FINANCIAL ASSISTANCE
FUNDING OPPORTUNITY ANNOUNCEMENT

U.S. Department of Energy

Office of Science

Annual Phase | Small Business Innovation Research (SBIR)
Small Business Technology Transfer (STTR)
Funding Opportunity Announcement

Funding Opportunity Number: DE-FOA-0000413
Announcement Type: Amendment 000003

CFDA Number: 81.049

ISSUE DATE: September 28, 2010
PREAPPLICATION DUE DATE: Not Required
LETTER OF INTENT DUE DATE: Not Required

APPLICATION DUE DATE: November 15, 2010, 08:00 PM Eastern Time
The purpose of this amendment is to: (1)

update the Initial Review criteria on page 18,



Return to Top of FOA

and (2) clarify the guidance for applicants
intending to submit an application to both the
SBIR and STTR programs on page 12. The
clarification ensures that proposals submitted
under both programs simultaneously meet the
eligibility criteria, including budget thresholds
($100K), for both programes.

Where to Submit: All Phase I applications must be submitted through Grants.gov web portal to
be considered for award. You cannot submit an application through Grants.gov unless you are
registered. Please read the registration requirements carefully and start the process immediately.
Remember you have to update your Central Contractor Registration (CCR) number each year
(see Registration Requirements below). If you have any questions about your CCR, please
contact the Grants.gov Helpdesk at 1-800-518-4726.

Registration Requirements: There are several one-time actions you must complete in order to
submit an application through Grants.gov (e.g., obtain a Dun and Bradstreet Data Universal
Numbering System (DUNS) number, register with the CCR via the credential provider, and
register with Grants.gov). See Grants.gov “Get Registered” and use the Grants.gov Organization
Registration Checklist to guide you through the process. Designating an E-Business Point of
Contact (EBiz POC) and obtaining a special password called an MPIN are important steps in the
CCR registration process. Applicants, who are not registered with CCR and Grants.gov, should
allow at least 21 days to complete these processes. It is suggested that you begin the registration
process for each of these requirements as soon as possible.

IMPORTANT NOTICE TO POTENTIAL APPLICANTS: When you have completed the
process, please call the Grants.gov Helpdesk at 1-800-518-4726 to verify that you have been
appropriately registered.

Questions relating to the registration process, system requirements, how an application form
works, or the submittal process must be directed to Grants.gov at 1-800-518-4726 or via email to
support@grants.gov. DOE cannot answer these questions.

Questions regarding the content of this Funding Opportunity Announcement (FOA), including
the Phase | DOE SBIR/STTR Technical Topics must be submitted through the FedConnect
portal. Part VI of this announcement explains how to submit these types of questions to the
DOE via FedConnect. You must register with FedConnect to respond as an interested party to
submit questions, and to view responses to questions. It is recommended that you register as
soon after release of the FOA as possible to have the benefit of all responses. More information
is available at https://www.fedconnect.net/FedConnect/PublicUserReqistration.aspx and
https://www.fedconnect.net/FedConnect/PublicPages/FedConnect Ready Set Go.pdf.



http://grants.gov/�
http://grants.gov/�
https://www.bpn.gov/ccr/default.aspx�
https://www.bpn.gov/ccr/default.aspx�
https://www.bpn.gov/ccr/default.aspx�
http://grants.gov/�
http://grants.gov/�
http://fedgov.dnb.com/webform/displayHomePage.do�
https://www.bpn.gov/ccr/default.aspx�
http://grants.gov/�
http://grants.gov/�
http://www.grants.gov/applicants/get_registered.jsp�
http://grants.gov/�
http://grants.gov/assets/Organization_Steps_Complete_Registration.pdf�
http://grants.gov/assets/Organization_Steps_Complete_Registration.pdf�
https://www.bpn.gov/ccr/default.aspx�
https://www.bpn.gov/ccr/default.aspx�
http://grants.gov/�
http://grants.gov/�
http://grants.gov/�
mailto:support@grants.gov�
https://www.fedconnect.net/FedConnect/PublicPages/FedConnect_Ready_Set_Go.pdf�
https://www.fedconnect.net/FedConnect/PublicPages/FedConnect_Ready_Set_Go.pdf�
https://www.fedconnect.net/FedConnect/PublicPages/FedConnect_Ready_Set_Go.pdf�
https://www.fedconnect.net/FedConnect/PublicUserRegistration.aspx�
https://www.fedconnect.net/FedConnect/PublicPages/FedConnect_Ready_Set_Go.pdf�

Return to Top of FOA

DOE will respond to a question within three (3) business days, unless a similar question and
answer has already been posted on the FedConnect website.

DOE FY 2011 SBIR/STTR Technical Topic Descriptions

To download the FY 2011 Phase | Technical Topics in a searchable PDF file, please visit the
DOE SBIR/STTR web site at http://www.science.doe.gov/sbir/Docs/2011TopicDescriptions.pdf.
Narrative descriptions of the DOE FY 2011 SBIR/STTR Phase | Technical Topics can also be
found via FedConnect search, under Funding Opportunity Number — DE-FOA-0000413.
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PART | - FUNDING OPPORTUNITY DESCRIPTION

This Funding Opportunity Announcement (FOA) describes Phase I funding opportunities for the
Small Business Innovation Research (SBIR) and the Small Business Technology Transfer
(STTR) programs for Fiscal Year 2011.

Phase | opportunities are announced annually pursuant to the Small Business Innovation
Development Act of 1982 (Public Law 97-219), SBIR Program Reauthorization Act of 2000
(Public Law 106-554), the Small Business Research and Development Act of 1992 (Public Law
102-564), and the STTR Program Reauthorization Act of 2001 (Public Law 107-50). SBIR or
STTR grants may not be awarded until the Programs are extended or renewed by Public Law.
Small businesses (see definition in Part 111 — Eligibility Information) with strong research
capabilities in science or engineering are encouraged to apply. Some topics may seek
manufacturing-related innovations in accordance with Executive Order 13329, “Encouraging
Innovation in Manufacturing.”

The objectives of these programs include increasing private sector commercialization of
technology developed through DOE-supported research and development (R&D), stimulating
technological innovation in the private sector, and improving the return on investment from
Federally-funded research for economic and social benefits to the nation. DOE will support
high-quality research or R&D on advanced concepts concerning important mission-related
scientific or engineering problems and opportunities that are likely to lead to significant public
benefit from promising research.

Other than different eligibility requirements (see Part 111 Eligibility Information), the major
difference between the SBIR and STTR programs is that STTR grants must involve substantial
cooperative research collaboration between the small business and a single research institution
(see definitions in Appendices/Reference Material at the end of this FOA). However, it should
be noted that the SBIR program also permits substantial collaboration between the small
business and other organizations, including research institutions. The difference is that in SBIR,
the collaboration is optional, while in STTR, the collaboration is required and must be
cooperative in nature.

SBIR/STTR Program Phases:

Phase I: Phase | grants resulting from this competition will be made during Fiscal Year 2011 to
small businesses, in amounts up to $150,000 for SBIR and up to $100,000 for STTR. Phase I is
to evaluate, insofar as possible, the scientific or technical merit and feasibility of ideas that
appear to have commercial potential and/or substantial applications in support of DOE mission
research facilities. The grant application should concentrate on research that will contribute to
proving scientific or technical feasibility of the approach or concept. Success in a DOE Phase |
IS a prerequisite to further DOE support in Phase I1.

An important goal of these programs is the commercialization of DOE-supported research or
R&D. Following the start of Phase I, DOE encourages its awardees to begin thinking about and
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seeking commitments from private sector or Federal non-SBIR/STTR funding sources in
anticipation of Phases Il and I1l. The commitments should be obtained prior to the Phase Il grant
application submission. The commitment for Phase 111 may be made contingent on the DOE-
supported research or R&D meeting some specific technical objectives in Phase I1, which, if met,
would justify funding to pursue further development for commercial purposes in Phase Il1.
Having firm commitments in place at the time of a Phase Il application will increase the
likelihood of receiving full commercialization planning credit during the evaluation of the
application. Full details will be provided in the Phase 11 FOA.

Phase I1: Phase Il is the principal R&D effort, and only previous DOE Phase | grantees will be
eligible to compete for subsequent Phase Il continuation of their Phase I projects. Phase Il
awards are expected to be made during fiscal year 2012 to small businesses with approaches that
appear sufficiently promising as a result of the Phase | effort. Phase Il grant awards are expected
to be in amounts up to $1,000,000 for SBIR awards and up to $750,000 for STTR awards. The
period of performance under Phase 11 will depend on the scope of the effort, but normally will
not exceed 24 months. It is anticipated that one-third to one-half of Phase | awardees submitting
a Phase Il application will successfully receive a Phase Il award. Instructions and eligibility
requirements for submitting Phase 11 grant applications will be posted at a later date on the
internet at www.grants.gov. The work proposed for Phase | and Phase 11, assuming that it
proceeds, should be suitable in nature for subsequent progress to non-SBIR/STTR funding in
Phase 111 (see Phase Il below for more details).

Phase I11: Under Phase Ill, it is intended that non-SBIR funds be used by the small business to
pursue commercial applications of the R&D. That is, the non-SBIR/STTR funding pays for
research or R&D meeting DOE mission-related objectives identified by the DOE Phases | and Il;
non-SBIR capital provides follow-on developmental funding to meet commercial objectives or
Phase I1l. Additionally, under Phase 11, Federal agencies may award non-SBIR/STTR funded
follow-on grants or contracts for (1) products or processes that meet the mission needs of those
agencies, or (2) further research or R&D. The competition for SBIR/STTR Phase | and Phase 11
awards satisfies any competition requirement of the Federal Property and Administrative
Services Act, and the Competition in Contracting Act. Therefore, an agency that funds an
SBIR/STTR Phase 111 project is not required to conduct another competition in order to satisfy
those statutory provisions.
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PART Il - AWARD INFORMATION

A. TYPE OF AWARD INSTRUMENT

DOE anticipates awarding grants under this FOA.

B. ESTIMATED FUNDING

Approximately $38 Million is expected to be available for new Phase | awards under this FOA.
C. MAXIMUM AND MINIMUM AWARD SIZE

Ceiling (i.e., the maximum amount for an individual award made under this FOA):
$150,000 for SBIR grants and $100,000 for STTR grants.

Floor (i.e., the minimum amount for an individual award made under this FOA): N/A

D. EXPECTED NUMBER OF AWARDS

DOE anticipates making approximately 250 awards under this FOA. SBIR and STTR awards
are subject to the availability of funds and this FOA does not obligate DOE to make any awards
under Phase I.

