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4.
Project Overview

A.
Specific Project Objectives

Goal.  The multiyear goal is to facilitate the early market introduction of a cost-effective, reliable, and durable electrochromic window (ECW) with the desired performance for commercial (buildings) applications.

Past.  To advance the understanding of ECW fabrication, operation, reliability, and durability and to collaborate closely with other DOE-funded work and with industry through collaborative, CRADA, and/or subcontract arrangements. 

Specific objectives for FY 1994-FY 1996 were to

(1)
Collaborate with other DOE-funded workers and with industry to establish test procedures and standards for ECWs

(2)
Test samples and prototype ECWs for performance, reliability, and durability

(3)
Fabricate state-of-the-art ECW samples as an internal standard for establishing the degradation mechanisms, 

(4)
Perform fundamental and supporting research (FSR) to improve the understanding of the critical mechanisms controlling the ECW performance and durability

(5)
To participate in ASTM and NFRC activities to develop test procedures and standards.

Current.  Specific objectives for FY 1997-FY 1998 were the same as above except objective (3) was deleted from the FY1994-1996 list.  The result is NREL has been limited from providing any significant fulfillment of objectives (1), (2), and (3).

Future.  Specific objectives for FY 1999 and beyond are to

(6)
Collaborate with other DOE-funded R and D teams to establish test procedures and standards for ECWs

(7)
Test samples and prototype ECWs for performance, reliability, and durability and specifically (a) to complete durability testing of the current sets of prototype ECWs supplied by Donnelly in  FY 1998, (b) to perform durability testing and degradation analysis of improved sets of industry-, NREL-, and other-fabricated prototype electrochromic windows and (c) to provide recommendations to industry for prototype improvement. 

(8)
Perform fundamental and supporting research to improve the understanding of the critical mechanisms controlling ECW performance and durability,

2.
Principal Project Personnel (For G, Relevant Publications, see Section 6B for all)

Technical Contributors to Project
D.K. Benson

Phn 303-384-6462

Fax 303-384-6531

dave_benson@nrel.gov
A.W. Czanderna

Phn 303-384-6460

Fax 303-384-6490

al_czanderna@nrel.gov
S.K. Deb

Phn 303-384-6405

Fax 303-384-6530

satyen_deb@nrel.gov

A.
Role in Project
Co-task Leader

Lead Fundamental and

  Supporting Research

  (FSR)

Interpret Data
Co-task Leader

Lead Durability R&D

Interpret Data

NFRC/ASTM

Participant
Advisor, Past Task Leader, and "Father" of Electrochromism

Conceive/Lead FSR

B.
Principal Areas of Research Expertise
Solid State Physics

Thin Film Science

Vacuum Technology
Surface/Interface Science

Reactions at Interfaces

Durability of Multilayer

  Solar Devices

Interface Degrad. Mech.

Service Life Prediction

Surface Analysis
Electrochromics, PV

  Materials/devices

Electro-optics

Solid State Devices Thin

  Films

Energy Conv./Storage

R&D Management

C.
Annual Hours to Project (Variable)
FY98, 150 h

FY94, 700 h
FY98, 700 h

FY94, 350 h
Up to 300 h Annually, but not Charged to Task

D.
Education

(Degree)
M.S., Physics

Univ. Missouri, 1967
Ph.D., Phys. Chemistry

Purdue University, 1957
Ph.D., Solid State Physics

Cambridge, Univ., 1960

E.
Employment History (Last Position Held)

For Deb, 60-62, NRC Res. Officer and 72-73 CNRS, France
62-77 Midwest Res.

  Inst., Scientist

77-date, NREL/SERI

  Principal Scientist
57-65, Union Carbide

  Research Scientist

65-78, Clarkson Univ.

  Professor of Physics

78-date, NREL/SERI

  Research Fellow
63-72, Am. Cyanamid

  Research Fellow

73-78 Optel Corp., Board

  of Directors & Director

  of Research

78-date, NREL/SERI

  Director, Basic Sciences

F.
Professional Honors and Activities
24 Patents with 12

  Related to ECs

Outstanding Performance

  Award, SERI/NREL

  1984, 1995

IR-100 Awards,

  1991, 1995

Member, ECS, ACS,

  SPIE


Fourth Research Award

  Energy Tech. Division

  Electrochemical Society

Fellow, AVS (1995), APS

  (1975), and NY Acad.

