY Renewable Energy

LABORATORY UNIVERSITY



http://images.search.yahoo.com/images/view;_ylt=A0PDoQ2KWPxPlQwAlI.JzbkF;_ylu=X3oDMTBlMTQ4cGxyBHNlYwNzcgRzbGsDaW1n?back=http://images.search.yahoo.com/search/images?p=sandia+national+lab&vm=r&fr=hsusgo1&fr2=piv-web&tab=organic&ri=5&w=300&h=300&imgurl=educationinvermont.org/wp-content/uploads/2011/12/Sandia-National-Lab1.gif&rurl=http://educationinvermont.org/2011/12/21/sandia-national-lab-establishing-15-million-energy-innovation-center-at-uvm/&size=4.1+KB&name=Sandia+National+Lab+Establishing+$15+Million+Energy+Innovation+Center+...&p=sandia+national+lab&oid=7432233d0b61db520550c8dc5f7976b5&fr2=piv-web&fr=hsusgo1&tt=Sandia+National+Lab+Establishing+$15+Million+Energy+Innovation+Center+...&b=0&ni=84&no=5&ts=&vm=r&tab=organic&sigr=13l2p7n5s&sigb=13fk0144q&sigi=12aan8o29&.crumb=WgSWJuese4g
http://images.search.yahoo.com/images/view;_ylt=A0PDoX69WPxPQ2QAxAOJzbkF;_ylu=X3oDMTBlMTQ4cGxyBHNlYwNzcgRzbGsDaW1n?back=http://images.search.yahoo.com/search/images?p=pacific+northwest+national+lab&n=30&ei=utf-8&vm=r&fr=hsusgo1&tab=organic&ri=18&w=385&h=400&imgurl=www.arm.gov/images/cms/PNNL_Color_Logo_Vertical-385x400.jpg&rurl=http://www.arm.gov/news/jobs/post/3636&size=18.5+KB&name=the+climate+physics+group+at+pacific+northwest+national+laboratory+...&p=pacific+northwest+national+lab&oid=818cf414ba42c1ffbaf42634ce721ff2&fr2=&fr=hsusgo1&tt=the+climate+physics+group+at+pacific+northwest+national+laboratory+...&b=0&ni=56&no=18&ts=&vm=r&tab=organic&sigr=116okhn0s&sigb=13t8tptl7&sigi=11rsd4hfr&.crumb=WgSWJuese4g
http://images.search.yahoo.com/images/view;_ylt=A0PDoX76WPxPf2oAJCSJzbkF;_ylu=X3oDMTBlMTQ4cGxyBHNlYwNzcgRzbGsDaW1n?back=http://images.search.yahoo.com/search/images?p=rensselaer+polytechnic+institute&sado=1&n=30&ei=utf-8&vm=r&fr=hsusgo1&fr2=sg-gac&tab=organic&ri=4&w=1254&h=238&imgurl=bfsa.jhu.edu/conference/images/Rensselaer.jpg&rurl=http://bfsa.jhu.edu/conference/index.htm&size=126.3+KB&name=Rensselaer+Polytechnic+Institute&p=rensselaer+polytechnic+institute&oid=34d96a03fb477cb08ca91a12d3668e51&fr2=sg-gac&fr=hsusgo1&tt=Rensselaer+Polytechnic+Institute&b=0&ni=56&no=4&ts=&vm=r&tab=organic&sigr=11811plcv&sigb=14gfoffkn&sigi=11dkvki9r&.crumb=WgSWJuese4g
http://images.search.yahoo.com/images/view;_ylt=A0PDoYB0WfxPKncActeJzbkF;_ylu=X3oDMTBlMTQ4cGxyBHNlYwNzcgRzbGsDaW1n?back=http://images.search.yahoo.com/search/images?p=yale&n=30&ei=utf-8&vm=r&fr=hsusgo1&tab=organic&ri=5&w=1380&h=325&imgurl=www.yale.edu/engelman/images/Yale_logo.gif&rurl=http://www.yale.edu/engelman/&size=26.9+KB&name=Yale+University&p=yale&oid=91e1079d3f9795ba92eb991292044a49&fr2=&fr=hsusgo1&tt=Yale+University&b=0&ni=56&no=5&ts=&vm=r&tab=organic&sigr=10tk8te9i&sigb=1326cpov7&sigi=11abjf373&.crumb=WgSWJuese4g