E. ANTICIPATED AWARD SIZE

The average award size for these programs in Fiscal Year 2010 was $99,834. DOE expects the
average award size to increase slightly for the SBIR program since the SBIR funding ceiling has
been increased to $150,000; however, the STTR ceiling remains at $100,000.

F. PERIOD OF PERFORMANCE

DOE anticipates making awards that will run for up to 9 months with a project period begin date
in June 2011.

G. TYPE OF APPLICATION

DOE will accept new Phase | applications under this FOA.
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PART 11l - ELIGIBILITY INFORMATION

A. ELIGIBLE SBIR AND STTR APPLICANTS

Only U.S. small business concerns (SBCs) are eligible to submit SBIR applications. Joint
ventures, as defined in “Appendices/Reference Material,” may apply, provided the entity created
also qualifies as a small business at the time of the award. An SBC is one that, at the time of
award for both Phase I and Phase 11 SBIR awards, meets all of the following criteria:

1. Organized for profit, with a place of business located in the United States (U.S.), which
operates primarily within the U.S. or which makes a significant contribution to the U.S.
economy through payment of taxes or use of American products, materials or labor;

2. Inthe legal form of an individual proprietorship, partnership, limited liability company,
corporation, joint venture, association, trust or cooperative, except that where the form is
a joint venture, there can be no more than 49% participation by foreign business entities
in the joint venture;

3. At least 51% owned and controlled by one or more individuals who are citizens of, or
permanent resident aliens in, the U.S., or it must be a for-profit business concern that is at
least 51% owned and controlled by another for-profit business concern that is at least
51% owned and controlled by one or more individuals who are citizens of, or permanent
resident aliens in, the U.S. (except in the case of a joint venture, where each entity to the
venture must be 51 % owned and controlled by one or more individuals who are citizens
of, or permanent resident aliens in, the U.S.); and

4. Has, including its affiliates, not more than 500 employees and meets the other regulatory
requirements found in 13 C.F.R. Part 121. Business concerns, other than investment
companies licensed, or state development companies qualifying under the Small Business
Investment Act of 1958, 15 U.S.C. 661, et seq., are affiliates of one another when either
directly or indirectly, (a) one concern controls or has the power to control the other; or (b)
a third-party/parties controls or has the power to control both.

Control can be exercised through common ownership, common management, and
contractual relationships. The term "affiliates” is defined in greater detail in 13 C.F.R.
121. The term "number of employees" is defined in 13 C.F.R. 121.

Further information may be obtained by contacting the Small Business Administration
Size District Office at http://www.sba.gov/size/.

SBC’s submitting to both the SBIR and STTR programs must meet eligibility
requirements of both SBIR and STTR applicants.
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B. COST SHARING

Cost sharing under this FOA is not required and will not be an evaluation factor in consideration
of your Phase | proposal.

C. OTHER ELIGIBILITY REQUIREMENTS

The research or R&D must be performed in the U.S. for both Phases I and 1l. "U.S." means the
50 states, the territories and possessions of the U.S., the Commonwealth of Puerto Rico, the
Republic of the Marshall Islands, the Federated States of Micronesia, the Republic of Palau, and
the District of Columbia. Non-U.S. citizens are eligible to perform work on SBIR/STTR
projects provided they are legally empowered to work in the U.S. at the time that an award is
made and throughout the duration of the project. That is, a foreign national working on an
SBIR/STTR project must NOT be an illegal alien and must be an immigrant alien or a foreign
national visiting the U.S. on an approved VISA. Foreign nationals who have applied for and
received a "green card" are considered permanent residents.

None of the employees or owners of the applicant Small Business may be Consultants. None of
the employees or owners of the Applicant Small Business may be employees of a Subcontractor,
except when the Subcontractor is a research institution. Consultants must not be employees of
any proposed Subcontractor.

Restrictions on Submitting Applications

1. Choice of Topic and Subtopic — Each grant application must be submitted to only one topic
and, within the topic, to only one subtopic. DOE will not assign a topic and/or subtopic to
grant applications; this must be done by the applicant. When a grant application has
relevance to more than one subtopic, the applicant must decide which subtopic is the most
relevant and submit the grant application under that subtopic only.

2. Responsiveness — To be considered responsive, a grant application must fall within the
description of the subtopic, and also satisfy any conditions contained in the introductory
section of that topic. The language in both the topic introductions and the subtopics should
be taken literally. Applications that do not directly address the subtopic statement will be
declined for non-responsiveness, and will not be peer reviewed.

3. Submitting to both SBIR/STTR Programs — Grant applications that include a substantial
amount of cooperative research collaboration (at least 30%) with a single research institution
may be considered for funding in both programs. Applicants may indicate their interest in
being considered for both programs by selecting the appropriate box under “Program Type”
on the “SBIR/STTR Information” form.

4. Duplicate Applications — Duplicate grant applications, even if submitted to different topics

and/or subtopics, will be rejected without review. That is, the application with the latest
Grants.gov submission date and time will be the only version accepted for evaluation.

10
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5. Multiple Applications — There is no limit on the number of different grant applications a
small business may submit, even to the same subtopic. However, each application must be
uniquely responsive to the topic and subtopic.

Restrictions on the Principal Investigator (PI)

1. General Pl Requirements and Restrictions — The P1 is the key individual designated by the
applicant to direct the project. Only one Pl is acceptable per project. Co-Pls are not allowed
and should not be proposed. The PI must be knowledgeable in all technical aspects of the
grant application and be capable of leading the research effort. DOE's evaluation of the grant
application is critically dependent on the qualifications of the PI. Any changes in the PI that
are made after award selection are strongly discouraged and must be pre-approved by DOE.
Requests for PI changes will be closely scrutinized and may cause delays in grant execution.

In addition, the P1 is required to devote to the project a considerable part of his or her time.
“Considerable” means a minimum average of three (3) hours per week for the duration of the
project for both SBIR and STTR Phase | projects. For example a nine (9) month project,
lasting 39 weeks, would require a commitment of 117 hours. Applicants must state the
duration of the project in weeks, if the project is to be completed in less than nine (9) months,
in order to make it clear that this requirement is fully met. In order to ensure appropriate
technical guidance for the project, only one PI will be accepted per project.

Before a grant is awarded, the PI will be required to sign a statement certifying adherence to
these requirements. Non-U.S. citizens are eligible to perform work on SBIR/STTR projects
provided they are legally empowered to work in the U.S. and perform the project work in the
U.S. at the time that an award is made and throughout its duration. That is, a foreign national
working on an SBIR/STTR project must NOT be an illegal alien and must be an immigrant
alien or a foreign national visiting the U.S. on an approved VISA. Foreign nationals who
have applied for and received a "green card" are considered permanent residents.

2. Additional PI Restrictions when submitting to SBIR Program Only — To be awarded an SBIR
grant, the applicant must meet the general requirements and the PI’s primary employment
must be with the small business applicant at the time of award and during the conduct of the
proposed research. Primary employment means that no less than 20 hours per week is spent
in the employment of the small business during the conduct of the project and no more than
19 hours per week spent in the employment of another organization.

3. Additional PI Restrictions when submitting to STTR Program Only — To be awarded an
STTR grant, the applicant must meet the general requirements and the PI's primary
employment may be with the small business applicant or the research institution. However,
the small business must still provide technical control and oversight of the project. If the Pl
is employed by the research institution, their primary employment (at least 20 hours per
week) must be with the research institution in order to qualify under STTR and the research
institution must provide at least 30% of the research effort.

4. PI Restrictions when submitting to both SBIR and STTR Programs — Applicants submitting
to both programs must adhere to the P1 restrictions set forth. Therefore, if the PI is employed

11
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by the small business, the applicant is eligible to submit to both programs. However, in cases
where the Pl is employed by the research institution, the application will only be considered
under the STTR Program.

Restrictions on the Level of Small Business Participation

1. For both SBIR and STTR Programs, there are requirements on the amount of the research or
analytical effort that must be performed by the small business in order to be selected for and
to receive a grant. The research or analytical effort is defined as the total requested funding
minus the cost of any purchased or leased equipment, materials, and supplies (whether
purchased by the applicant, a research institution, or by any other subcontractor). Please
refer to the Level of Effort Worksheet to assist you in assuring the application is in
compliance. Work performed by a consultant, a DOE national laboratory, or any other
subcontractor, will be considered as external to the applicant organization when complying
with these requirements.

2. SBIR Restrictions — To be awarded an SBIR grant, a minimum of two-thirds or 67% of the
research or analytical effort must be carried out by the small business applicant during Phase
I; correspondingly, a maximum of one-third or 33% of the effort may be performed by an
outside party such as consultants or subcontractors. (In Phase Il, a minimum of 50% of the
research or analytical effort must be carried out by the small business applicant).

3. STTR Restrictions — To be awarded an STTR grant, at least 40% of the research or analytical
effort must be allocated to the small business applicant, and at least 30% of the effort must be
allocated to a single research institution. (The same requirement is applicable for both STTR
Phase | and Phase 11.)

Guidance for Submitting to both SBIR and STTR Programs:

Grant applications that include a substantial amount of cooperative research collaboration with a
single research institution may be considered for funding in both programs, ONLY if the Pl is
employed by the small business applicant.

If you choose to be considered in both programs, prepare the grant application to meet the
requirements of the SBIR program but limit the budget amount to $100,000 as required by the
STTR program. It is unlikely that STTR requirements can be satisfied unless the subcontract for
the single research institution is at least $33,000; this figure does not include costs for
purchased/leased equipment or materials/supplies. Applicants should indicate their interest in
being considered for both programs by clicking the appropriate box on the SBIR/STTR
Information Form (see Part IV, Section C).”

Restrictions on the Management of SBIR/STTR Projects

All SBIR and STTR funding agreements are made with the small business applicant regardless
of the proportion of the work or funding of each of the performers (small business, research
institution, subcontractor, etc.) under the grant. As the primary grantee, the small business
applicant has the overall responsibility of the project, including financial management and the

12
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direction and control of the performance. For STTR projects, where the Pl is employed by the
research institution, the small business applicant will maintain the overall supervision of the
project, while the P1 will manage the research portion of the project.

It is recommended that all agreements between the small business applicant and any
subcontractor (including the research institution collaborating in an STTR project) reflect the
controlling management position of the small business applicant during the performance of the
Phase | and/or Phase Il project. This includes, but is not limited to, any business plan concerning
agreements and responsibilities between the parties or for the commercialization of the resulting
technology.

