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BROAD AGENCY ANNOUNCEMENT TITLE:  Space Components Technology Open 5 Year Broad Agency Announcement  

BROAD AGENCY ANNOUNCEMENT NUMBER:  BAA-VS-07-03
PROPOSAL CALL ANNOUCEMENT (CALL) TITLE:  Lightweight Photovoltaic Electricity and Hydrogen for Portable, On-Demand Power for Defense Applications

PROPOSAL CALL ANNOUNCEMENT (CALL) NUMBER:  0005
TECHNICAL POINT OF CONTACT:  The technical point of contact for this CALL is 
Technical point of contract for Subparagraph C of Topic 2:

Pawel Tlomak, AFRL/VSSV, Kirtland AFB, NM, Phone: 505-853-1889, Fax: NONE, Email: pawel.tlomak@kirtland.af.mil 
CONTRACTING POINTS OF CONTACT:  The contracting points of contact for this CALL are:
Contracting Specialist:  
Yolanda Gomez-Pohl, Det 8 AFRL/PKVV, Kirtland AFB, NM, Phone: 505-853-3237, Fax: NONE, Email: yolanda.gomez-pohl@kirtland.af.mil
Contracting Officer:
Sally Walton, Det 8 AFRL/PKVV, Kirtland AFB, NM, Phone 505-846-7201, Fax NONE, Email: sally.walton@kirtland.af.mil 

REQUIREMENT DESCRIPTION:
The Air Force Research Laboratory is soliciting proposals in Space Comp0nents Technology under subparagraph C of the Space Components Technology Area, TOPIC 3, Advanced Space Power of the Broad Agency Announcement VS-07-03 posted on 02 November 2006.  See the following detailed information.

A. Description of Requirement/Statement of Need: 
The Air Force Research Laboratory (AFRL) Space Vehicles Directorate (VS) at Kirtland AFB NM is interested in receiving proposals for the development of low-cost, lightweight, and flexible thin-film solar cells and for development of lightweight solar hydrogen generation technology through the use of photoelectrochemical (PEC) cells which have application in fuel cells for space use.  Proposed solar cell technologies should be based on amorphous silicon (a-Si), II-VI alloys such as cadmium telluride (CdTe), I-III-VI materials such as copper indium gallium diselenide or CIGS (Cu(In,Ga)Se2) and next generation high efficiency solar cells based on quantum dots or other nanostructures.  The solar cells should be fabricated on lightweight, flexible substrates to optimize specific power.  Adequate engineering testing should be included that would give a high level of confidence these technologies could meet space qualification requirements.  AIAA-S-111-2005 and AIAA-S-112-2005 should be used as guidance for identification of such tests.  Proposals should consider lightweight substrates with similar specific power and meeting the environmental and mechanical requirements for space and near-space use.  The solar cell development effort should be structured as a phased approach including solar cell efficiency optimization, scale-up, monolithic integration into high-voltage modules and real-time control of the manufacturing process.  Proposal should include a strong development effort in novel materials for wide-bandgap cells that are applicable to tandem thin-film devices and will enable submodule power conversion efficiency goals of >15%.  Non-destructive and non-invasive characterization techniques for real time process monitoring to enhance quality and reliability of thin-film solar cell manufacturing should be employed.  Performance validation testing to support down selections of solar cell materials and architectures should also be clearly identified.  The next generation solar cells should demonstrate a minimum initial efficiency of 10% with a clear pathway to >15% in the near term and >35% in the mid-far term.  The proposed effort should present a feasible developmental plan and path forward to dramatically increase the efficiency of these cells.  The phased development of lightweight solar hydrogen generation technology through the use of photoelectrochemical (PEC) cells should include development and optimization of photovoltaic-electrolysis process and its efficiency, demonstration of an efficient integrated solar cell/electrolysis system, and a trade study that will provide comparative performance information for the proposed integrated photovoltaic-electrolysis process, relative to fuel cells or solar cell modules.  The trade study should be relevant to spacecraft and near-space vehicles and address the various parameters that would be affected, which include, but are not limited to, mass, volume, power consumption, environmental robustness, and on-orbit end-of-life performance.  Requirements for this basic effort are as outlined below.  

Basic:
Feasibility Study, Design and Prototype Device Manufacture.

The purpose of Basic Effort is to demonstrate subsized prototypes of solar cells demonstrating target efficiencies and the prototype PEC photoelectrode.

