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 DISCLAIMER  

 
 
 

This report was prepared as the result of work 
sponsored by the California Energy Commission. It 
does not necessarily represent the views of the 
Energy Commission, its employees or the State of 
California. The Energy Commission, the State of 
California, its employees, contractors and 
subcontractors make no warrant, express or implied, 
and assume no legal liability for the information in 
this report; nor does any party represent that the 
uses of this information will not infringe upon 
privately owned rights. This report has not been 
approved or disapproved by the California Energy 
Commission nor has the California Energy 
Commission passed upon the accuracy or adequacy 
of the information in this report.  
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LEGAL NOTICE 

This report was prepared as a result of work sponsored by the California Energy Commission 
(Commission).  It does not necessarily represent the views of the Commission, its employees, or 
the state of California. The Commission, the state of California, its employees, contractors, and 
subcontractors make no warranty, express or implied, and assume no legal liability for the 
information in this report; nor does any party represent that the use of this information will not 
infringe upon privately owned rights.  This report has not been approved or disapproved by the 
Commission nor has the Commission passed upon the accuracy or adequacy of the information 
in this report. 



PREFACE 
The Public Interest Energy Research (PIER) Program supports public interest energy research 
and development that will help improve the quality of life in California by bringing 
environmentally safe, affordable and reliable energy services and products to the marketplace. 
The PIER Program, managed by the California Energy Commission (Commission), annually 
awards up to $62 million of which 5% is allocated to the Energy Innovation Small 
Grant (EISG) Program.  The EISG Program is administered by the San Diego State 
University Foundation through the California State University, which is under contract 
to the Commission. 
 
The EISG Program conducts up to four solicitations a year and awards grants for 
promising proof-of-concept energy research. 

PIER funding efforts are focused on the following seven RD&D program areas: 
•  Residential and Commercial Building End-Use Energy Efficiency 
•  Energy Innovations Small Grant Program  
•  Energy-Related Environmental Research 
•  Energy Systems Integration 
•  Environmentally-Preferred Advanced Generation 
•  Industrial/Agricultural/Water End-Use Energy Efficiency 
•  Renewable Energy Technologies 

 
The EISG Program Administrator is required by contract to generate and deliver to the 
Commission an Independent Assessment Report (IAR) on all completed grant projects. The 
purpose of the IAR is to provide a concise summary and independent assessment of the grant 
project in order to provide the Commission and the general public with information that would 
assist in making follow-on funding decisions. The IAR is organized into the following sections: 

•  Introduction 
•  Objectives 
•  Outcomes (relative to objectives) 
•  Conclusions 
•  Recommendations 
•  Benefits to California 
•  Overall Technology Assessment 
•  Appendices 

o Appendix A: Final Report (under separate cover) 
o Appendix B: Awardee Rebuttal to Independent Assessment (awardee option) 
 

For more information on the EISG Program or to download a copy of the IAR, please visit the 
EISG program page on the Commission’s Web site at: 
http://www.energy.ca.gov/research/innovations 
 
or contact the EISG Program Administrator at (619) 594-1049, or email at: 
eisgp@energy.state.ca.us. 
 
For more information on the overall PIER Program, please visit the Commission’s Web site at 
http://www.energy.ca.gov/research/index.html. 
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Figure 1. The Multi-Element Selective 
Emitter. 
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Introduction 

Conventional tungsten-filament electric light bulbs are inefficient light sources. They radiate 
much more power in the infrared part of the spectrum than in the visible. While fluorescent lights 
are significantly more efficient and longer lived than tungsten lights, their performance has not 
yet attracted most residential consumers. In addition, fluorescent lights contain significant 
quantities of mercury, an environmental pollutant. There are other alternative light sources 
available to the consumer, which are more efficient than tungsten, but they have higher initial 
costs, and consumers consider them to be a poor spectral match to the solar visible spectrum. 