13
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PART IV - APPLICATION AND SUBMISSION INFORMATION

A. ADDRESS TO REQUEST APPLICATION PACKAGE

Application forms and instructions are available at Grants.gov. To access these materials, go to
http://www.grants.gov, select "Apply for Grants"”, and then select "Download Application
Package." Enter the CFDA and/or the funding opportunity number located on the cover of this
FOA and then follow the prompts to download the application package.

B. LETTER OF INTENT AND PRE-APPLICATION
1. Letter of Intent
Letters of Intent are not required.
2. Pre-Application
Pre-Applications are not required.
C. CONTENT AND FORM OF APPLICATION
Page Limits: The project narrative must be no longer than 20 pages of text and should be in a
single PDF file with the exception of the budget justification, level-of-effort worksheet, and

project summary, which must be attached separately as directed in Grants.gov. It must be typed
in 12-point font, with 1-inch margins on standard 8-1/2” x 11" paper.

For detailed application, forms, and other applicant information, please see the “Instructions for
Completing a DOE SBIR/STTR Phase | Grant Application™ provided as an attachment to this
FOA. If there are any inconsistencies between the information provided in the FOA and the
attached instructions, the information contained in the FOA prevails.

D. SUBMISSIONS FROM SUCCESSFUL APPLICANTS
If selected for award, DOE reserves the right to request additional or clarifying information for
any reason deemed necessary, including, but not limited to:

e Indirect cost information;

e Other budget information;

e Name and phone number of the Designated Responsible Employee for complying with
national policies prohibiting discrimination (See 10 CFR 1040.5);

e Representation of Limited Rights Data and Restricted Software, if applicable;
e Commitment Letter from Third Parties Contributing to Cost Sharing, if applicable;

e Fee justification;

14


http://www.grants.gov/�
http://www.science.doe.gov/sbir/Files/ManageApp/PhaseIGrantApplicationInstructions.pdf�
http://www.science.doe.gov/sbir/Files/ManageApp/PhaseIGrantApplicationInstructions.pdf�
http://edocket.access.gpo.gov/cfr_2002/janqtr/pdf/10cfr1040.5.pdf�

Return to Top of FOA

e Representation concerning financial management system; and

e Consultant documentation/verification of rates.
SBIR/STTR Certifications

If selected for an award, applicants will be required to sign and submit one or more certification
forms. These forms will be provided by the DOE Contract Specialist during award negotiation.
For more information, please refer to Section 5.1 Small Business Concern SBIR Verification
Statement in the “Instructions for Completing a DOE SBIR/STTR Phase | Grant Application.”

The following hyperlinked documents are provided for information purposes only and are
subject to changes and updates prior to award negotiation.

e Principal Investigator Certification
e Property and Commercialization Rights Agreement Certification
o DOE STTR Model Agreement for Property and Commercialization Rights

E. SUBMISSION DATES AND TIMES

Application Due Date — Applications must be received by November 15, 2010, 8:00 PM Eastern
Time. You are encouraged to transmit your application well before the deadline. Applications
received after the deadline will not be reviewed or considered for award.

Unsolicited grant applications will not be accepted. Any submission incorporating data affecting
the national security will not be accepted for evaluation.

F. INTERGOVERNMENTAL REVIEW

This program is not subject to Executive Order 12372 — Intergovernmental Review of Federal
Programs.

G. FUNDING RESTRICTIONS

1. Cost Principles — Costs must be allowable in accordance with the applicable Federal cost
principles referenced in 10 CFR Part 600. The cost principles for commercial organizations
are found in Federal Acquisition Regulation (FAR) Part 31.

2. Indirect Costs — Indirect costs are normally a component of a project budget and derive from
an applicant’s Indirect Rate(s), established in accordance with its financial management
system. Experience has shown that creating and supporting these rates can be one of the
most problematic elements of a budget, and the subsequent negotiation of costs for the
project. Applicants are encouraged to be proactive in ensuring that all proposed rates are
established in a timely manner and in accordance with applicable cost principles. If you are
selected for award, establishing the acceptability of your proposed indirect costs, if any, is
essential to the review of your budget and may take various forms, including: 1) An Indirect
Cost Rate Agreement (ICRA) in effect with your cognizant Federal agency which covers the
period of performance of this award and supports the indirect rate(s) proposed; 2) If no ICRA
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exists, an Indirect Cost Rate Proposal may be submitted to DOE for evaluation; or 3) indirect
rates which have been accepted for estimating purposes by DOE or another Federal agency
for the period of performance of this award.

If you are proposing indirect costs and do not already have an Indirect Cost Rate Agreement
with your cognizant Federal agency or documentation of rates accepted for estimating
purposes by DOE or another Federal agency, it is recommended that you begin preparing an
Indirect Cost Rate Proposal to be submitted, upon request, to the DOE Contract Specialist
who will evaluate your proposal if you are selected for award.

For your convenience in preparing an Indirect Cost Rate proposal, links are provided below
to the document titled “Guidance for Indirect Rate Submission” and to the ““Simple Indirect
Rate Model”” in MS Excel format.

0 Guidance for Indirect Rate Submission
o Simple Indirect Rate Model in Excel format

3. Pre-award Costs — Recipients may charge to an award resulting from this FOA, pre-award
costs that were incurred within the ninety (90) calendar day period immediately preceding
the effective date of the award, if the costs are allowable in accordance with the applicable
Federal cost principles referenced in 10 CFR Part 600. Recipients must obtain the prior
approval of the DOE Contracting Officer for any pre-award costs that exceed this 90 calendar
day period.

Pre-award costs are incurred at the applicant’s risk. DOE is under no obligation to reimburse
such costs if for any reason the applicant does not receive an award or if the award is made
for a lesser amount than the applicant expected, or if the costs are found to be unallowable,
unreasonable, or not allocable to the project.

H. OTHER SUBMISSION AND REGISTRATION REQUIREMENTS

Where to Submit: All Phase I applications must be submitted through Grants.gov web portal to
be considered for award. You cannot submit an application through Grants.gov unless you are
registered. Please read the registration requirements carefully and start the process immediately.
Remember you have to update your Central Contractor Registration (CCR) number each year
(see Registration Requirements below). If you have any questions about your CCR, please
contact the Grants.gov Helpdesk at 1-800-518-4726.

Registration Requirements: There are several one-time actions you must complete in order to
submit an application through Grants.gov (e.g., obtain a Dun and Bradstreet Data Universal
Numbering System (DUNS) number, register with the CCR via the credential provider, and
register with Grants.gov). See Grants.gov “Get Registered” and use the Grants.gov Organization
Registration Checklist to guide you through the process. Designating an E-Business Point of
Contact (EBiz POC) and obtaining a special password called an MPIN are important steps in the
CCR registration process. Applicants, who are not registered with CCR and Grants.gov, should
allow at least 21 days to complete these processes. It is suggested that you begin the registration
process for each of these requirements as soon as possible.
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IMPORTANT NOTICE TO POTENTIAL APPLICANTS: When you have completed the
process, please call the Grants.gov Helpdesk at 1-800-518-4726 to verify that you have been
appropriately registered.

Questions relating to the registration process, system requirements, how an application form
works, or the submittal process must be directed to Grants.gov at 1-800-518-4726 or
support@grants.gov. DOE cannot answer these questions.

Questions regarding the content of this Funding Opportunity Announcement (FOA), including
the Phase | DOE SBIR/STTR Technical Topics must be submitted through the FedConnect
portal. Part VI of this announcement explains how to submit these types of questions to the
DOE via FedConnect. You must register with FedConnect to respond as an interested party to
submit questions, and to view responses to questions. It is recommended that you register as

soon after release of the FOA as possible to have the benefit of all responses. More information

is available at https://www.fedconnect.net/FedConnect/PublicUserRegistration.aspx and
https://www.fedconnect.net/FedConnect/PublicPages/FedConnect Ready Set Go.pdf.
DOE will respond to a question within three (3) business days, unless a similar question and
answer has already been posted on the FedConnect website.
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PART V - APPLICATION REVIEW INFORMATION

A. CRITERIA

Initial Review

The DOE SBIR/STTR Office will perform an initial administrative screening to ensure that the
application meets the requirements described in Part 111, Eligibility Information.

Phase | grant applications will be judged on a competitive basis against other applicants within
the same technical program area in several stages. Those passing the initial administrative
screening will be evaluated by DOE technical experts within the DOE program area to ensure
that they (1) meet stated FOA requirements, (2) are responsive to the topic and subtopic, (3)
contain sufficient information for a meaningful technical review, (4) are for research or for
research and development, (5) do not duplicate other previous or current work, and (6) are
consistent with program area mission, policies, and other strategic and budget priorities. Grant
applications which fail to pass this initial technical screening will be declined without further
review.

Merit Review
Evaluation Criteria for Phase | applications only:

DOE plans to make selections for Phase | awards from those grant applications judged to have
the highest overall merit within their technical program area, with approximately equal
consideration given to each of the following criteria:

a. Strength of the Scientific/Technical Approach as evidenced by (1) the innovativeness of
the idea and the approach, (2) the significance of the scientific or technical challenge, and
(3) the thoroughness of the presentation.

b. Ability to Carry out the Project in a Cost Effective Manner as evidenced by (1) the
qualifications of the PI, other key staff, subcontractors and consultants, if any, and the
level of adequacy of equipment and facilities; (2) the soundness and level of adequacy of
the work plan to show progress toward proving the feasibility of the concept; and (3) the
degree to which the DOE investment in the project would be justified by the level of
proposed research effort.

c. Impact as evidenced by (1) the significance of the technical and/or economic benefits of
the proposed work, if successful, (2) the likelihood that the proposed work could lead to a
marketable product or process, and (3) the likelihood that the project could attract further
development funding after the SBIR or STTR project ends.

A succinct commercialization plan must be included in a Phase | grant application. The
Commercialization Plan will be evaluated under the “Impact” criteria and should address:
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1. Company Information — Describe core competencies, size, specialization areas,
products with significant sales, and history of previous Federal and non-Federal
funding, regulatory experience, or subsequent commercialization (see question 8 for
specific information requested on the “SBIR/STTR Information” form).

2. Market — Analyses of market size and estimated market share after first year sales and
after 5 years. We want to see if a small business applicant is aware of the general
market characteristics for which its innovation or technology may apply.

3. Intellectual Property (IP) — Patent status, technology lead, trade secrets, or other
demonstration of a plan to achieve sufficient protection to realize the
commercialization stage. We want to see if a small business applicant is taking steps
to protect its IP.

Please refer to the “Instructions for Completing a DOE SBIR/STTR Phase | Grant
Application for detailed guidance.