  Sciences (1972)

Outstanding Service

  Award, SERI, 1986

Adj. Prof., U. Denver

IR-100 Award, 1977

Distinguished Lecturer,

  AWU

Member, Ed. Adv. Boards

Activities, Member of

  AVS, ACS, APS, ECS,

  Adhesion Society, and

  ASTM

Short Courses Instructor

 AVS, ACS, NSF, NTU

 90 Courses Taught

ACS Tour Speaker
Author, First Basic

 Patents, EC Including the

  Dye-Sensitized TiO2
  Solar Cell

Fellow,  APS 1979

Distinguished Scientist,

  American Cyanamid

Outstanding Performance

  SERI, 1981

Organizer, Several Inter.

  Conf. Workshops, and

  Chair at Many Others

Invited Lecturer,

  Internationally at Many

  Labs in Many Countries

Editor and Guest Editor,

  Several Technical Jour.

IR-100 Award

Member, Scientific Advis.

  Bd, Optical Computation

  Center, U. Colorado

Adjunct Prof. EE, CU

2.
Principal Project Personnel (Continued)
Technical Contributors to Project
C.E. Tracy

Phn 303-384-6455

Fax 303-384-6531

edwin_tracy@nrel.gov
S-H. Lee

Phn 303-384-6559

Fax 303-384-6531

se_hee_lee@nrel.gov
J-G Zhang

(left NREL in August 1998; Data Available if needed)

A.
Role in Project
Prepare and Characterize ECWs; Monitor Progress of Accelerated Testing; Interpret Data

Perform FSR
Optical Characterization of ECWs; Establish Computer Control for Testing; Interpret Data

Perform FSR
Optical Characterization of ECWs; Establish Computer Control for Testing; Interpret Data

Perform FSR

B.
Principal Areas of Research Expertise
Thin Film Synthesis &

  Characterization

Vacuum Technology

Optics & Electro-optics

Materials Science

Electrochromic Technol.
Electrochem. Char. Li Ion

  Intercalation

Thin Film Microstructure

Thin Film Transport

  Phenomena

AC Impedance Spectros.

Li-based Solid Electrol.
Electrochemical Science

Transition Metal

  Chemistry

Thin Film Battery Tech.

Polymer Science

Computer Technology

C.
Annual Hours to Project
FY94-date 900 h
FY99, 900 h (planned)
FY94-98, 900 h

D.
Education

(Highest Degree)
B.A., Physical Science

The College of New

  Jersey, 1968
Ph.D., Mat. Sci. & Engr.

Seoul National Univ.,

  Korea 1997
Ph.D., Condensed Matter Physics, Univ. Kentucky, 1990

E.
Employment History

(Last Position Held)
69-80, RCA Laboratories

  Research Associate

80-98, NREL

  Staff Scientist
97-date, NREL

  Postdoctoral Res.

  Associate
77-90 China

  Various Positions

90-98, NREL

  Senior Scientist

F.
Professional Activities and Honors
20 US Patents

81, NASA Certif. Recog.

89, H.S. Wall of Fame

96, R&D 100 Award

96, Discover Mag. Award

  Finalist

97, FLC Tech Transfer

  Award

98 NREL Outstanding

  Performance Award

Member, AVS, SPIE,

  ECS
Three publications since joining NREL
Funded by OER/BES

  Chemical Sciences for

  Fundamental Studies of

  Li Batteries

Member, APS, ECS

G.
Relevant Publications
See Section 6B
See Below
See Section 6B

"Characterization of Ni-W Oxide Thin Film Electrodes", S.-H. Lee, Y.-S. Park, and S.-K. Joo, Solid State Ionics, 109 (3-4), 303 (1998).

"Monolithic, Self-powered Photovoltaic-electrochromic Coating for Windows", S.-H. Lee, W. Gao, C.E. Tracy, H.B. Branz, D.K. Benson, and S.K. Deb, J. Electrochem. Soc., 145, 3545 (1998.