This project proposes a new type of spectrally selective electric light emitter. It is designed to 
produce more visible light and much less infrared than an equivalent tungsten bulb and without 
the use of mercury. It would be potentially three times as efficient as tungsten-filament bulbs and 
significantly longer lived. Lighting accounts for about 19 percent of all U.S. electricity 
consumption1 and 9.4% of residential electricity consumption2.  In 1993 the majority of light 
bulbs in residential households were incandescent. According to the RECS Survey, 453 million 
lights out of a total of 523 million used one or more hours per day were incandescent (87 
percent)3. California consumers could reduce their electrical consumption proportionally by 
replacing existing tungsten incandescent bulbs with a more efficient incandescent light. In 1999 
discarded fluorescent bulbs contained 17 tons of mercury, of which 71% was deposited in the 
nation’s landfills4. While there is no consensus on the importance of mercury in landfills, its 
increasing concentration in the oceans and commercial fisheries is thought to endanger people’s 
health, particularly the health of pregnant women and their offspring. Thus, California’s 
environment would improve if another, more 
benign source of light replaced fluorescent lights 
containing mercury.  

The key to the new light bulb is the development 
of a ceramic, spectrally-selective incandescent 
emitter that emits strongly in the visible spectrum 
from its surface when heated. The researcher 
proposed a millimeter scale emitter as illustrated 
in Figure 1. The tubular emitter is made of doped 
zirconia powder, which has the characteristic of 
being an insulator at low temperatures and a conductor at 
                                                             
1 [http://www.clasponline.org/download/Energy_Efficiency/2001/142/index.php3] 
2 [http://www.eia.doe.gov/emeu/recs/recs4a.html] 
3 [http://www.eia.doe.gov/emeu/lighting] 
4 [http://www.nema.org/papers/enviimpact.doc] 

Figure 1. The proposed emitter 
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high temperatures. This project proposed a new method of heating the emitter.  In this method 
the tube is heated externally up to its conduction temperature using a radiant source.  Then a 
current is passed through the tube causing resistance heating, bringing it to a higher operating 
temperature. The emitter material suppresses infrared emission from its interior through its 
microstructure, which is designed to consist of small grains interspersed with small voids. For 
the light source to succeed, its microstructure must be stable against the usual high-temperature 
grain growth at its operating temperature of 2,650 K over a lifetime of several thousands of 
hours. 

Objectives 
The goal of this project was to determine the feasibility of using a new composite ceramic 
emitter design in incandescent bulbs to achieve a 300% increase in visible light per watt over 
standard incandescent bulbs. The researchers established the following project objectives: 

 
1. Utilize a novel heating arrangement to attain a stable emitter temperature of 2,650 K. 
 
2. Optically and physically structure the composite ceramic oxide emitter so that, when heated 

as designed, it emits three times more of its total radiated power within the visible spectrum 
than a standard 100 W incandescent bulb does. 

 
3. Generate stability data supporting the long-term goal of achieving an emitter life of greater 

than 2,100 hours. 
 
4. Obtain updated manufacturing estimates supporting a manufacturing cost goal of 

approximately $0.75 per bulb. 
 

Outcomes 
The research resulted in the following outcomes: 

1. “Utilize a novel heating arrangement to attain a stable emitter temperature of 2650 K.” 

a. Radiant heating routinely achieved emitter turn-on.  

b. The thermally insulating emitter end tubes and molybdenum electrodes allowed 
emitter body temperatures of up to 2,653 K.  

c. The new electro-thermal stability model demonstrated that emitter (temperature) 
stability is insensitive to emitter dimensions and sensitive to incident radiation 
intensity.  

d. There is moderate quantitative agreement between the calculated and the 
measured minimum coil temperatures needed to prevent thermal runaway, but 
only qualitative agreement on the operating voltages.   

2. ”Optically and physically structure the composite ceramic-oxide emitter so that, when 
heated as designed, it emits three times more of its total radiated power within the visible 
spectrum than a standard 100 W incandescent bulb does.” 
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Rapid grain growth in the first few minutes at high operating temperatures precluded 
measurement of spectral selectivity. 

 
3. “Generate stability data supporting the long-term goal of achieving an emitter life of 

greater than 2,100 hours.” 
 
The researcher did not achieve this objective because rapid grain growth in the first few 
minutes of operation shortened emitter life. Therefore, no long-term testing was 
performed. 
 

4. “Obtain updated manufacturing estimates supporting a manufacturing cost goal of 
approximately $0.75 per bulb.” 
 
The researcher did not meet this objective because of uncertainty about achieving 
adequate emitter life. 

 
Conclusions 
The PA’s conclusions from this project are: 
 

1. Radiant heating can achieve emitter turn-on as a necessary step, though its outcome was 
not much in doubt, given the earlier experiments with heating by torch.   