B. REVIEW AND SELECTION PROCESS

Grant applications that pass the initial review criteria as stated above will be further evaluated by
independent scientific and engineering experts to determine the most promising technical and
scientific approaches. Each grant application will be judged competitively against the Phase |
evaluation criteria on its own merit. Final award decisions will be based on the evaluation
criteria and consideration of other factors, such as budget and program balance, program policy
factors, and the amount of funds available. The DOE will not fund any grant application for
which there is a reservation with respect to any of the three evaluation criteria stated above, as
determined by the review process.

The DOE may enter into discussions with a selected applicant for any reason deemed necessary,
including, but not limited to: (1) the budget is not appropriate or reasonable for the requirement;
(2) only a portion of the application is selected for award; (3) the DOE needs additional
information to determine that the recipient is capable of complying with the requirements in 10
CER Part 600; and/or (4) special terms and conditions are required. Failure to resolve
satisfactorily the issues identified by the Government will preclude award to the applicant.

C. ANTICIPATED NOTICE OF SELECTION AND AWARD DATES

It is anticipated that selections will be completed by mid-to-late May 2011.
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PART VI - AWARD ADMINISTRATION INFORMATION

A. AWARD NOTICES

This FOA is intended for informational purposes and reflects current planning. If there is any
inconsistency between the information contained herein and the terms of any resulting SBIR or
STTR award, the terms of the award shall control.

Notice of Selection

DOE will notify applicants selected for award. This notice of selection is not an authorization to
begin performance (See Part IV; Section G with respect to the allowability of pre-award costs).
Small business organizations whose applications have not been selected will be advised as
promptly as possible.

Written comments from the technical evaluators are automatically provided to all awardees (SBC
Business Official) with the award notification via email. For those applicants not selected for
award, you may request a debrief from DOE within 30 days of the official notification. DOE
will respond to all written email debrief requests within six weeks. Please send all debrief
requests via email to: sbir-sttr@science.doe.gov.

If an application is selected for award under the SBIR program that includes a subcontract to a
Federally-owned, contractor-operated lab (such as Argonne National Laboratory), the SBIR
office will require the awardee to complete a Certification for Using a National Laboratory.
This certification form will be provided to the awardee with the award notification.

Notice of Award

An Assistance Agreement issued by the DOE Contracting Officer is the authorizing award
document. It normally includes, either as an attachment or by reference: 1) General Terms and
Conditions for DOE SBIR and STTR Phase | and Phase Il Grants; 2) Special Terms and
Conditions for Use in SBIR/STTR Awards; 3) Applicable program regulations, if any; 4)
Application as approved by DOE; 5) DOE assistance regulations such as 10 CFR Part 600, 6)
“National Policy Assurances To Be Incorporated As Award Terms”; 7) “Federal Assistance
Reporting Checklist and Instructions”, which identifies the reporting requirements.

The small business applicant must be registered with FedConnect at the time of award.
B. ADMINISTRATIVE AND NATIONAL POLICY REQUIREMENTS
DUNS and CCR Requirements

Additional administrative requirements for DOE grants and cooperative agreements are
contained in 2 CFR, Part 25 (See: http://ecfr.gpoaccess.gov). Prime awardees must keep their
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data at CCR current. Subawardees at all tiers must obtain DUNS numbers and provide the
DUNS to the prime awardee before the subaward can be issued.

Subaward and Executive Reporting

Additional administrative requirements necessary for DOE grants and cooperative agreements to
comply with the Federal Funding and Transparency Act of 2006 (FFATA) are contained in 2
CFR, Part 170. (See: http://ecfr.gpoaccess.gov). Prime awardees must register with the new
FSRS database and report the required data on their first tier subawardees. Prime awardees must
report the executive compensation for their own executives as part of their registration profile in
the CCR.

Terms and Conditions and National Policy Requirements

Successful applicants must comply with the terms and conditions in the award document. The
“General Terms and Conditions for DOE SBIR and STTR Grants”, the “DOE Special Terms and
Conditions for Use in Most Grants and Cooperative Agreements”, and the “National Policy
Assurances To Be Incorporated As Award Terms” can also be found at
http://management.energy.gov/business_doe/business_forms.htm.

Cooperative Research and Development Agreements (CRADA)

SBIR/STTR grant recipients who have chosen a DOE laboratory as a subcontractor may be
required to implement a CRADA. CRADA:s are collaborative research agreements between
DOE laboratories and their partners (SBC in this case), and are approved by a DOE Contracting
Officer with the cognizant national laboratory. In many cases, the CRADA could be used as a
vehicle for the Property and Commercialization Rights Agreement required by the STTR
program.

Immediately after the small business applicant is notified that it has been chosen for an
SBIR/STTR grant, the company should contact the laboratory to confirm award status and to
determine if a CRADA will be required. If the DOE laboratory requires a CRADA, no work
may be initiated by the laboratory under the grant until the CRADA has been approved.

Work-For-Others Agreements

Work-for-Others (WFO) agreements are used by DOE national laboratories when performing
tasks that are less cooperative in nature than tasks that require a CRADA (i.e., the work is
directed by the primary contractor rather than being fully collaborative). Nonetheless, it is
recommended, even when operating under a WFO agreement, that the small business negotiate a
written agreement for the disposition of intellectual property that laboratory employees may
develop during the course of their work for the grantee.

It is recommended that SBIR/STTR small business applicants begin to negotiate CRADA or

WFO agreements before submitting the grant application. It is during this period that the small
business will have maximum leverage in conducting negotiations. That is, if satisfactory terms
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cannot be agreed upon at this time, the small business still would have the option of finding an
alternative research institution or subcontractor. Once the grant application has been submitted
to the DOE, and subsequently reviewed and selected for award, the small business may be
locked-in to the subcontractor identified in the grant application. Also, after selection for award,
there is only a short time available for conducting these negotiations before a grant begins.

C. REPORTING

Reporting requirements are identified on the Federal Assistance Reporting Checklist and
Instructions, DOE F 4600.2, attached to the award agreement.
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PART VII - QUESTIONS/AGENCY CONTACTS

A. QUESTIONS

As discussed on Page 2 of this FOA, questions regarding the content of this FOA must be
submitted through the FedConnect portal. You must register with FedConnect to respond as an
interested party to submit questions, and to view responses to questions. It is recommended that
you register as soon after release of the FOA as possible to have the benefit of viewing all
responses.

More information is available at
https://www.fedconnect.net/FedConnect/PublicUserRegistration.aspx and
https://www.fedconnect.net/FedConnect/PublicPages/FedConnect Ready Set Go.pdf.
DOE will respond to a question within three (3) business days, unless a similar question and
answer has already been posted on the FedConnect website.

Questions relating to the registration process, system requirements, how an application form
works, or the submittal process must be directed to Grants.gov at 1-800-518-4726 or
support@grants.gov. DOE cannot answer these questions.

B. AGENCY CONTACTS

All other questions regarding the DOE SBIR/STTR processing of applications may be directed
to:

Name: Carl Hebron
E-mail: shir-sttr@science.doe.gov
Telephone: 301-903-1414
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PART VIII - OTHER INFORMATION

A. MODIFICATIONS

Notices of any modifications to this announcement will be posted on Grants.gov and the
FedConnect portal. You can receive an email when a modification or an announcement message
is posted by registering with FedConnect as an interested party for this FOA. It is recommended
that you register as soon after release of the FOA as possible to ensure you receive timely notice
of any modifications or other announcements. More information is available at
https://www.fedconnect.net/FedConnect/PublicUserReqistration.aspx and
https://www.fedconnect.net/FedConnect/PublicPages/FedConnect_Ready Set Go.pdf.

B. GOVERNMENT RIGHT TO REJECT OR NEGOTIATE

DOE reserves the right, without qualification, to reject any or all applications received in
response to this announcement and to select any application, in whole or in part, as a basis for
negotiation and/or award.

C. COMMITMENT OF PUBLIC FUNDS

The Contracting Officer is the only individual who can make awards or commit the Government
to the expenditure of public funds. A commitment by other than the Contracting Officer, either
explicit or implied, is invalid.

D. PROPRIETARY APPLICATION INFORMATION

Patentable ideas, trade secrets, proprietary or confidential commercial or financial information,
disclosure of which may harm the applicant, should be included in an application only when such
information is necessary to convey an understanding of the proposed project. The use and
disclosure of such data may be restricted, provided the applicant includes the following legend
on the first page of the project narrative and specifies the pages of the application which are to be
restricted. The proprietary data legend must separately identify those pages of the application
which contain proprietary technical data from any pages which contain other types of proprietary
information as defined by this FOA (e.qg., confidential personnel information, or proprietary
commercial or financial information):

“The technical data contained in pages ___ and the other proprietary data
contained in pages _____ of this application have been submitted in confidence
and contain trade secrets or proprietary information, and such data shall be used
or disclosed only for evaluation purposes, provided that if this applicant
receives an award as a result of or in connection with the submission of this
application, DOE shall have the right to use or disclose the data herein to the
extent provided in the award. This restriction does not limit the Government’s
right to use or disclose data obtained without restriction from any source,
including the applicant.”
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To protect such data, each line or paragraph on the pages containing such data must be
specifically identified and marked with a legend similar to the following:

“The following contains proprietary information that (name of applicant) requests not be released
to persons outside the Government, except for purposes of review and evaluation.”

E. EVALUATION AND ADMINISTRATION BY NON-FEDERAL PERSONNEL

In conducting the merit review evaluation, the Government may seek the advice of qualified
non-Federal personnel as reviewers. The Government may also use non-Federal personnel to
conduct routine, nondiscretionary administrative activities. The applicant, by submitting its
application, consents to the use of non-Federal reviewers/administrators. Non-Federal reviewers
must sign conflict of interest and non-disclosure agreements prior to reviewing an application.
Non-Federal personnel conducting administrative activities must sign a non-disclosure
agreement.

F. INTELLECTUAL PROPERTY DEVELOPED UNDER THIS PROGRAM
Property and Commercialization Rights Agreements

When using subcontractors, including research institutions, the small business is responsible for
protecting its own interests with regard to the retention of intellectual property and
commercialization rights.