http://images.search.yahoo.com/images/view;_ylt=A0PDoS8kWvxPZ2oAghGJzbkF;_ylu=X3oDMTBlMTQ4cGxyBHNlYwNzcgRzbGsDaW1n?back=http://images.search.yahoo.com/search/images?p=university+of+california+santa+barbara+logo&sado=1&n=30&ei=utf-8&vm=r&fr=hsusgo1&fr2=sg-gac&tab=organic&ri=56&w=300&h=101&imgurl=cs.ucsb.edu/~teogeorgiou/images/ucsb_logo.png&rurl=http://cs.ucsb.edu/~teogeorgiou/&size=34.9+KB&name=University+of+California,+Santa+Barbara&p=university+of+california+santa+barbara+logo&oid=cfdb3a767b88b1b300efef69b976b5d2&fr2=sg-gac&fr=hsusgo1&tt=University+of+California,+Santa+Barbara&b=31&ni=56&no=56&ts=&vm=r&tab=organic&sigr=1109mnrfl&sigb=14ssdbk4e&sigi=11d3i68pi&.crumb=WgSWJuese4g
http://images.search.yahoo.com/images/view;_ylt=A0PDoQ1VW_xP7goA6KeJzbkF;_ylu=X3oDMTBlMTQ4cGxyBHNlYwNzcgRzbGsDaW1n?back=http://images.search.yahoo.com/search/images?p=university+of+florida+logo&n=30&ei=utf-8&vm=r&fr=hsusgo1&tab=organic&ri=1&w=320&h=320&imgurl=www.healthjockey.com/img/university-florida-logo.jpg&rurl=http://www.healthjockey.com/2009/12/17/spread-of-malaria-in-africa-apparently-predicted-through-cell-phone-records/&size=14.1+KB&name=University+Florida+logo&p=university+of+florida+logo&oid=9c790d9aa7146731a867cee0e00f0c0a&fr2=&fr=hsusgo1&tt=University+Florida+logo&b=0&ni=84&no=1&ts=&vm=r&tab=organic&sigr=13j9ptfjt&sigb=13oor6hrl&sigi=11kcmun8v&.crumb=WgSWJuese4g
http://images.search.yahoo.com/images/view;_ylt=A0PDoKsuXvxPSm8AeJKJzbkF;_ylu=X3oDMTBlMTQ4cGxyBHNlYwNzcgRzbGsDaW1n?back=http://images.search.yahoo.com/search/images?p=osram+sylvania&sado=1&n=30&ei=utf-8&vm=r&fr=hsusgo1&fr2=sg-gac&tab=organic&ri=2&w=1804&h=585&imgurl=www.iald.org/userfiles/image/Logos/Osram-Sylvania.PNG&rurl=http://www.iald.org/about/EnlightenAmericas2010Sponsors.asp&size=124.7+KB&name=Enlighten+Americas+2011+Sponsors+-+International+Association+of+...&p=osram+sylvania&oid=89277f4b8716f3abcc517281a6f88d5e&fr2=sg-gac&fr=hsusgo1&tt=Enlighten+Americas+2011+Sponsors+-+International+Association+of+...&b=0&ni=21&no=2&ts=&vm=r&tab=organic&sigr=11rml7cfm&sigb=13uee9d8l&sigi=11l4do8kt&.crumb=WgSWJuese4g
http://images.search.yahoo.com/images/view;_ylt=A0PDoQyJW_xPJnUAEF6JzbkF;_ylu=X3oDMTBlMTQ4cGxyBHNlYwNzcgRzbGsDaW1n?back=http://images.search.yahoo.com/search/images?p=plextronics&n=30&ei=utf-8&vm=r&fr=hsusgo1&tab=organic&ri=9&w=230&h=115&imgurl=www.icsm2012.com/images/PLEXTRONICS.gif&rurl=http://www.icsm2012.com/sponsors.html&size=3.7+KB&name=plextronics+logo&p=plextronics&oid=3026bf9fba490dd81128e4eed6fbe9c9&fr2=&fr=hsusgo1&tt=plextronics+logo&b=0&ni=56&no=9&ts=&vm=r&tab=organic&sigr=115n9sd96&sigb=139to84r1&sigi=1170nu1k6&.crumb=WgSWJuese4g