 
2. The molybdenum electrodes work as expected, a significant step since this new substance 

introduced a potential materials compatibility issue. 
 

3. The new electro-thermal stability model validation does increase understanding of the 
method. However, the time spent on model development could possibly have been put to 
better use on more important unsolved issues of material stability.  

 
4. The lack of quantitative agreement with the model is not a serious concern at this time.  

 
5. Rapid grain growth at operating temperature is a serious concern. 

 
6. Emitter lifetime of greater than 2,100 hours has not been demonstrated. 

 
7. The manufacturing goal of $0.75 per bulb is uncertain at this time, due to the lack of a 

working design. 
 
The goal of this project, to achieve a 300% increase in visible light per watt over standard 
incandescent bulbs through a new composite ceramic emitter design, remains unfulfilled. 
Although the project appears to have been well structured, in retrospect more emphasis could 
have been placed on issues of materials stability.  
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Recommendations 
 
The researcher should examine the materials question of grain growth and lay out a plan, based 
on one or more new experimental results, before additional funding is considered. The PA 
suggests a program stressing more microstructural analysis of heated specimens and spectral 
measurements of them at high temperatures. Additional model development seems to be of 
secondary importance at this stage.  
 
The PA also recommends some analysis of phase diagrams of the constituent pseudo-binary, 
ternary, quaternary oxide systems and carbon. A specific question in particular is whether initial 
heating may possibly cause transient liquid phases. If so, that could greatly increase grain 
growth, since diffusion constants in liquids can be orders of magnitude faster than in solids. If 
the final equilibrated composition does not contain liquid, then transient liquid phases might be 
avoided by optimization of initial time-temperature heating protocols.  
 
Finally, thoria is thought to inhibit grain growth in tungsten and might prove valuable here (with 
suitable precautions of course). Industry has used it for many years, and its weak radioactivity 
might not be an environmental impediment. If thoria adequately inhibits grain growth, that result 
would at least demonstrate the feasibility of the program. 
 
Benefits to California 
 

Public benefits derived from PIER research and development are assessed within the following 
context: 
• Reduced environmental impacts of the California electricity supply or transmission or 

distribution system  
• Increased public safety of the California electricity system  
• Increased reliability of the California electricity system  
• Increased affordability of electricity in California  
 
The primary benefit to the ratepayer from this research is a reduction in environmental impacts 
of the California electricity supply or transmission or distribution system.  If this research were 
successful, it would lead to an incandescent light bulb that is three times more efficient than 
standard tungsten bulbs. Since 87% of the total of 523 million light bulbs used nationally one or 
more hours per day in residential households are incandescent, replacing them with a design 
three times more efficient would produce large savings.  
 
The annual, national, average residential electricity consumption for lighting in 1993 was 940 
kWh per household. In the Western census region, the average household consumed 856 kWh of 
electricity for lighting at a yearly cost of $76 per household (1993 dollars)5. While these data are 
older than desired, and there is significant variation in the per unit cost of electricity within the 
Western census region, it is clear that California consumers could reduce their electrical 
consumption and expenditures significantly by replacing existing tungsten bulbs with a more 
efficient incandescent bulb. 

                                                             
5 [http://www.eia.doe.gov/emeu/lighting/chap2.html#begin] 
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Overall Technology Transition Assessment 
As the basis for this assessment, the Program Administrator reviewed the researcher’s overall 
development effort, which includes all activities related to a coordinated development effort, not 
just the work performed with EISG grant funds. 

Marketing/Connection to the Market   

The researcher has not submitted a preliminary business plan at this time. The PA understands 
that an industrial or commercial company has expressed interest in helping take this technology 
to market, but only after further development. 

Engineering/Technical 

This project has not yet met key goals. In particular it is necessary find a way to reduce grain 
growth at operating temperature  

Legal/Contractual   

The researcher has secured a patent on this technology and appears to have applied for another 
one. No contractual agreements have been made. 

Environmental, Safety, Risk Assessments/ Quality Plans   
The main concern is the technical issue of arresting grain growth rather than 
environmental/safety/quality issues. There are, however, no obvious impediments to the program 
of an environmental nature.  

Production Readiness/Commercialization   
No commercial partner has been explicitly identified. 
 

Appendix A:  Final Report (under separate cover) 

Appendix B:  Awardee Rebuttal to Independent Assessment (none submitted) 