It is in the best interest of the small business, when collaborating with a research institution or
other subcontractors, to negotiate a written agreement for allocating, between the parties,
intellectual property rights, and rights to carry out any follow-on research, development, or
commercialization. For STTR awards only, the small business and the research institution must
certify that this agreement has been completed. This certification will be requested by the
Contract Specialist after award selection, but before the grant is signed. A model agreement,
found at www.science.doe.gov/shir/Solicitations/FY%202002/model.htm, may be used or
revised through negotiation between the small business and the research institution. The
completed agreement should not be submitted with the grant application, but retained by the
parties to the agreement. The Federal government will not be a party to any agreement between
the small business and any subcontractor, including the STTR research institution. However,
applicants are reminded that nothing in such agreements should conflict with any provisions
setting forth the respective rights of the U.S. and the small business with respect to both
intellectual property rights and any rights to carry out follow-on research.

Intellectual Property Including Innovations, Inventions, and Patents

1. Proprietary Information — Information contained in unsuccessful grant applications will
remain the property of the applicant. The government will retain for three years one file
copy of each unsuccessful grant application. Public release of information in any grant
application submitted will be subject to existing statutory and regulatory requirements, such
as the Freedom of Information and Privacy Acts.
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If proprietary information is provided in a grant application that constitutes proprietary
technical data, confidential personnel information, or proprietary commercial or financial
information, it will be treated in confidence, to the extent permitted by law, provided this
information is clearly marked by the applicant in accordance with paragraph D. above, and
provided appropriate page numbers are inserted into the Proprietary Notice legend printed on
the first page of the project narrative. Applications will not automatically be withheld in
their entirety unless justified by the applicant. The government will limit dissemination of
such information to official channels to the extent permitted by law. Any other legend may
be unacceptable to the government and may constitute grounds for removing the grant
application from further consideration and without assuming any liability for inadvertent
disclosure.

2. Protection of Grant Application Information — DOE's policy is to use data included in grant
applications for evaluation purposes only and to protect, to the extent allowed by law, such
information from unauthorized use or disclosure. In addition to government personnel,
scientists and engineers from outside the government may be used in the grant application
evaluation process. The decision to obtain outside evaluation will take into consideration
requirements for the avoidance of organizational conflicts of interest and the competitive
relationship, if any, between the applicant and the prospective outside evaluator. The
evaluation will be performed under an agreement with the evaluator that the information
contained in the grant application will be used only for evaluation purposes and will not be
further disclosed.

3. Rights in Data Developed Under SBIR/STTR Funding Agreements — Rights in technical
data, including software developed under the terms of any funding agreement resulting from
grant applications submitted in response to this FOA, shall remain with the grantee, except
that the government shall have the limited right to use such data for government purposes
and shall not release such proprietary data outside the government without permission of the
grantee for a period of not less than four years from delivery of the last deliverable under that
agreement (either Phase I, Phase I, or Federally-funded SBIR Phase I11). Agencies are
released from obligation to protect SBIR data upon expiration of the protection period except
that any such data that is also protected and referenced under a subsequent SBIR award must
remain protected through the protection period of that subsequent SBIR award. However,
effective at the conclusion of the four-year period, the government shall retain a royalty-free
license for government use of any technical data delivered under an SBIR/STTR award
whether patented or not.

4. Copyrights — With prior written permission of the cognizant DOE Contracting Officer, the
awardee may copyright and publish (consistent with appropriate national security
considerations, if any) material developed with DOE support. DOE receives a royalty-free
license for the Federal government and requires that each publication contain an appropriate
acknowledgment and disclaimer statement.

5. Patents — Small businesses may retain the principal worldwide patent rights to any invention

developed with Federal support. The government receives a royalty-free license for Federal
use, reserves the right to require the patent holder to license others in certain circumstances,
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and requires that anyone exclusively licensed to sell must normally manufacture it
domestically. Information regarding patent rights in inventions supported by Federal funding
can be found in the Code of Federal Regulations, 37 CFR Part 401.

G. NOTICE OF RIGHT TO REQUEST PATENT WAIVER
Not applicable.
H. NOTICE REGARDING ELIGIBLE/INELIGIBLE ACTIVITIES

Eligible activities under these programs include those which describe and promote the
understanding of scientific and technical aspects of specific energy technologies, but not those
which encourage or support political activities such as the collection and dissemination of
information related to potential, planned or pending legislation.

APPENDICES/REFERENCE MATERIAL

A. DEFINITIONS

RESEARCH OR RESEARCH AND DEVELOPMENT (R&D)

Research or R&D is any scientific or engineering activity which is (1) a systematic, intensive
study directed toward greater knowledge or understanding of the subject; (2) a systematic study
directed specifically toward applying new knowledge to meet a recognized need; and/or (3) a
systematic application of knowledge toward the production of useful materials, devices, and
systems or methods, including design, development, and improvement of prototypes and new
processes to meet specific requirements.

INNOVATION

Something new or improved, having marketable potential, including (1) development of new
technologies, (2) refinement of existing technologies, or (3) new applications for existing
technologies.

SOCIALLY AND ECONOMICALLY DISADVANTAGED SMALL BUSINESS
A socially and economically disadvantaged small business is one:

1. thatis at least 51% owned by (i) an Indian tribe or a native Hawaiian organization, or (ii) one
or more socially and economically disadvantaged individuals; and,

2. whose management and daily business operations are controlled by one or more socially and
economically disadvantaged individuals. A socially and economically disadvantaged
individual is defined as a member of any of the following groups: African Americans,
Hispanic Americans, Native Americans, Asian-Pacific Americans, Subcontinent Asian
Americans, other groups designated from time to time by the Small Business Administration
(SBA) to be socially disadvantaged, or any other individual found to be socially and
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economically disadvantaged by SBA pursuant to section 8(a) of the Small Business Act, 15
U.S.C. 637(a).

WOMAN-OWNED SMALL BUSINESS

A woman-owned small business is a small business that is at least 51% owned by a woman or
women who also control and operate it. "Control" in this context means exercising the power to
make policy decisions. "Operate” in this context means being actively involved in the day-to-
day management.

SUBCONTRACT

A subcontract is any agreement, other than one involving an employer-employee relationship,
entered into by the primary recipient of a Federal Government grant, calling for supplies or
services required solely for the performance of the original grant award.

HISTORICALLY UNDERUTILIZED BUSINESS ZONE (HUBZONE)
A small business concern meeting the following criteria:

1. Located in a “historically underutilized business zone” or HUBZone area located in one
or more of the following:

a. A qualified census tract (as defined in section 42 (d)(5)(c)(i)(l) of the Internal
Revenue Code of 1986; or

b. A qualified “non-metropolitan county” (as defined in section 143(k)(2)(B) of the
International Revenue Code of 1986) with a median household income of less than
80% of the state median household income or with an unemployment rate of not less
than 140% of the statewide average, based on U.S. Department of Labor recent data;
or

c. Lands within the boundaries of Federally recognized Indian reservations.
2. Owned and controlled by one or more U.S. Citizens.
3. At least 35% of its employees must reside in a HUBZone.

To find out if your business is in a HUBZone, use the mapping utility provided by the Small
Business Administration at its HUBZone Contracting Website:
https://eweb1.sba.gov/hubzone/internet/general/findout.cfm.

JOINT VENTURE

A joint venture is an association between two or more firms to participate jointly in a single
business enterprise. There must be a community of interests, a sharing of profits and losses, and,
for the purposes of this FOA, the new entity must qualify as a small business. If a joint venture
is selected for award, a DOE Contract Specialist will request a signed agreement from the parties
involved. The agreement must state which company will negotiate the grant and serve as the
main point of contact.
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RESEARCH INSTITUTION
A research institution is a U.S. research organization that is:

1. A non-profit research institution as defined in Section 4. Definitions, (5) of the
Stevenson-Wydler Technology Innovation Act of 1980 (i.e., an organization owned and
operated exclusively for scientific or educational purposes, no part of the net earnings of
which inures to the benefit of any private shareholders or individual), or

2. A non-profit college or university, or
3. A non-profit medical or surgical hospital, or

4. A contractor-operated Federally-funded research and development center (FFRDC), as
identified by the National Science Foundation in accordance with the government-wide
Federal Acquisition Regulation issued in accordance with section 35(c) (1) of the Office
of Federal Procurement Policy Act (or any successor legislation thereto). DOE FFRDCs
include Ames Laboratory, Argonne National Laboratory, Brookhaven National
Laboratory, Fermi National Accelerator Laboratory, Idaho National Laboratory,
Lawrence Berkeley National Laboratory, Lawrence Livermore National Laboratory, Los
Alamos National Laboratory, National Renewable Energy Laboratory, Oak Ridge
Institute for Science and Education, Oak Ridge National Laboratory, Pacific Northwest
National Laboratory, Princeton Plasma Physics Laboratory, Sandia National
Laboratories, Savannah River Technology Center, Stanford Linear Accelerator Center,
and the Thomas Jefferson National Accelerator Facility.

5. A government-owned, government-operated facility, such as the National Energy
Technology Laboratory (NETL), is not eligible to act as either a partner or subcontractor
in DOE SBIR/STTR projects.

COMMERCIALIZATION

This concerns the process of developing markets and producing and delivering products for sale
(whether by the originating party or by others). As used here, commercialization includes both
government and private sector markets.

CONSULTANT
A consultant is an individual who provides professional advice or services for a fee.

INTELLECTUAL PROPERTY

The separate and distinct types of intangible property that are referred to collectively as
“intellectual property,” including but not limited to: patents, trademarks, copyrights, trade
secrets, SBIR/STTR technical data, ideas, designs, know-how, business, technical and research
methods, and other types of intangible business assets, and including all types of intangible
assets either proposed or generated by a small business as a result of its participation in the SBIR
or STTR program.
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B. WORKING WITH NATIONAL LABORATORIES, UNIVERSITIES, RESEARCH
INSTITUTIONS, AND OTHER SUBCONTRACTORS

DOE USER FACILITIES

The DOE operates a number of major scientific user facilities to serve researchers from
universities, national laboratories, and industry. These facilities enable the acquisition of new
knowledge that often cannot be obtained by any other means. Thousands of researchers
collaborate with these facilities and analyze their respective data from the experiments to publish
new scientific findings in peer-reviewed journals. These facilities may be found at
www.sc.doe.gov/bes/besfacilities.htm and www.sc.doe.gov/ober/facilities.html.

Potential applicants to the SBIR or STTR programs should consider whether the use of any of
these facilities would contribute to the scientific efforts proposed in either Phase 1 or 11. For
approved experiments (access to these facilities is through a peer-reviewed system), operating
time is available without charge to those scientists whose intent is to publish their results in the
open literature. If the investigator wishes to perform proprietary research, the user must pay the
full-cost recovery rate for facility usage (in which case, the cost could be charged to the
SBIR/STTR project); in return, the facility will treat all technical data generated as proprietary,
and the user may take title to any inventions resulting from the research. Information on other
laboratory facilities which may be available on a case-by-case basis may be obtained through the
Federal Laboratory Consortium Locator or directly from the DOE laboratory involved.