A. Large-Size, Thin-Film Solar Cells and Their Modules.

Develop and manufacture novel, large-size, thin-film solar cells based on a-Si, CdTe, and CIGS alloys on lightweight, flexible substrates with target submodule power conversion efficiency of >15% AM0.  Investigate alternative substrates with high specific power and monolithic integration for high-voltage, high power applications.   Employ non-destructive and non-invasive characterization techniques for real time process monitoring to enhance quality and reliability of thin-film solar cell manufacturing.  Perform performance validation testing to support down selections of solar cell materials and architectures.

B.
Novel Wide Bandgap Materials for Tandem Cells.
Develop materials and cell architecture for tandem solar cells based on wide bandgap CdTe and CIGS based alloys.  Consider other potential tandem partners.  Incorporate computer models for evaluation of cell materials fundamental properties and suitable manufacture techniques, processing optimization and down select the most suitable candidate materials and cell architectures.  Fabricate wide bandgap cells for bottom and top components of tandem cells.  

C.
Next Generation Thin-Film Solar Cells.
Explore next generation high efficiency thin-film solar cell concepts based on so-called third generation concepts such as incorporation of nanotechnologies.  Investigate suitable processing technologies and effects of processing parameters on materials properties and electrical performance of solar cells.  
D.
Photoelectrochemical Cell Development.


Develop lightweight solar hydrogen generation photoelectrodes based on thin-film solar cell for photoelectrochemical (PEC) cells (solar hydrogen cells).  Investigate high-performance catalyst materials and their multifunctional properties to satisfy operational requirements of both, the solar cell and the catalytic material.  The proposal should outline the efforts necessary to ensure that this technology meets the mass and environmental requirements for space use.   Investigate environmental stability and conversion efficiency of the candidate catalyst materials.  Fabricate prototype hydrogen generation electrode and perform tests under operational environment.  

Option 1:
Subsystem Design and Manufacture Scale-up

The purpose of Option 1 is to demonstrate reduced size monolithically integrated modules, 

Prototype tandem cell and next generation solar cells and their enhanced performance under 

simulated space environment, and results of trade studies for PEC system as well as to 

demonstrate uniform scribing on large area modules and real time monitoring of thin-film 

solar cells manufacture process.

A.
Large-Size Thin-Film Solar Cells and Their Modules.

Using basic effort results develop solar cell architectures, interconnect schemes and encapsulation and coating methodologies for optimum performance of scaled up modules.  Develop and optimize laser scribing technology on lightweight substrates.  Investigate various manufacturing technologies and down select preferred candidates.  Relate materials properties with solar cell devices performance and feedback to manufacturing.  Fabricate and test subsystem components and module prototypes, scale-up of these solar cell technologies on low-cost, large-area, lightweight substrates.  Perform testing under simulated space environments.

B.
Novel Wide Bandgap Materials for Tandem Cells.
Based on results of basic effort optimize materials and cell architecture for tandem solar cells based on wide bandgap CdTe, CIGS based alloys, and/or other materials.  Investigate and down select preferred materials and manufacturing technologies and tandem cell architectures.  Fabricate prototype tandem cell with efficiency goal of 15% and perform testing under simulated space environments.

C.
Next Generation Thin-Film Solar Cells.
Based on results from basic effort down select the optimum solar cell configurations for further development of 2 and 3 junction solar cell devices.  Perform performance validation testing.  The proposed effort should address solar cells robustness under space environment and scale-up of these solar cell technologies on low-cost, large-area, lightweight substrates.  Fabricate prototype solar cells and perform testing under simulated space environments.  A feasible developmental plan to dramatically increase the efficiency of the cells should also be provided demonstrating a minimum initial efficiency of 10% with a clear path to efficiencies >35%.  

D.
Photoelectrochemical Cell Development.


Based on results of basic effort optimize high-performance catalyst materials and suitable manufacturing technologies.  Perform a trade study that will provide comparative performance information for the proposed integrated photovoltaic-electrolysis process, relative to fuel cells or solar cell modules.  The trade study should be relevant to spacecraft and near-space vehicles and address the various parameters that would be affected, which include, but are not limited to, mass, volume, power consumption, environmental robustness, and end-of-life performance.  The combined system efficiency for the photovoltaic-electrolysis process should be included in the trade study.  Fabricate optimized prototype hydrogen generation electrode and perform tests under operational environment.

Option 2:
Subsystem Optimization and Demonstration

The purpose of Option 2 is to demonstrate large-size monolithically integrated and encapsulated solar cell modules, wide bandgap tandem solar cell, optimized next generation solar cell and PEC device as well as to demonstrate enhanced reliability of thin-film solar cells manufacture process via real time process monitoring.  Description of requirements is outlined below. 