"Electrochromic Mechanism in a-WO3-y Thin Films" S.-H. Lee, H.M. Cheong, Ji-Guang Zhang, A. Mascarenhas, D.K. Benson, and S.K. Deb, Appl. Phys. Lett., 74, 2 (1999).

3.
Additional Project Personnel
3A.  Additional Project Personnel
Other Members of the Technical Staff
Ren Anderson

NREL-MS 4111

Phn 303-384-6191

Fax 303-384-6226

ren_anderson@nrel.gov
David E. King

NREL-MS 3214

Phn 303-384-6688

Fax 303-384-6490

david_king@nrel.gov
Kim Jones

NREL-MS 3215

Phn 303-394-6448

Fax 303-384-6604

kim_jones@nrel.gov

A.
Education
Ph.D., Mech. Engr.

U. Colorado-Boulder
Ph.D., Chemistry

Univ. S. Florida
Assoc. Deg., Electron

 Microscopy

San Joquin College

B.
Principal Areas of Research Expertise
Fluid Mechanics

Heat Transfer
Surface Chemistry

Surface Analysis,

  Especially XPS, AES,

  and ISS

Reactions at Interfaces
Materials Science

Transmission Electron

  Microscopy and

  Diffraction

Sample Preparation

C.
Role in Project
Manager, Buildings

  Technologies

Provide Coordination of NREL Activities with Other DOE-Sponsored R&D.  Represent NREL's R&D to DOE Prog. Man.
Perform XPS and ISS

  Measurements on ECW

  Materials and Interfaces

  in Fundamental and

  Supporting Research

  (FSR).
Perform Cross-sectional TEM on Proprietary Devices.

3B.  Additional Project Personnel
Collaborators on the Project
Dr. Anoop Agrawal

Donnelly Corporation

Director Advanced

  Technology Center

4545 E. Fort Lowell Rd.

Tucson, AZ  85712

Phn 520-321-7680 x28

Fax 520-322-5635

anoop@atcdonnelly.com
Dr. Nada O'Brien

OCLI Corp.

Research Scientist

2789 Northpoint Pkwy

Santa Rosa, CA

  95497-7397

Phn 707-525-7776

Fax 707-525-7274

nobrien@ocli.com
Dr. Neil Sbar

SAGE Electrochromics

Corporate Vice-Pres.

2150 Airport Dr., Suite 2

Faribault, MN  55021

Phn 507-333-0078

Fax 507-333-0066

nsbar@blast.net

(will change 1/99)

A.
Education
Ph.D., Mat. Sci. Engr.

MIT
Ph.D., Mat. Sci. Engr.

U. Wisconsin-Milwaukee
Ph.D., Phys. Chem.

MIT

B.
Principal Areas of Research Expertise
Polymeric Materials and

  Processing

Preparation of ECWs and

  Device Processing
Thin Film Deposition by

 DC-Magnetron Sputtering

Properties of Thin Films

ECW, Process Parameters

 and Device Relationships ECW, Device Preparation Characterization of Thin

 Films and Testing
Reliability Physics

Electronics Packaging

  Technology

Gas-Phase Kinetics/

  Dynamics

Electrochromic Windows

C.
Role in Project
Prepare and Deliver ECW or EC Devices for NREL's Durability Testing and Evaluation
Prepare and Deliver ECW or EC Devices for NREL's Durability Testing and Evaluation
Prepare and Deliver ECW or EC Devices for NREL's Durability Testing and Evaluation

(9)
Continue to assist the ASTM, NFRC, and individual ECW fabricators to develop test procedures and standards

(10)
Provide specific recommendations to DOE for the next steps in the development of durable ECWs in partnership with industrial ECW fabricators.

Note, in particular, that reinstatement of objective (3) from FY1994-1996 has not been approved, as yet.  Thus, NREL is still considerably limited from providing quality-control fulfillment of objectives  (6), (7),  (8), and (9) unless the proposed objective (7 (b)) is accepted and funding is provided to do the work.

B.
This Project Relates to the DOE Mission in the Following Way.  Electrochromic windows offer the potential for beneficial control of daylight and solar heat gain through the fenestration of buildings and vehicles.  ECWs have the potential of reducing the annual US energy consumption by several quads.  However, they must be durable to be cost effective.  Assuring that such a complex and newly developed product will not fail prematurely requires an understanding of the proper use of carefully developed accelerated (ACT) and/or abbreviated testing (ABT) procedures, degradation mechanisms, compatibility of component materials, and any adverse influences that materials processing has on the performance and stability of the ECWs.