Identifying Institutions

Experts at institutions such as DOE contractor-operated national laboratories, universities,
colleges, or other research institutions, may be consulted during the preparation of the grant
application. Any of these institutions may also serve as a subcontractor to SBIR/STTR Phase |
or Phase Il projects, providing technical expertise, facilities, or equipment. In such cases, the
small business must have the necessary expertise to direct the project.

For STTR, the small business must conduct cooperative R&D with a research institution (see

definition list). An alliance between the small business and a research institution must be
formed before submitting the grant application. Grants will be awarded to the small business,
which will receive all funding for the project and disperse the appropriate funds to the research
institution.

A list of DOE National Laboratories and points of contact is available at
http://www.science.doe.gov/sbir/newweb/labcontacts.htm. Also, inquiries may be made at a
local library to locate supporting expertise or facilities from an appropriate university or other
research institution to assist with the proposed project. For help in contacting personnel at DOE
and other Federal agency laboratories, go to www.federallabs.org, or contact the FLC
Management Support Office by, Phone: (856) 667-7727 or E-mail: flcmso@utrs.com.
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C. SCIENTIFIC AND TECHNICAL INFORMATION RESOURCES

Applicants may want to obtain scientific and technical information related to their proposed
effort as background or for other purposes. Sources of this information are listed in the
references for each technical topic and below.

1. National Technical Information Service

Reports resulting from Federal research and those received from exchange agreements
with foreign countries and international agencies are available to the public in both paper
copy and microfiche through the National Technical Information Service (NTIS). They
may be ordered electronically from http://www.ntis.gov or by phone at 1-800-553-6847.

2. DOE Office of Scientific and Technical Information

The Office of Scientific and Technical Information (OSTI), is responsible for fulfilling
the requirements of the Energy Policy Act of 2005 to maintain “... publicly available
collections of scientific and technical information resulting from research, development,
demonstration, and commercial application activities supported by the Department.”
OSTI collects, preserves, and disseminates research results via Web-based information
systems developed on behalf of DOE.

SBIR and STTR applicants may obtain information from the following OSTI sources,
available via the web at www.osti.gov or at the specific web addresses below.

e Information Bridge (www.osti.gov/bridge), over 125,000 searchable full-text
documents reporting results of DOE-funded research.

e Energy Citations Database (www.osti.gov/energycitations), over 2 million searchable
citations covering disciplines of interest to DOE from 1948 to the present, with links
to full-text when available.

e DOE R&D Project Summaries
(http://www.osti.gov/rdprojects/AdvancedSearchScreen.jsp), a searchable database of
descriptions of approximately 22,000 ongoing or recently completed DOE research
projects.

e E-print Network (www.osti.gov/eprints), which offers single-query access to a
network of scientific and technical information and communication, searching more
than 900,000 manuscripts, scholarly papers, and other scientific documents residing
on approximately 22,000 Web sites, as well as a deep Web search across 52 major e-
print databases.

e EnergyFiles (www.osti.gov/energyfiles), a virtual library utilizing subject pathways
for searching more than 500 science and technology databases and Web sites
covering disciplines of interest to DOE.

e Science Conferences (www.osti.gov/scienceconferences), a portal providing a unified
search of 26 Web sites for science and technology conference proceedings and
conference papers of interest to DOE.
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e DOE R&D Accomplishments (www.osti.gov/accomplishments), a central forum for
information about the outcomes of past DOE R&D.

e Federal R&D Project Summaries (www.osti.gov/fedrnd), a searchable portal to
750,000 Federal research project summaries at DOE and five other leading science

agencies.

D. OTHER RESOURCES

Literature and database searches for abstracts, publications, patents, lists of Federal research in
progress, and names of potential consultants in the specific research area can be obtained at good
technical libraries (especially those of universities), and from some state organizations.

Science.gov (www.science.gov), a Web portal providing single-query search of more than 50
million pages of science information and research results from DOE and 11 other Federal science

agencies.

Ver. 3
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1. ADVANCED COOLING AND WASTE HEAT RECOVERY TECHNOLOGIES

The Department of Energy is seeking the development of innovative technologies for (1) cooling
applications (air conditioning, refrigeration, etc.) in Buildings, Industry, and Transportation that
are substantially more energy efficient than today’s technologies, cost-competitive with today’s
systems, and that avoid net direct greenhouse gas (GHG) emissions; and for (2) waste heat
recovery in Buildings, Industry, and Transportation applications to generate electricity efficiently
and cost-competitively. The focus of these approaches must be on novel innovative
technologies; well-known technologies such as mechanical vapor compression cycles or
evaporative (water) systems for cooling, or turbines or stirling engines for waste heat recovery
will not be considered unless they address some substantial and fundamentally new technological
approach. Grant applications will not be considered unless they show a clear pathway to high
energy efficiencies (for cooling applications, reduce energy consumption by at least one-third
compared to today’s systems), are cost-competitive with today’s systems, are scalable to small
cooling or heat recovery applications (down to a few kWy,), and have no net greenhouse gas
emissions.

Grant applications submitted in response to this topic must: (1) include a review of the state-of-
the-art of the technology and application being targeted; (2) provide a detailed evaluation of the
proposed technology and place it in the context of the current state-of-the-art; (3) demonstrate
that the proposed technology has a clear pathway to be more energy efficient (for cooling
devices, to reduce energy consumption by at least one-third) and have reduced lifecycle costs
(high reliability, long lifetimes) compared to current technologies; (4) address a large potential
market (for cooling devices, a U.S. savings potential of at least 5% of total U.S. cooling energy
consumption); (5) analyze the proposed technology development process, the pathway to
commercialization, and the attendant potential public benefits that would accrue; and (6) address
the ease of implementation of the new technology, and its ability to be installed with commonly-
available skill sets.

Phase I should include (1) a preliminary design, (2) a characterization of laboratory devices
using the best measurements available, including a description of the measurement methods, and
(3) the preparation of a road map with major milestones, leading to a production model of a
system for consideration in Phase II. In Phase II, devices suitable for near-commercial
applications must be built and tested, and issues associated with manufacturing the units in large
volumes at a competitive price must be addressed.

Grant applications are sought only in the following subtopics:

la.  Advanced Cooling

Refrigeration and air conditioning in buildings, industry, and transportation account for
approximately 10 quads of U.S. primary energy consumption. Air conditioning is also a major
contributor to electric utility peak loads, which incur high generation costs and generally use
inefficient and polluting generation turbines, and peak loads are a major factor in poor grid
reliability. Most conventional air conditioners, heat pumps, and refrigerators achieve cooling
through a mechanical vapor compression cycle (VCC). However, paths to dramatic
improvements in the efficiency of today’s VCC systems are likely to significantly increase the
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price of the equipment. A related problem with today’s VCC cooling technology is the adverse
environmental impact of the refrigerant gases used. Although the hydrofluorocarbon (HFC)
refrigerants used today are relatively safe for the ozone layer, they are strong GHGs. A recent
study projected that in 2050, if CO; is stabilized at 450 ppm, HFCs would increase radiant
greenhouse gas forcing by 28-45 percent above that due to the increase in CO, above pre-
industrial levels alone (Velders)

This subtopic explores innovative approaches to achieve high efficiencies and net-zero direct
GHG emissions in cooling applications. Technologies of interest include electrocaloric,
magnetocaloric, thermoacoustic, thermoelectric, thermotunneling, and other novel cycles. Not
of interest, however, are technologies such as any type of mechanical vapor compression cycle,
water evaporation assisted systems, or absorption cycles unless they address some substantial
and fundamentally new technological approach. For each of these approaches to advanced
cooling, the technology must meet the above requirements (1-6) to be considered.

Contact: Sam Baldwin, 202-586-0927, Sam.Baldwin@ee.doe.gov

1b.  Advanced Waste Heat Recovery

Industry and vehicles, as well as buildings, discharge large quantities of waste heat—typically
well over half of the input energy. Larger scale systems, such as bottoming cycles, are available
and have been widely used to recapture waste heat for electricity generation in the industry and
power sectors. Unfortunately, few options are available at smaller scales (down to a few kWy,),
not only for use in vehicles but also for some commercial and industrial applications. The
recovery of some of this waste heat represents an enormous untapped opportunity.

This subtopic explores innovative approaches to achieve high efficiencies in waste heat recovery
and electricity generation at cost-competitive rates with systems that are scalable to small
applications (e.g. thermal sources as small as a few kWy,). Technologies of interest include
thermoelectric and other novel cycles that can be scaled down to small applications.

Contact: Sam Baldwin, 202-586-0927, Sam.Baldwin@ee.doe.gov

1c. Strategies and Technologies for Cost Effective ‘5 9s’ Duct Sealing

This would support research in new, time- and cost- effective technologies and diagnostics for
enabling and ensuring cost-effective rapid and reliable sealing of existing and new ductwork and
piping. It is estimated that stopping leaks in ductwork alone could increase efficiency of existing
buildings by 10% on average. Diagnostic tools and sealing approaches should be applicable to a
wide range of new and existing duct and or piping systems. Both improvements in existing
technologies such as aerogels, and totally new concepts are encouraged.

Contact: Tina Kaarsberg, 202-287-1393, Tina.Kaarsberg@ee.doe.gov

1d.  Ultrathin Pipe and Duct Insulation
This would support research on novel, low cost technologies that take up far less space and/or
offer other attributes (e.g. flexibility) that permit their use in tight spaces. These can include the
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use of very thin nano-based insulators. The availability of such insulation would greatly expand
the number of building that could be retrofitted cost-effectively.

Contact: Tina Kaarsberg, 202-287-1393, Tina.Kaarsberg@ee.doe.gov

le. Geoexchange Heat Pump (GHP) Component R&D

This would support research on: variable-speed (VS) components, advanced sensors and controls
(including water flow sensing), electronic expansion valves, heat exchange (HX) design and
fluids (including nanomaterials and nanofluids which offer the possibility of decreasing thermal
losses in conductivity), system optimization, unit control algorithms, and load management
tools. This would address the barrier of high initial costs for widespread GHP deployment by
improving GHP components to increase efficiency as well as energy savings as compared to
conventional systems.

Contact: Tina Kaarsberg, 202-287-1393, Tina.Kaarsberg@ee.doe.gov

1f. Innovative GHP System/Loop Designs

This would support research on innovative system/loop designs that reduce the costs of system
and/or loop installation, through new design layouts, system components, materials, and/or
methods. This would reduce one of the major costs for GHP technology-- the high cost of
drilling and loop installation.