DOE SSL R&D Project Portfolio

us oteasmuentor | Energy Efficiency &
ENERGY | oo fckoc 8

* Results-oriented, competitively
selected R&D projects PORTFOLIO:

SOLID-STATE LIGHTING

2017 PROJECT

* Total current project value: $42.6M
— OLED: $20.2M (13 projects)
— LED: $22.4M (14 projects)

* Industry and university partners
provide average of 28% cost share

EEEEEEEEEEEE Energy Efficiency &

u.s.
ENERGY Renewable Energy

6 https://energy.gov/eere/ssl/downloads/solid-state-lighting-project-portfolio



Recipients of SSL Program Investments

National

Laboratory
$1.8 million

7 January 2017

DOE funds SSL R&D in
partnership with large and
Industry small companies, academia,

$19-1£g/i"i°" and national labs

4%\

$42.6
Million*

University
$13.5 million
32%

Small Business
$7.6 million
18% ici
............. o Energy Efficiency &

s F
ENERGY Renewable Energy

* Figures are rounded




Breakdown of Funding by Focus Area

OLED Product

Development
$0.4 Million \

1%

LED Core
Technology
$14.9 Million

35%

$42.6
Million*

* Figures are round‘
8 January 2017
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Success with SBIR

* S44M in SBIR SSL funding since 2000 CoRTORATIO N i'%l.EDWorks
. - ‘ Naturally lluminating
e 137 awards in total
— 96 Phase 1 awards :::p,xe",gent INNOSYS ..
— 41 Phase 2 awards ) ?
* Projects conducted by small Ub‘QD .
companies; objectives align et B _
with DOE SSL R&D Plan Lumisyn
Microlink
Devices inc PhosphorTech
SC SOLUTIONS EEEEEEEEEEEE Energy Efficiency &

ENERGY Renewable Energy

9 https://energy.gov/eere/ssl/doe-selections




FY16 Highlights

| Lumileds develops high-voltage
LED light engine with
integrated driver

Philips develops innovative patient
room lighting system with spectrally
adaptive controls

Acuity develops OLED luminaire with panel-
integrated drivers and advanced controls

University of Michigan develops innovative strategy for increasing
lifetime of blue phosphorescent OLEDs

Energy Efficiency &

U.S. DEPARTMENT OF
ENERGY Renewable Energy
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Program Targets

LED Efficacy Progress and Projections
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11 Figure 5.4, 2016 Solid-State Lighting R&D Plan, http://energy.gov/eere/ssl/technology-roadmaps

2035

Best-performing LEDs
are only halfway to
DOE goals

Significant technology
development
headroom remains
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Top Performers from LED Lighting Facts® Database

Cree ZR22 Troffer __7
153 Im/W
Orion Ison High Bay Fixture
209 Im/W
e

MaxLite Vapor Tight Linear Fixture
153 Im/W

EEEEEEEEEEEE Energy Efficiency &

u.s.
ENERGY Renewable Energy

12 LED Lighting Facts database, www.lightingfacts.com/products




The Big Picture

TURNING
DOWN

LIGHTING
ENERGY USE

U.S. energy savings attributable to
LED lighting will reach 5.1 quads by
2035. Energy use for lighting in
2035 will be 75% lower than it
would have been if LEDs had

not entered the market.

13 https.//energy.gov/eere/ssl/ssl-forecast-report

Source Energy Consumption (Quads)

4 No-LED Scenario

5.1 quads

If DOE targets are met [ 759
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LED Efficacy: What America Stands to Gain

1.
2.
3.
4.
5.

Enormous energy savings

Far-reaching scientific and technological advances
Better LED products with improved lighting quality
Lower first-costs for LED products

Stronger positioning of domestic manufacturing



The difficult is what takes a little time;
the impossible is what takes a little longer.

— Fridtjof Nansen, Explorer
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