C.
Relationship to Other DOE-Funded Projects.  The NREL project is crucial for evaluating work performed in the past by Donnelly, OCLI, SAGE Electrochromics, LBNL, EIC, and Tufts U.; it is even more crucial for evaluating and helping improve ECWs fabricated in future work by SAGE, Donnelly, Eclipse Corp., and possibly AFG, OCLI, and Gentex.  None of these organizations have the combination of expensive accelerated life and other testing equipment, characterization capabilities, and in-house expertise about the interrelationships of ECW operation, performance, durability, and service lifetime.

Other EC-related activities at NREL include:

· (AEP) Inventing and developing a PV-powered, EC window using a-Si PV and tungsten oxide EC technologies,

· (IR+D) Inventing and developing a photoelectrochromic coating using Grätzel cell and EC technologies,

· Developing a fiberoptic H2 sensor using tungsten oxide and other chemochromic materials technologies, and

· (OTT) Reducing auxiliary loads in automobiles using EC glazings along with other energy conserving technologies.

In addition to the ECW expertise cited in Sections 2 and 3A, members of the reliability and service lifetime team at NREL are engaged in other DOE-funded tasks.  In these related tasks, the testing protocols, methods of evaluation and interpretation of data, and methodology for identifying degradation mechanisms and implementing mitigation of the performance losses are similar to those for the ECW project.  Present and recent tasks include:

· (PV Program) Accelerated exposure testing of c-Si photovoltaic (PV) cells, encapsulant materials, and CdTe life prediction protocols,

· (CSP Program) Accelerated life testing and lifetime prediction of solar reflectors for concentrated solar power (CSP) applications,

· (PV Program) Ultra-accelerated testing of solar materials using a high flux solar furnace,

· (LDRD) Developing a methodology for service lifetime prediction of solar devices from accelerated exposure testing,

· (LDRD) Studying interactions at metal (oxide)/self-assembled organic monolayer interfaces,

· (OH) Studying the reliability and service lifetime in solar devices, and

· (PV Program) Studying the degradation of dye-sensitized TiO2 PV cells in a solar environment.

Direct or indirect involvement in the above projects provides a significant synergism about related technical issues and results in improved efficiency for performing the ECW efforts.

D(1)
Project Funding in Dollars by DOE (Non-DOE Funding:  None)
Operating*

Funds
FY84-93

~150 K/yr
FY94

175 K
FY95

212 K
FY96

371 K
FY97

358 K
FY98

443 K
FY99**

625 K

Capital

Funds
FY 88-93

None
None
70 K
100 K
100 K
110 K
150 K

  *Operating funds include direct research and overhead costs; **FY99 figures are tentative as of 12/15/1998.

[image: image1.png]Table 1. Schedule of Major Research Activities

The major research activities are as follows (the numbers indicate the calendar year month):

Provide R&D Planning Assistance to DOE
Request Funds for Testing Equipment

Conduct Durability Testing Activities

» LBNL device o2 |3
- Tufts devices (5) 12 2
 EIC devices (2; FY94; 3"x3" FY 96)
* NREL devices
* Donnelly (Pre Phs ) 3"x3"
* Donnelly (Phs [) 14"x16"
- Donnelly (Phs [*) 3"x3"
- Donnelly (Phs I7) 14"x16"
* Donnelly (Phs II) 2"x2"
« OCLI (Pre Phs I) 3"x3"
« OCLI (Phs 1) 12"x12"
» OCLI (Phs I") 14"x16"
- OCLI (Phs ) 12"x12"
- SAGE 5.5"x6"
« SAGE 11"x12"
Perform Fundamental & Support Res.
Develop Testing Protocols
NFRC, Durability Subcommittee
ASTM, E06.22, Window Durability