A.
Large-Size Thin-Film Solar Cells and Their Modules.

Based on results of option 1 optimize solar cell electrical performance and monolithic integration of solar cell modules.  Determine critical parameters for large-size solar cell manufacturing and develop manufacturing facility including roll-to-roll process with minimum web width of 12 inches.  The data gathered should be used to validate efforts to enhance the manufacturing capacity, scale-up of solar cells and their modules and manufacturing reliability.

B.
Novel Wide Bandgap Materials for Tandem Cells.
Based on results of option 1 optimize materials and cell architecture for tandem solar cells based on II-VI and I-III-V alloys.  Fabricate prototype tandem solar cell based on wide bandgap I-III-VI materials.

C.
Next Generation Thin-Film Solar Cells.
Based on results of option 1 optimize suitable processing technologies and effects of processing parameters on materials properties and electrical performance of solar cells.  Fabricate and test prototype devices under simulated space environment.

D.
Photoelectrochemical Cell Development.


Based on results of option 1 down select preferred high-performance catalyst materials and manufacturing technology and optimize the device design.  Fabricate integrated prototype PEC system consisting of suitable solar cell and electrolysis component and perform validation testing to support down selection.  End-of-life catalyst efficiencies and stability for hydrogen generation, in addition to the photoelectrode efficiency and stability should be demonstrated in an effective integrated photovoltaic-electrolysis process.
ANTICIPATED FUNDING (Topic 3, Subparagraph C):  Anticipated funding for this CALL (not per contract or award) is:  FY 07:  $1 million dollars; FY 08:  $2.36 million dollars; FY 09:  $3 million dollars; FY10: $3 million dollars.  This funding profile is an estimate only and will not be a contractual obligation for funding.  All funding is subject to change due to government discretion and availability.  
PERIOD OF PERFORMANCE (Topic 3, Subparagraph C):  The anticipated period of performance for individual awards resulting from this CALL is between 12-18 months in duration.  The period of performance is to be proposed in the format “includes 18 months for the technical effort and 3 months for Final Report preparation.”  Additionally, the following schedule is set forth:
Technical Period of Performance:
Basic:

12 to 18 months

Option #1:





12 months

Option #2:





12 months
PROPOSAL DUE DATE AND TIME:  The due date for proposals submitted in response to this CALL is no later than 4:30 p.m. MDT on 10 May 2007.  Proposals for any other technology area identified in the baseline BAA will not be accepted at this time unless a CALL for proposals in that specific area is open.  Proposals received after the due date and time shall be governed by the provisions of FAR 52.215-1(c) (3).  
CALL AMENDMENTS:  Offerors should monitor FedBizOps/EPS http://www.fbo.gov for any additional notices to this CALL that may permit extensions to the proposal submission date or otherwise modify this announcement. 

ANTICIPATED TYPE OF CONTRACTS/INSTRUMENTS:  The Air Force anticipates awarding Cost Plus Fixed Fee Contracts as a result of this CALL but reserves the right to award the instrument best suited to the nature of research proposed.
ANTICIPATED NUMBER OF AWARDS:  The Air Force anticipates possibly awarding one or more contracts.  However, the Air Force reserves the right to make multiple awards or no awards pursuant to this CALL.  
ANTICIPATED AWARD DATE:  01 July 2007
INTENT TO PROPOSE:  Potential offerors are requested to advise the contracting point of contact (by e-mail)  if they intend to submit a proposal in response to this CALL.  Such notification is merely a courtesy and is not a commitment by the offeror to submit a proposal.

DELIVERABLES ITEMS:  
Basic effort:
Feasibility Study, Design and Prototype Device Manufacture.

1.
Reports addressing the results of the feasibility study, design and prototype cells and photoelectrodes manufacture.  The reports shall address all alternatives that were considered, the results of testing that was performed to support the solar cells and the photoelectrode configuration as well as processing down selections, and results of real-time manufacturing effort and analysis of component layers of solar cells developed under this effort.  Provide a description of how materials properties and fabrication parameters relate to the solar cell device performance.  A strategic development plan for option 1 shall be delivered.  
2.
Set of 20 solar cells for each of the proposed solar cell technologies and cell configurations, minimum size of 4 cm x 4 cm and the demonstrated minimum AM0 efficiencies of 10%.

3.
Set of 20 prototype wide bandgap solar cells for tandem solar cells based on I-III-VI and II-VI alloys, 0.5 cm2, with efficiencies comparable with efficiencies of the state-of-the-art cells and minimum size of 0.5 cm2.
4.
A set of 20 prototypes of next generation single and multijunction solar cells, minimum size 0.1 cm2, with minimum efficiencies of 10%.