Contact: Tina Kaarsberg, 202-287-1393, Tina.Kaarsberg@ee.doe.gov

1g.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Sam Baldwin, 202-586-0927, Sam.Baldwin@ee.doe.gov
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2. PRODUCTION OF BIOENERGY AND BIOFUELS FROM CELLULOSIC AND
NON-FOOD BIOMASS

To break the U.S. dependence on imported petroleum for producing various liquid transportation
fuels, numerous initiatives for biofuels development are underway. The Energy Independence
and Security Act of 2007 (EISA) specifies a target quantity of 36 billion gallons of renewable
fuels (Renewable Fuels Standard or RFS) to be annually produced in the U.S. by 2022. Of this
amount, 21 billion gallons would come from advanced biofuels; 16 or more billion gallons of the
21 billion gallons is to be provided by cellulosic ethanol and the balance would come from other
advanced biofuels.

Biopower is electricity produced from a wide range of biomass resources. The use of biopower
is one way to help meet national goals for the use of clean renewable energy (e.g., Renewable
Portfolio Standards or RPS). Biomass is a base load renewable energy source that is readily
available across the U.S. Biomass offers a renewable energy solution in areas where other
renewables are not available.

To achieve these goals, it is essential to ensure that cost competitive feedstocks of appropriate
quality for bioenergy production are widely and sustainably available in sufficient quantities.
Because the feedstock cost is a major element in the production of bioenergy, research is needed
to ensure the cost-effective supply of major biomass resources to biorefineries, so that they can
be converted to biofuels, biopower, and bioproducts. This topic seeks the development of
technologies to ensure this feedstock supply and includes the production of diesel fuel substitutes
via microalgae production, biochemical pathways for the utilization of cellulose and
hemicellulose to produce ethanol, and the thermochemical conversion of biomass to liquid
transportation fuels such as ethanol, mixed alcohols, and advanced hydrocarbon-compatible and
infrastructure-ready biofuels.

Process economic considerations suggest that processing of lignocellulosic

materials would occur at large scales in integrated “biorefineries” producing multiple products.
Grant applications are sought for new concepts and tools that will stimulate innovation and
progress towards the realization of highly efficient and economically viable biorefineries
producing liquid fuels, power, and products from lignocellulosic and other non-food biomass.

Grant applications are sought only in the following subtopics:

2a. Biomass Feedstock Stabilization and Drying

A complete biomass feedstock supply system incorporates elements of labor, machinery, and
infrastructure to move biomass from the field to the biorefinery. Feedstock moisture affects all
supply chain elements: collection, storage, preprocessing, handling, and transportation.
Disregard for biomass moisture can increase feedstock supply-logistics costs and result in
biomass material instability, which is caused by microbial actions. “Wet” biomass as normally
defined has moisture content that is high enough to require actions such as introducing
amendments, barriers, etc. to ensure stability. Microbes react more to “water activity” due to the
available water contained inside the biomass than to the bulk percentage of moisture in the
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biomass. An optimum supply system will balance the costs of handling and storing wet biomass
against the costs of removing the moisture and preprocessing the material to a uniform handling
format (Sokhansanj et al. 2009). Grant applications are sought to develop innovative means of
utilizing spontaneous heating generated in biomass in managing moisture content of both
herbaceous and woody biomass thereby minimizing external energy input.

Several species of biomass may have high moisture content at the time of harvest. This high
moisture limits the length of time the biomass can be stored without spoilage (Wadso, 2007). In
some cases spontaneous heating may cause fires (Walker, 1977). However, the spontaneous
heating may provide a source of natural heat for drying and prolonged stabilization of biomass if
the heat energy is controlled and utilized in innovative ways. This request for proposals seeks
applications that prove the feasibility of innovative techniques, amendments, and/or systems that
control self heating as a potential means of drying to prolong biomass stability.

Grant applications should be cognizant of the fact that feedstock supply system requirements are
highly dependent on feedstock variety. For example, the amount of moisture that can be allowed
in the biomass before it becomes aerobically unstable, spontaneously heats-up, and/or substantial
damage occurs is feedstock specific. In addition, different feedstock varieties have varying
degrees of available nutrients that affect biological stability, spontaneous heating, and potential
losses. Proposed studies must quantify biomass losses and/or quality deterioration relative to the
benefit of proposed solutions.

Contact: Sam Tagore, 202-586-9210, sam.tagore@ee.doe.gov

2b.  Biomass Torrefaction

Improved biomass preparation and handling systems are needed to ensure that reasonable
supplies of feedstock will be available for advanced biomass conversion facilities (Prins et al.,
2006). These may include biofuels facilities using gasification or pyrolysis as technology
pathways, or may potentially include power generation systems where heat and electricity are
products. These types of facilities depend in part on economies of scale to be economical, and
may consume from a few hundred to a few thousand tons of biomass daily. Since the size of
these facilities will require biomass to be delivered from significant distances, it is important to
ensure that biomass can be delivered cost effectively.

One potential approach to improving feedstock characteristics is torrefaction (Sadaka and Negi,
2009). Torrefaction is a pyrolytic process that reduces moisture content and increases energy
density of biomass and yields a solid uniform product. Torrefaction lowers the O/C and H/C
ratio and make it more efficient for gasification and combustion applications (Pentananunt et al.,
1990).This process potentially reduces transportation costs and improves the ability to feed
biomass to conversion systems (Mitchell et al., 2007). While a great deal of interest has been
expressed in torrefaction process over the past 2-3 years, the mass and energy balances for
torrefaction systems are poorly characterized, and the impact of these processing losses on the
product cost has not been well characterized. This is particularly true in the production of pellets
of torrefied material. Converting torrefied biomass to pellets improves the consistency and
marketability of the feedstock. The torrefaction process changes the composition of the biomass
depending on the degree of torrefaction and will influence how much the hemicellulose has been
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broken down and this leads to a more hydrophobic material relative to fresh biomass (Bridgeman
et al., 2008). While this can be a favorable characteristic in some situations, it also makes the
torrefied biomass more difficult to pelletize.

Grant applications are sought for innovative approaches to producing torrefied biomass as
uniform pellets. The purpose of the first phase of this work is to establish projected costs of such
material based on firm material and energy balance measurements. Proposed approaches must
show that torrefied biomass can be pelletized with good physical and proximate and ultimate
composition as a uniform feedstock. The work must provide measured mass and energy
balances to 95% or greater of the weight of the biomass and must account for external inputs
such as electricity, heat, additives, and similar items required for processing. Detail analysis of
the volatiles lost and their energy value with respect to torrefaction temperature and residence
times should be a part of the mass and energy balance study. The research must demonstrate the
technique for at least two types of biomass with significantly different characteristics. Wood and
corn stover are examples of two biomass feedstocks with significantly different characteristics.
The goal of Phase I will be a clear analysis of the overall costs of providing pellets of torrefied
biomass, including all external inputs, to a large-scale biomass facility at a scale of at least 500
dry tons/day.

Contact: Sam Tagore, 202-586-9210, sam.tagore@ee.doe.gov

2cC. Sugar Catalysis to Advanced Biofuels and Chemical Intermediates

Grant applications are sought for innovative technologies for conversion of the sugar portions of
lignocellulosic biomass to advanced biofuels (non-alcohol, non-FAME) and chemical
intermediates.

Catalyst (biological or inorganic in nature) that convert sugars at high rates with high selectivity
(minimum byproduct formation) are being considered for biofuels and bioproducts production.
Two such examples of ongoing research include a thermo/chemical route to convert sugars to
hydrocarbons' and a biochemical route to convert sugars to advanced biofuels and chemicals®.
The ability to develop robust, industrially useful catalysts that are cost effective will require the
acquisition of substantial knowledge regarding the fundamental factors that limit efficient sugar
bioconversion in hydrolysate. A collective knowledge on catalyst improvement including deeper
understanding of catalyst lifetime, catalyst degradation/regeneration, hydrolysate toxicity as well
as process considerations are required. Specifically for biological catalysts, a collective
knowledge on strain improvement including deeper understanding of strain physiology,
metabolic engineering options, hydrolysate toxicity as well as process considerations are
required.

Grant applications are sought to determine the technical and economic feasibility of sugar
catalysis to biofuels and chemicals. This project shall not include construction of facilities. In
each case, applicants must be able to demonstrate the potential for favorable economics of
lignocellulosic biomass for the production of advanced biofuels and chemical intermediates.
Additionally, the catalyst must be able to function in the presence of hydrolysate inhibitors.

A successful Phase 1 project is expected to lead to a meaningful Phase 2 project.
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Contact: Sam Tagore, 202-586-9210, sam.tagore@ee.doe.gov

2d. Pyrolytic Thermal Depolymerization

Cellulosic biomass is composed primarily of three polymeric building blocks the cellulose,
hemicelluloses which are polysaccharides and lignin which is a complex cross linked polymer
that has a significant number of aromatic groups. Selective depolymerization of biomass to more
readily accessible and often reactive oligomers or monomers would be beneficial to the
production of biofuels or bioproducts.

One means to depolymerize biomass is thermal conversion of biomass involving the use of heat
to disrupt the structure of biomass and provide intermediate products that can subsequently be
converted to desired products. For example, gasification produces syngas composed of
hydrogen, carbon monoxide, and other gases that can be catalytically converted to fuels.
Likewise, pyrolysis produces a bio-oil intermediate that can be stabilized and upgraded to diesel
and other hydrocarbon fuels. While either gasification or pyrolysis systems can be effective at
converting a wide range of biomass feedstocks to biofuels, these are unselective processes and
do not preserve nor exploit the sometimes desirable characteristics of the polymeric materials in
the biomass structure.

Thermal depolymerization is a general approach to converting biomass where the initial thermal
treatment preserves desirable characteristics of the biomass feedstock and exploits those for more
effective utilization of the resource. For example, effective deplymerization might better use the
6-carbon sugar monomers from cellulose to produce straight-chain hydrocarbon fuels, or more
effectively use the phenolic portions of lignin to produce aromatic hydrocarbons.

Grant applications are sought to develop innovative concepts for thermal depolymerization of
biomass to hydrocarbon fuels. Phase I efforts should focus on proof of concept experiments that
demonstrate the viability of innovative approaches. The concept and the work to be performed
must include both the depolymerization and the subsequent conversion of intermediates, if any,
to hydrocarbon fuels and/or bioproducts. In particular, the work should clearly demonstrate the
technical and economical advantages of the thermal depolymerization as compared to other types
of approaches such as gasification or pyrolysis.