Z8.C4350.01



DOE has funded EC activities at NREL in three major phases; i.e., (a) FY84-87 at about $200 K/yr; (b) FY88-FY91 at about $80 K/yr; and FY92-date with $150 K in each of FY92 and FY93 and as shown above.  In phase (a), NREL fabricated a prototype-EC window (25 cm x 25 cm); conducted fundamental studies of the fractal structure of EC WO3 and temperature dependence of the optical properties as related to EC mechanisms; invented a high-rate plasma enhanced chemical deposition process for preparing EC films; and initiated collaboration with the SAGE Corporation.  In Phase (b), NREL identified criteria for testing and evaluating the performance and durability of ECWs that included working with C. Lampert at LBL.  NREL then began implementing FSR as part of the recommendations they proposed to DOE in 1989 for ECW R&D at the $6 to $10 M/yr level.  In phase (c), DOE directed NREL to focus their activities on the durability of ECWs.  Progress on ECW durability was slow from FY91 through FY95 because only eight complete ECWs were supplied to NREL by other DOE-funded teams at LBNL, Tufts, and EIC prior to November 1995 when ECWs were received from industrial participants in the EC Initiative.

4D(2).  Not Applicable
5.  Scientific and Technical Content
A. Schedule of Major Research Activities (Table 1)

B.  Current Scientific and Technical Issues
The scientific and technical issues currently being addressed are to:

· Elucidate what parameters in durability testing are or are not of importance for EC durability

· Establish if photothermal degradation is important for each type of ECW design

· Identify sensitive measurements for detecting the early stages of EC degradation

· Develop techniques for determining the causes of degradation

· Understand the operating principles of EC coatings, especially those related to ECW stability

· Understand the importance of microstructural or micromorphological changes on ECW durability

· Identify and rank order the most important causes of degradation in different types of ECWs

· Prepare replicate EC devices in sufficient quantity for correlating predicted service lifetimes with data obtained from accelerated testing experiments

· Develop qualification test procedures

· Prepare and have approved ASTM standard methods for durability testing

C.  Technical Approach, Techniques Used,  and Resources Applied
The multiyear objectives (6)- (8), and (10) are being addressed primarily for industrially fabricated ECWs and EC devices and secondarily for EC devices prepared by DOE-funded laboratories or subcontractors.  Three activities have been closely integrated:  collaborating with industry and other DOE-funded work, testing EC samples for performance and durability, and conducting fundamental and supporting research to understand the critical mechanisms that control EC performance and durability.  The technical approach has consisted of establishing test methods, conducting ECW or EC device testing and other experimental work, and interpreting the results.  In the future, the work will include identifying the causes of ECW degradation and seeking solutions for improving the durability.  The major task activities are indicated in Section 5A.

D.  Importance of Durability Research for ECWs.
The energy savings from using ECWs potential is several quads per year.  However, the durability of cost-effective ECWs must be established for ECWs to be used commercially, and will best be stated as a predicted service lifetime.  In this way, users and suppliers can evaluate the initial cost, the anticipated reduction in energy consumed, and when replacement ECWs are likely to be needed.  No energy will be saved if ECWs do not have a proven durability.

6.
Project Output
A.  Major Recent Accomplishments
The major accomplishments from FY 1994 to date have been to 

(1)
Arrange for using Atlas XR260 and 1600 SolarClimatic weathering chambers, which were purchased with DOE-PV program funds, to test the durability of ECWs submitted to NREL by Phase I and I+ contractors.

(2)
Acquire 24-channel and 48-channel Arbin testing equipment for use with the chambers in (1) and to work with Arbin to improve the durability of their 24-channel unit.

(3)
Complete the testing of ECWs from Donnelly (14 in x 16 in), OCLI (12 in x 12 in), and SAGE (5.5 in x 6 in; 11 in x 12 in) and rank the relative merits of each type of ECW.  The Donnelly and OCLI ECWs were provided under Phases I and I+ of the DOE initiative.  Those from SAGE, which were developed with NIST ATP funding, were sought and received by the NREL ECW team for testing.

(4)
Complete the accelerated testing of smaller EC devices supplied by Donnelly (3 in x 3 in and 2 in x 2 in) and OCLI (3 in x 3 in) and use a test matrix that allowed us to study the relative importance of V-I cycling, simulated solar irradiance, temperature, duty cycle, and irradiance intensity.

(5)
Develop, in partnership with our industrial collaborators and ASTM participants, testing protocols suitable for evaluating the potential durability of ECWs for buildings applications.

