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[bookmark: _Toc354670193]PREFACE
The California Energy Commission Energy Research and Development Division 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 Energy Research and Development Division conducts public interest research, development, and demonstration (RD&D) projects to benefit California.
The Energy Research and Development Division strives to conduct the most promising public interest energy research by partnering with RD&D entities, including individuals, businesses, utilities, and public or private research institutions.
Energy Research and Development Division funding efforts are focused on the following RD&D program areas:
· Buildings End-Use Energy Efficiency
· Energy Innovations Small Grants
· Energy-Related Environmental Research
· Energy Systems Integration
· Environmentally Preferred Advanced Generation
· Industrial/Agricultural/Water End-Use Energy Efficiency
· Renewable Energy Technologies
· Transportation

Low Cost Energy Saving Solid-State Smart Windows is the final report for Grant Number PIR-10-049, conducted by Applied Materials Incorporated. The information from this project contributes to Energy Research and Development Division’s Buildings End-Use Energy Efficiency Program.

For more information about the Energy Research and Development Division, please visit the Energy Commission’s website at www.energy.ca.gov/research/ or contact the Energy Commission at 916-327-1551.

[bookmark: _Toc93398182][bookmark: _Toc94171473][bookmark: _Toc354670194]
ABSTRACT
Dynamic, electrochromic or “smart” windows can switch between a clear and tinted state on demand to block direct sunlight and radiant heat in the summer and n transmit radiant heat in the winter. These windows can transmit ambient light from indirect sunlight year-round to  reduce energy use associated with lighting and air conditioning California buildings. Electrochromic windows darken when energized by an electrical current and turn clear when the voltage is taken away. Existing dynamic windows have fallen short of the cost, performance, and quality requirements needed for wide-scale market adoption.  

The overall goal of this project was to develop a new approach to manufacturing electrochromic windows at a reduced cost using an all-vacuum in-line production process. An all-vacuum in-line production process requires only one vacuum step and is significantly less expensive than the traditional process.
The project accomplished its goals and resulted in a new manufacturing process that produces electrochromic windows at a substantially lower cost. These windows are now commercially available. Since commercial and residential buildings annually consume about 40 percent of the energy used in California, electrochromic windows could reduce the energy and cost associated with lighting, heating and cooling buildings. In existing commercial buildings, assuming a 10 percent market penetration, this technology could save California ratepayers more than 500 gigawatt hours (GWh) a year, which translates to more than $65 million annually in reduced lighting energy costs alone. 






Keywords: Electrochromic windows, dynamic windows, smart windows, insulated glass units (IGUs), in-line manufacturing 
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[bookmark: _Toc354670196]EXECUTIVE SUMMARY
The California Energy Commission provided cost-share funding to supplement Soladigm, Incorporated’s (Soladigm) American Recovery and Reinvestment Act of 2009 (ARRA) award.  The project conducted research and development of a new, more cost-effective process for manufacturing electrochromic windows. The Energy Commission’s cost share assisted in the development and testing of a new manufacturing process to produce electrochromic windows at a reduced cost. The approved Department of Energy final report submitted by Soladigm is included in the appendix to supplement this report.

The project developed a revolutionary new process for fabricating electrochromic glass that will enable high-volume manufacturing at a lower cost than the conventional process. This project accomplished the goals of developing, fabricating, and testing the windows using a more cost-effective manufacturing process and resulted in these windows now being commercially available. Reduced cost of this technology will help address a major barrier to widespread adoption.

Widespread adoption of electrochromic windows could significantly reduce energy use associated with lighting, heating and air conditioning in California buildings. Compared to standard double-pane windows, a Lawrence Berkeley National Lab study shows electrochromic windows could reduce peak cooling loads by at least 19 percent and lighting loads by 48 percent, offering significant potential savings to California ratepayers. In existing commercial buildings, assuming a 10 percent market penetration, this technology could save California ratepayers more than 500 gigawatt hours (GWh) a year, which translates to more than $65 million annually in reduced lighting energy costs alone.

Energy Commission funding was critical to create and retain 12 jobs during a down economy at Soladigm’s research and development facility in Milipitas, California. Also, Energy Commission funding expedited the development of the technology to successfully pass National Renewable Energy Laboratory’s (NREL) reliability test almost six months ahead of schedule.  The fact that this data was available much earlier than expected allowed the project team to pursue and win the company’s first large-scale demonstration of Soladigm’s electrochromic windows at the Marine Corps Air Station Miramar, in San Diego, attracting additional federal funding to California.  

Appendix A contains a copy of the final report, Low–Cost, Energy–Saving, Solid-State Smart Windows, prepared by Soladigm for the U. S. Department of Energy under grant DE – EE0003908.
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