New Combined Solar Light

And Power Systems: Hybrid Lighting

September 21st
2:15 p.m. — 3:15 p.m.
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Workshop Topics
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. What is Hybrid Lightin

The Hybrid Lighting
System reduces energy

usage, associated with

' Sunllght Collector and
Tracking System

Distri%uth -
System

Hybrid
Luminaire
wl Controls
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The Hybrid Lighting Concept

Hybrid lighting combines natural and
electric light sources into integrated,
energy-efficient “hybrid” lighting
systems.
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. Sunlight Redistribution vs. Conversion

~« | Converter

Passive Light Distribution

" 'Q Transmission/
£ Distribution
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End-Use Electric Lighting
Natural Lighting

End-Use 20-30%
Efficiency
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. Full Spectrum Solar Energy Systems

v'Concentrate solar energy

v'Generate clean electrical power using PV’s in the IR
Spectrum

v'Displace conventional electrical power via passive solar
lighting systems
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Approximate Spectral Radiance E , of the Sun at Mean Earth-Sun
Separation and Silicon Spectral Response (R )

UT-BATTELLE

U
Visible Spectrum
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Solar Irradiance Curve at Sea Level

,/I \‘/ Silicon Spectral Response
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Why Build a Lighting-Specific Solution?

v’ Lighting is the single
largest specific energy end-
use 1n commercial
buildings. Buildings
represent the largest energy
end-use sector in the

~ United States. |
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Commercial Sector Primary Energy Use and Carbon Emissions
in 1997 by End-Use for the Business-As-Usual Scenario
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ElTissions (MtC) (1997 generation mix)

End Use

Primary Carbon
Energy-Use | Emissions
in Quads (MTC)
Buildings 33.7 511
Industry 32.6 482
Transportation 25.5 486




. Why Build a Lighting-Specific Solution?

Widespread use of solar energy is still limited
by cost and performance when compared to
nonrenewable options.

v'Energy conversion processes are comparatively
inefficient and costly
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. Why Build a Lighting-Specific Solution?

Widespread use of conventional daylighting in most

commercial buildings is still limited by lifecycle cost and
performance when compared to electric lighting options.

v'Lacks spatial/temporal control
v"Wastes most visible and all nonvisible energy in sunlight
v'Requires more complex architectural modifications
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H. L. Negates Many Market Inhibitors
of Topside Daylighting

v Glare

Opyer- and under-illuminatio
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How Does it Work?

Sunlight Collector and
Tracking System

Hybrid
Luminaire
w/ Controls
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Solar Collector Design

© 1.5 meter diameter primary mirror
® Seccondary optical element

a. Cold mirror

b. Concentrating PV cell

Fiber mount

Large-core optical fibers

Angled stand with altitude tracking

mechanism

Azimuth tracking mechanism
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Solar Collector Design (cont.)
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Optical Performance Summary for Solar
. Collector Design

System Performance

Loss Parameter Transmission
Primary Mirror 92%
Secondary Mirror 94%
Collection losses 97%
Fresnel losses 94%
Fiber attenuation (@ 6 meters) 78%
Fresnel losses 94%
Luminaire losses 85%

Total 50%
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. Advantages of ORNL Solar Collector Design

v" Fewer, easily assembled, less costly components integrated into a smaller,
more compact design

v" Improved IR heat removal/management

v" Centralized optical fiber placement with reduced range of motion

v" Longer optical path length enabling low-angle entry of light into optical fibers
reduced overall transmission losses

v" Concentrated IR radiation available for other uses

Prior Art
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. Footprint of focused sunlight on optical fiber

Footprint of Focused Sunlight

Diameter of Opfical
Fiber =12 mm
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. Large-Core Plastic Optical Fibers

Advantages

v'Commercially available large-core plastic optical
fibers can deliver sunlight in an inexpensive,
durable, and flexible manner.
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. Working with Large-Corp Plastic Optical Fibers

v Eibers can be polished and
. S L
connectorized usimg a sunple
polishing technique suitable for g
use i the field.




Large-Core Fiber Optic Splitters

Modular 1x2 Splitter Design v/ Have developed three prototype
%2 splitters. Currently testing
optical performance.

v/ Investigating pros and cons, of:
modular constructing vs. mn-field

“In-the-Field” 1x2 Splice



Overview of Modular Splitter Design




Controlling Color Shifting -
The HSL Chromaticity Modeler

Solar Spectral Irradiance Program -
NREL (Bird and Riordan)

Chromaticity Calculator -RPI

Ele B Ish Wrdow Heb Coodue Load [ws P Dol

DEE8& A2y a0 E@Iﬁﬂ

Bad command or file name

| 8y o s C:WINDOWS>Tilt = 36.5

1 et 5P M D fwr—!‘-[- Bad command or file name
N o [ [ [

| - [ mem

e

| :’::_:"" [liz Hybrid Solar Lighting: System Chromaticity Modeler

1 P
atnrss [ 1 Solar Condtions Dais & Tim Calculated Photometric Valug: ~Optical Fiber Parameter
| e o

C:\WIHDOWS>Longitudinal Axis = 36.5F /This lecation 1s unknown
Bad command or file name

@M@ EIhis location is also unknown

program was written by HREL and was based|
[ Sundey . August 25,200 = 0342081 37343746 Lus [53717.7131647046 Fiber Length (m); [5 edicting the solar

| Seka 5P B ction.