5.
Prototype photoelectrode for hydrogen generation deposited on triple-junction a-Si or alternative solar cells.

Option #1:
Subsystem Design and Manufacture Scale-up

1. Reports addressing the results of the subsystem design and manufacture scale-up.  The test report for the prototype performance testing including testing under simulated space environment and a final design of solar cells and submodule architecture based on design and results of tests should also be provided.  A strategic development plan for option 2 shall be delivered.  

2.
Set of 20 solar cells for each of the proposed solar cell technologies and cell configurations, minimum size of 4 x 4 cm, and the demonstrated enhanced AM0 efficiencies minimum of 12%.

3.
5 monolithically integrated and interconnected submodules, approximately 12 inch x 12 inch, a-Si solar cells, with demonstrated minimum AM0 efficiencies of 10%.   

4.
5 monolithically integrated and interconnected submodules, approximately 12 inches long, of II-VI or I-III-VI based solar cells with demonstrated minimum AM0 efficiencies of 10%.   

5.
A set of 20 prototype tandem cells on flexible substrates based on an I-III-VI and II-VI alloys, 0.5 cm2, with efficiencies based on best-effort leading towards 15%.

6.
A set of 20 prototype optimized wide bandgap solar cells for tandem solar cells based on an I-III-VI and II-VI alloys, minimum 0.5 cm2, with minimum efficiencies of 10% leading towards target efficiency of 15%.
7a.
A set of 20 prototypes of next generation single and multijunction solar cells, minimum size 0.1 cm2, minimum efficiencies of 15%.  

7b.
Provide down select criteria for next generation solar cells for the option 2 and a report describing developmental progress towards achieving efficiencies 35%.

8.
Prototype photoelectrode for hydrogen generation deposited on triple-junction a-Si or alternative solar cell consisting of high-performance catalyst.

9.
Comparative trade study report (integrated photovoltaic-electrolysis process, relative to fuel cells or solar cell modules)
Option #2:
Subsystem Optimization and Demonstration

1.
Reports addressing the results of the subsystem optimization and demonstration.  The reports shall summarize results of all subsystem tests.  

2.
Monolithically integrated, interconnected and encapsulated, high-voltage (>50V), 10 submodules, approximately 12 inch wide, manufactured via roll-to-roll process, a-Si solar cells, with demonstrated minimum AM0 efficiencies of 12%.   

3.
Monolithically integrated, interconnected and encapsulated, high-voltage (>50V), 10 submodules, approximately 12 inches wide, made of II-VI or I-III-VI based solar cells with demonstrated minimum AM0 efficiencies of 12%.   

4.
A set of 20 prototype and optimized tandem cells on flexible substrates based on an I-III-VI and II-VI alloys, 4 x 4 cm, with minimum AM0 efficiencies of 15%.

5.
Further development and optimization of next generation solar cells as described in Option 1, item 7a and 7b.  Provide a minimum of two sets of 20 prototypes of optimized next generation single and multijunction solar cells, each set demonstrating incremental increase in size and efficiency.  The sizes should be greater than 0.1 cm2, and efficiencies greater than 20%.  Provide feasible developmental plan for achieving efficiencies of 35% and greater.

6.
Prototype lightweight PEC system for hydrogen generation deposited on preferred solar cell tuned for optimized performance.

7.
Report on effectiveness of non-destructive and non-invasive characterization techniques for real time process monitoring to enhance quality and reliability of thin-film solar cell manufacturing. 

OTHER RELEVANT INFORMATION:
1.  Program security classification for this call is UNCLASSIFIED.
2.  Government furnished property, equipment, or facilities needed for this requirement should be specified in the proposal.
3.  Aerospace Corporation is prohibited from submitting a proposal.
4.  Foreign owned firms are advised to contact the Contracting Officer or the Program Manager to determine if there are no restrictions to receiving awards.

5.  Other:  Specialized information or requirements which are believed to be pertinent to the requirement shall be provided by the offeror in written form and incorporated into the proposal.
6)  Item Identification and Valuation:  Any contract award resulting from this Call may include the clause at DFARS 252.211-7003, Item Identification and Valuation, (Apr 2005). See baseline BAA for additional details.
APPLICABILITY OF BASELINE BAA:  All requirements of BAA-VS-07-03 apply unless specifically amended and addressed in this CALL.  For complete information regarding BAA-VS-07-03, refer to the initial opened-ended BAA as amended.  It contains information applicable to all CALLS issued under the BAA and provides information on the overall program, proposal preparation and submission requirements, proposal review and evaluation criteria, award administration, agency contacts, etc.  Direct questions to the points of contact identified above.
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