(6)
Identify for DOE the rank-ordered relative durability of industrially-made ECWs and likelihood each ECW offers for reaching the ultimate goal.

(7)
Summarize the FSR activities carried out through FY 1996; by DOE directive, the FSR activities have been postponed because of priority use of funds for ECW testing.

(8)
Prepare for ASTM ballot documents on generic service lifetime prediction of multilayered glazings and a standard test method for assessing ECW durability.

(9)
Purchase and install (total cost ~$400 K) an Atlas XR-260 weathering chamber with a 4 ft x 6 ft horizontal sample plane for solar irradiance, T, RH, and cyclic I-V testing of ECWs.

(10)
Purchase and install at Donnelly (on loan to them) an Atlas Ci4000 weather chamber for prescreening prototype EC devices (up to 4 in x 4 in).

(11)
Invented a rugged, thin-film, glass lithium-ion conductor suitable for application in electrochromic windows.

(12)
Fabricate and optimize an ITO/WO3/polymer electrolyte/V2O5/ITO device to use as a model test device for NREL's durability, lifetime testing program.

(13)
Show from XPS and ISS analysis a correlation between a high coloring efficiency and a large oxygen defect concentration in tungsten oxide.

(14)
Complete the design, procurement, and installation of a custom, in-line, load-locked, multi-chamber thin film vacuum deposition system ($400 K cost from multiprogram funds) capable of coating large-scale (0.1 m2) EC devices.

(15)
Obtain two patents on designs of PV-powered EC windows for retrofit fenestration applications in buildings.

(16)
Provide technical support to DOE for ECW research planning, evaluation of proposals from industry for a $1.5M DOE initiative, and evaluation of ECWs prepared by the industrial participants.

(17)
License a patented high-rate plasma enhanced chemical deposition process for preparing EC films to Eclipse Inc. (Florida).

6B(1)  Publications from This Project
"Evaluation Criteria and Test Methods for Electrochromic Windows"

A. W. Czanderna and C. M. Lampert. (SERI/PR-255-3537, July, 1990).

"The Influence of Microstructure on the Electrochromic Properties of WO3 Thin Films"

J-G. Zhang, C. E. Tracy, D. K. Benson, D. Williamson, Y. Chen, R. Crandall, A. W. Czanderna and S. K. Deb, Preprints, Long Abstract, 181st Meeting, St. Louis, MO, The Electrochemical Society, Pennington, NJ, 1992.

"Self-bleaching Mechanism of Electrochromic WO3 films," J-G. Zhang, D.K. Benson, C.E. Tracy, J. Webb and S.K. Deb, in Optical Materials Technology for Energy Efficiency and Solar Energy Conversion XII, eds. by C.M. Lampert, SPIE, 2017, 104 (1993).

"The Influence of Microstructure on the Electrochromic Properties of LixWO3, Thin Films:  (I).  Ion Diffusion and Electrochromic Properties," J.-G. Zhang, C.E. Tracy, D.K. Benson and S.K. Deb, J. Mater. Res. 8, 2649 (1993).

"The Influence of Microstructure on the Electrochromic Properties of LixWO3, Thin Films:  (II).  Limiting Mechanism in Coloring and Bleaching Process," J.-G. Zhang, D.K. Benson, C.E. Tracy  and S.K. Deb, J. Mater. Res. 8, 2657 (1993).

"Fractal Porosity and Lithium Ion Kinetics in Electrochromic LixWO3"

D. K. Benson, J-G. Zhang, C. E. Tracy, A. W. Czanderna and S. K. Deb, Preprints, Long Abstract, 184th Meeting, New Orleans, LA, The Electrochemical Society, Pennington, NJ, 1993. (NREL/TP-452-5577, May 1993).

"Optimization Study of Solid State Electrochromic Devices Based on WO3/Lithium Polymer Electrolyte/V2O5 Structures"

J-G. Zhang, D. K. Benson, C. E. Tracy, S. K. Deb, A. W. Czanderna and R. S. Crandall, J. Electro. Soc., 141 (1994) 2795. (NREL/TP-452-6287, January, 1994).