[T Pmemr oo Lot 0.37075866962935 | “atts/m2 [248. 608365552153
CEECEE [ A Solar Data Settings. 112158M == STl Fiber Launch Condlions 5 5
Fike Licgth 0o S e %Flusin Anular Zones: EElz0 =0 0 o

| 1 [V Cortect for Dapliht Savings Time 0 328334747651

0.202273675619481
# AutoLalculate Solar Spectum — Graph Fiber Transmission Spechia
0.493254523121537

€ Impart Spectrum Fram File
CET |5162.21841563283

- Dutput Spectrum: “wavelengthfnm) vs. Spectial Power DensilytW/m2/nm)

1.10
0.95 A\/\/ /A —~__ i
/\/ ﬁ A T Caleulate & Graph Resuls
o.78 \ (@ Clear Graph
F] Close:
0.63 M\ g
\ ~Genetic Algorithm Parameters————————————————————
0.47 &\ Antficial Source Data File
1o,

I~ Momalize Source Dutput
0.32 ™ Combine Artificial and Solar Sources

el e e Lirmens
0.16 Minium Diroring: [0 ‘
0.00 e % Evolve Filer | Graph Adtificial S ource Spectrum Il|1'T %Q’!d

380.0 4230 4660 510.0 553.0 596.0 640.0 6830 726.0  770. -

¥ Show Gridines $i‘\hg n
Par

HSLL Chromaticity Modeler Dl



Features of HSL Chromaticity Modeler

Calculates chromaticity (CIE values) of light
Full System Chromaticity Diagram transmitted through a multi-element HSL
L system for a partial/full solar year.

After (10 Meters of Fiber | e o /
/Z Soriginel Soll transmission data.
o Allows prescribed fiber launch conditions.

e Calculates the effects of solar collector
component reflectivity (primary mirror,
secondary mirror, etc.)

Investigates chromatic effects across a full or
partial solar year.

Blends solar sources with artificial sources
v Genetic algorithm optimization
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Results of 2000 Chromaticity Study

Chromaticity Diagram

(For 2-Hr Reduced Operation) By filtering collected sunlight and reducing
system operation times, color variations
between natural and artificial sources can be
significantly minimized.

CIE Coordinates - Expanded View
(2-Hr Reduced Operation)
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Spokane % Collected Sunlight
Topeka % Collected Sunlight

— — —-Miami % Collected Sunlight

------- Spokane % Chromatic Fluctuations /
Topeka % Chromatic Fluctuations

Miami % Chromatic Fluctuations

Hours of Inactivity (after sunrise/before sunset)

— T —
UT-BATTELLE




06

0.5

04

- 03

0.2

0.1

. FY2000 Chromaticity Study Cont...

Chromaticity Diagram - Comparison Elements affecting the color of collected sunlig
can now be adequately modeled and controlled
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j \ difference, longer operating times, etc.)
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. The Hybrid Luminaire

v Must incorporate both solar and electric illuminants
v Must maintain a constant total output intensity

v Must exhibits high optical efficiency for both solar and
electric lluminants

v’ May need to compensate for color differences between
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Hybrid Luminaire Development Cycle

Lithonia's Paramax T-8 Fluorescent Fixture Thyrinance - Lusx

Sylvania Octron 32W. T-8
4100'K Fluorescent Tube

Fiber Optic llluminated

Pty )
Cylindrical Diffuser 2 04 06 0B 10 13




Finished Hybrid Luminaire Design #1




Finished Hybrid Luminaire Design #2




High-Bay Hybrid Luminaire Development

v/ Retrofit of commercially-available compact fluorescent high bay
luminaire (Starliter LX-800).

v/ Dimmable ballasts allow: artificial output to be adjusted from
25,000 te) 5,000 lumens.

v/ Solar lighting expected. to displace 15,000 lumens (60%) @ max)

v2 Design utilizes hiolographic light shaping diffuser fior high
clificicncy: spatial mtensity matchmg,

UT-BATTELLE

v4 Viedeled andloptimized using ZEMAX Ray diracing soiwanc,

Optical Fibers

Compact Fluorescent Lamps

Dimmable Ballasts

f Holographic Diffuser
LX-800 Series Starlite E |
High-Bay Luminaire '



.Simpliﬁed Daylight Harvesting Control for HSL

v Development of a low-cost daylight
harvesting control sensor for HSL.
(Because the HSIL system: removes UV
and! IR portions of the solar spectrun
and! creates the same spatial mtensity;
distrabution: as| the artificial source,

Commercially Available Absolute
Intensity-Based Daylight Sensors /[ Cliicranir Ayl ESIng
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Hybrid Luminaire Design Advantages

v Improved luminaire efficiency

Improved spatial/temporal contr
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How Much Does It Cost/Save?

Sunlight Collector and
Tracking System

Hybrid
Luminaire
w/ Control
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Real Estate Costs

== =} = Conventional Solar
Thermal 5 kW System

Anticipated Full-Spectrum
Solar Energy 5 kW System

!




Systems-Level Economic Cost and
Performance Summary

_ Current (2000) Projected (2010)

Collector/Tracker

Primary Mirror

Secondary Optical Element Total grid Estimated
provided total grid
electricity provided

Tracking System displaced electricity
displaced

Structural Support

Assembly

Concentrating PV Cell $200 $100

Optical Fiber $700 $350
(70m @ $10/M)

Hybrid Luminaire (add- $350 $175
on cost)

Total Installed System $3200 1940 Wp $1600 2300 Wp

Lifecycle Maintenance $800 $400 T

(20 years) \
/\<_\ IH hh\“g
UT-BATTELLE Total Lifecycle System $4,000 ~$2/Wp $2,000 ~$1/Wp [ Pattnersmb




Projected Cost of Conventional Electric
. Power Generation (U. S. Average)
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Peaking

10

¢/kWh

Intermediate -
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0
1
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Summary of the Projected Performance of
Hybrid Lighting Systems

Years to Payback at
Cost/kWh Displaced 12.5¢/kWh

| Current Projected| Current | Projected

Region Building Use Scenario

Everyday
313 days
261 days

Sunbelt
(7.0 kWh/m?/day)

Average Location Eyryey;

(4.5 KWh/m2/day) 313 days
261 days

Everyday
313 days
261 days

Suboptimal Location
(3.0 kWh/m?/day)
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Value of National-Scale R&D Effort:
Historical Case Studies

Photovoltaics
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Full-Spectrum Solar Energy Systems*

0
1970 1980 1990 2000

Year

*Projected based on independent analysis
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Significant Cost-Reductions Anticipated in
. Near Future through R&D




Market Potential of Hybrid Lighting
Systems

CASE: Solar Resource - 7.0 kWh/m?/day

EARLY Cost of Electricity - 10¢/kWh
ADOPTERS Varying Days of Use:

- 5 days
- 6 days
- 7 days

YEAR 2000
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Market Potential of Hybrid Lighting
Systems

CASE: Days a Week of Use - 5
EARLY Cost of Electricity - 15¢/kWh
ADOPTERS Varying Solar Resource:
- 7.0 KWh/m?/day
- 4.5 kWh/m?/day
- 3.0 kWh/m?/day

Simple Payback
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Market Potential of Hybrid Lighting
Systems

CASE: Days a Week of Use - 7
14 EARLY Solar Resource - 7.0 kWh/m?*/day
ADOPTERS Varying Electric Rate:
L, 12 - 10¢/kWh
2 - 12.5¢/kWh
-g‘ 10 — 15¢/kWh
g - 15¢
o
= 8 4
= 63
Y e e ) e ) e ) ) ] -




. Preliminary Independent Market Analysi

v'Conducted By: Antares Group, Inc.

v'Initiated in May 1999 - completed in Aug. 1999

v'Baselined against state-of-the-art electric lighting
systems and energy-efficient daylighting approaches
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Issues Affecting the Market Potential o
Hybrid Lighting

Lighting System
Efficiency £
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( Cost of Hybrid Solar Lluhtlnu Cost/
Electric Systﬁormnce

Y

External Factors

* Health * Visual Comfort « Market Incentives
* Productivity e Safety

I
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Projected Market
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. Antares’ Key Findings

v'Hybrid lighting will likely be more economical than
conventional daylighting and solar technologies of today.

v'Hybrid lighting may achieve simple paybacks in the 3-5
year range in the sunbelt in deregulated utility markets.
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Where Can I Get It?

Sunlight Collector and
Tracking System

Ligh
Distributior
System

Hybrid
Luminaire
w/ Controls
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. The Hybrid Lighting Partnershi

ORNL DOE-OPT
TVA DOE-BTS
SAIC 3IM

Translight LLC Honeywell
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. Committed University/Lab Participants

v’ University of Nevada — Reno
v’ University of Wisconsin — Madison

v'University of Arizona — Tuscon
v Ohio
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. Commercial Development

v'Still 18 — 24 months away from commercialization.

v'Demonstration system can be seen in Sacramento, CA in
2002.

v'Check ORNL’s Hybr1d L1ght1ng Web page for technical




. Summary

v'Hybrid lighting reduces energy usage, associated
with internal lighting, through the direct collection
and redistribution of sunlight with the potential to
dramatically improve the overall efficienc
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