"Electrochromic Devices Using a Li2O-CeO2-SiO2 Ion Conductor," Ji-Guang Zhang, David K. Benson, C. Edwin Tracy, Satyen K. Deb and Clemens Bechinger, Proc. Symposium on Thin-Film Ionic Devices and Materials, Vol. 95-22, ECS, Pennington, NJ, 1996, p. 125.

"Spectral Selectivity of Electrochromic Windows with a Color State for All-Sky Conditions," D.E. Soule, J-G. Zhang, and D. K. Benson, Proceedings of SPIE Conference in San Diego, CA, July 1995, vol., 2531.

"Reminiscences on the Discovery of Electrochromic Phenomena in Transition Metal Oxides," Satyen K. Deb, presented at the First International Meeting on Electrochromism, Murano-Venice, Italy, Oct. 19-21, 1994, Solar Energy Materials and Solar Cells, 39 (1995) pp. 191-201.

"Chromic Mechanism in Amorphous WO3 Films"

J-G. Zhang, D. K. Benson, C. E. Tracy, S. K. Deb, A. W. Czanderna and C. Bechinger, Proc. Electrochemical Soc. Meeting, San Antonio, TX, October 6-10, 1996, J. Electrochem. Soc., 144 (1997) 2022.

"Durability Testing of Electrochromic Windows"

A. W. Czanderna, C. E. Tracy, J-G. Zhang and D. K. Benson, NREL Video, June 1997, General Distribution, 15 minutes; Restricted Distribution, 30 minutes.

A. W. Czanderna, D. K. Benson, J-G. Zhang, C. E. Tracy and S. K. Deb, "Accelerated Life Testing of Large-Area Electrochromic Devices for Window Applications," in C. M. Lampert and C. G. Granqvist, eds., Optical Materials Technology for Energy Efficiency and Solar Energy Conversion XV, Vol. 3138, Proc. SPIE, Bellingham, WA, 1997, pp. 6875. (NREL/TP-510-23249, July 1997).

"Solid Lithium-Ion Electrolyte," Zhang, J. G., Benson, D. K., Tracy, C. E., U.S. Patent No. 5,716,736; (February 10, 1998).

"Thin Film Method of Conducting Lithium Ions," J-G. Zhang, D.K. Benson, and C.E. Tracy, U.S. Patent 5,834,137, November 10, 1998.

A. W. Czanderna, D. K. Benson, G. J. Jorgensen, J-G. Zhang, C. E. Tracy and S. K. Deb, "Durability Issues and Service Lifetime Prediction of Electrochromic Windows for Buildings Applications," Solar Energy Materials and Solar Cells, xx (1998 or 1999) xxx. (NREL/TP--510-22702, February 1997).  In Press.

"Accelerated Durability Testing of Electrochromic Windows"

C. E. Tracy, J-G. Zhang, D. K. Benson, A. W. Czanderna and S. K. Deb, (In Press for publication of the Proc. of IME-3, 3rd International Conference on Electrochromism, Electrochim Acta).  (NREL/CP-520-25614, September 1998).

6B(2)  Testing Reports Delivered to EC Fabricators (Major Reports, Phase I or I+ Participants and SAGE))
Donnelly Corp.
OCLI



SAGE


EIC

(I) June 1996 (3" x 3")
(I) June 1996 (3" x 3")

Oct. 1995

June 1995

(I) Nov. 1996 (14" x 16")
(I) Nov. 1996 (12" x 12")
-------------

------------

(I) Dec. 1996 (14" x 16")
(I) Dec. 1996 (12" x 12")
Dec. 1996

Dec. 1996


(I) Jan. 1997 (14" x 16")
(I) Jan. 1997 (12" x 12")

Jan. 1997 (5.5" x 6")
Jan. 1997 (3" x 3")

(I) Feb. 1997 (14" x 16")
(I) Feb. 1997 (12" x 12")

Feb. 1997 (5.5" x 6")
Feb. 1997 (3" x 3")

(I+) Nov. 1997 (14" x 16")
(I+) Nov. 1997 (12" x 12")
Jan. 1998 (11 x 12)
------------

(I+) Feb. 1998 (3" x 3")
(I+) Feb. 1998 (3" x 3")

Mar. 1998 (5.5" x 6")
------------

Mar. 1998 (11" x 12")
------------
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