Contact: Sam Tagore, 202-586-9210, sam.tagore@ee.doe.gov

2e.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Sam Tagore, 202-586-9210, sam.tagore@ee.doe.gov
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3. HYDROGEN AND FUEL CELLS

By enabling the widespread commercialization and near-term use of fuel cell technologies for
stationary, portable, and transportation applications, the DOE’s Fuel Cell Technologies (FCT)
Program, within the Office of Energy Efficiency and Renewable Energy (EERE), works to
reduce petroleum use, greenhouse gas (GHG) emissions, and air pollutants, as well as contribute
to a more diverse energy supply and efficient use of domestic energy.

Consistent with the President’s objectives, The FCT Program will develop multiple fuel cell
technologies (including solid-oxide, alkaline, and polymer electrolyte membrane fuel cells) using
multiple fuel sources (including diesel, natural gas, bio-derived renewable fuels such as
methanol, and fuels derived from other renewable resources). Applications include distributed
generation, backup power, auxiliary power units (APUs), portable power systems, material
handling equipment, specialty vehicles, and transportation. Distributed generation and backup
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power systems supported by this activity may be grid-tied or grid-independent, utilize waste
heat, operate directly with hydrogen or natural gas, or use reformers to operate with natural gas,
bio-derived fuels or coal-derived fuels.

Hydrogen Production and Delivery R&D of the Program encompasses distributed production
through renewable liquids reforming and electrolysis, and central production through biomass
gasification, wind-powered electrolysis, solar driven high temperature thermochemical cycles,
and biological and photoelectrochemical pathways. It also includes the technology for
transporting and distributing hydrogen both to and at fueling sites. The Program’s Hydrogen
Storage R&D portfolio concentrates on low-pressure, materials-based technologies and will also
explore advanced conformable and low cost tank technologies for hydrogen storage systems to
meet performance targets.

The Safety and Codes and Standards subprogram funds research to provide the technical data on
hydrogen technologies (such as fuel cells and hydrogen production, storage, and distribution
systems) that are necessary to support and inform the codes and standards development process.
Its work includes studies to determine the flammability, reactive, and dispersion properties of
hydrogen. It also subjects components, subsystems, and systems to environmental conditions
that could result in failure to check design practices and failure-mode prediction analysis. The
Early Market Validation subprogram accelerates commercialization of fuel cell power systems.
The goal of these activities is to eliminate non-technical barriers and increase opportunities for
market expansion. By increasing product demonstration, these early market applications will
accelerate development of manufacturing capability and domestic supplier base, and reduce
manufacturing costs.

Grant applications are sought only in the following subtopics:

3a. Reducing the Cost of High Pressure Hydrogen Storage Tanks

Inexpensive storage vessels for compressed hydrogen gas are critical to the widespread
commercialization of hydrogen fuel cells in early market and light-duty vehicle applications.
Currently, the high-pressure (i.e., 350 to 700 bar) storage tanks are constructed using expensive
high strength carbon fibers such as T700 to form these gas cylinders [1,2]. Low-cost carbon fiber
precursors, tank designs that reduce carbon fiber use, manufacturing processes, and alternative
materials such as glass or other inexpensive fibers are all potential solutions to reducing the
overall system costs. Before compressed hydrogen gas storage vessel technology can move
forward to widespread applications, solutions must be developed to show substantial cost
reductions using fibers with mechanical strengths matching or exceeding the properties of
aerospace quality carbon fibers (greater than 600 ksi ultimate tensile strength).

Grant applications are sought in two distinct approaches to develop low-cost compressed gas
tanks for hydrogen storage but with costs significantly lower than those projected during recent
analyses [1,2] for large-scale manufacturing of storage vessels constructed of high strength
carbon fibers. Carbon fiber currently contributes as much as 75% to overall tank costs. The goal
is to reduce cost of the carbon fiber portion from $28/kg to $15/kg or reduce the amount of
carbon fiber used with any of the following approaches:
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Approach 1 solicits R&D that will facilitate cost reduction from new tank designs; reduction of
carbon fiber requirements (for examples see [4,5]); and advanced manufacturing technologies
such as fiber placement or high speed winding. Approach 2 solicits development of high-
strength fibers from less expensive precursors, and using low-cost manufacturing processes
(including associated pre-treatments, stabilization (cross-linking), oxidation, carbonization,
graphitization, post-treatments, and packaging) or alternative materials such as glass or
polymers. The goal is for significantly lower cost fibers that can meet or exceed the performance
specifications of today’s cylinders manufactured with T700 carbon fibers [1,2].

Phase I for approach 1 should focus on creating complementary strategies based on approaches
to develop low-cost high-pressure tanks. The Phase I project should include a detailed technical
analysis comparing today’s tank technology against the performance of the proposed
alternatives, along with an economic analysis that considers all relevant capital and O&M costs
involved with tank production and lifecycle costs. The plan should be sufficiently comprehensive
that acting on suggested improvements could begin within several months of the phase II award
date.

Phase I for approach 2 should focus on identifying inexpensive precursor materials and
processing strategies to produce much less expensive fibers for fabricating low-cost high-
pressure tanks or reduce the amount of carbon fiber required. The Phase I project should include
a detailed technical analysis and cost projection of suggested synthesis methods and fiber
production methods to yield the desired high-strength fibers. A plan for follow-up activities in
Phase II should be sufficiently comprehensive that laboratory production of prototype quality
fibers could begin within several months of the phase II award date.

Phase II for either approach would address development and validation of selected technology
advancements that were identified in Phase I. For approach 1, activities would include full-scale
development and, when appropriate, building one to three complete high-pressure tanks. For
approach 2, Phase II would address fabrication of fibers from the most promising low-cost
materials that had been identified and also include characterization of mechanical properties and
durability of these fibers during fabrication of high-pressure hydrogen gas cylinders.

The final report will compare the developed tank cost reduction approaches with incumbent
technologies for storage vessels made from current high-performance carbon fibers.

Contact: Ned Stetson, 202-586-9995, Ned.Stetson@ee.doe.gov

3b.  Fuel Cell Balance-of-Plant

The HFCIT Program supports R&D efforts aimed at accelerating the deployment of fuel cell
technology by reducing the high cost of fuel cell materials, lowering manufacturing costs, and
extending fuel cell operating lifetimes. Several years ago, the cost of a fuel cell stack was much
higher than the cost of the balance-of-plant (BOP); thus R&D funding focused on reducing the
stack cost. Those R&D efforts succeeded in reducing the cost of fuel cell stacks to the point at
which their projected high-volume cost is nearly equal to the cost of the rest of the fuel cell
system.

40



Return to Top of Document

Now, attention is being focused on BOP components. During fuel cell operation, BOP
components are often the first to fail; system shutdowns caused by non-stack components
reportedly accounting for 85-90% of system failures. More than 68% of all labor hours spent
repairing fuel cells are devoted to repairing BOP components. Thus, grant applications are
sought for R&D of BOP components, to reduce failure rates, lower costs, and reduce parasitic
losses dramatically. BOP components of interest include, but are not restricted to, seals, motors,
sensors, water vapor transport exchangers, heat exchangers, valves, pressure transducers, flow
meters, pumps, and blowers. Applicants must show that their concepts will lead to components
that will cost an appropriate fraction of the total cost target of BOP. (For example, a pump for
transportation fuel cell applications should have a projected cost of an appropriate fraction of the
2015 target of $15/kW, assuming a production rate of 500,000 units/yr.) Also, as with the rest of
the fuel cell system, BOP components must possess the required durability for the targeted
application under appropriate operating conditions and regimes. In particular, components must
last more than 5,000 hours under cycling conditions for transportation applications and more
than 40,000 hours for stationary applications. The cost targets are $30/kW and $750/kW for
transportation and stationary applications, respectively. Grant applications for transportation-
related fuel cell systems must demonstrate a capability for successful operation under severe
conditions, including power transients, high temperatures, sub-freezing temperatures, and low
relative humidity.

Phase I applications should identify, develop, and characterize promising BOP component
concepts for PEM fuel cells and small-scale solid oxide fuel cells (e.g., < 10 kW). Phase II
should include the development, design, fabrication, and testing of the BOP components. The
Phase II deliverables will include the proof-of-concept components along with a demonstration
that the components can be integrated into fuel cell systems that meet the DOE cost and
durability targets as defined above.

Contact: Nancy Garland, 202-586-5673, Nancy.Garland@ee.doe.gov

3c. Hydrogen Odorant Technology

The human physical response to malodor has played an important role in public safety around
flammable gases for over seventy years. Odorants in natural gas are a proven, cost-effective
means for leak detection in commercial applications where the desired action upon detection is
area evacuation. The challenges for adapting odorant technology to a hydrogen infrastructure are
two-fold. The flammability range and high dispersion velocity of hydrogen require an odorant
technology to work over a broader set of conditions than for traditional hydrocarbon fuel gases.
The sulfur-containing odorants that are used for hydrocarbon fuel gases will not work in fuel cell
technology because they adversely affect fuel cell and advanced storage performance.

Grant applications are being sought to develop hydrogen odorant technology that is compatible
with the dispersion characteristics of hydrogen and is compatible with fuel cell and storage
materials. The odorant chemical must be non-toxic and should be compatible with fuel cell
technology (e.g. meet proposed fuel quality performance standards).

Phase I must provide a screening of candidate odorant chemistries that meet the following
performance requirements:
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e High dispersion velocity so that a hydrogen release is detectable over the flammability
range;

e Stability over the range of pressures and temperatures found in vehicle and stationary fuel
cell technology;

e Does not adversely affect fuel cell performance;

e Provides an olfactory response for tolerable odorant loadings;

e Meets life cycle cost goals.

A Phase II project would address durability of fuel cell systems and components (including fuel
storage and delivery components) and develop the full set of technical information for fuel

quality standards.

Contact: Antonio Ruiz, 202-586-0729, antonio.ruiz@ee.doe.gov

3d.  Demonstration of Alternative-Fuel Fuel Cells as Range Extenders for Battery-
Powered Airport Ground Support Equipment (GSE)

This SBIR topic is focused on airport ground support equipment (GSE). The Battelle Memorial

Institute study, “Identification and Characterization of Near-term Direct Hydrogen Proton

Exchange Membrane Fuel Cell Markets,” indicates that the airport GSE has the potential to

provide significant lifecycle cost savings over lead acid battery and combustion engine systems

under certain types of operation [1].

The airport GSE market includes various types of specialty vehicles used to service aircraft
during ground operations. GSE commonly used in airport operations include baggage tractors
(or ground support “tugs”) used to tow baggage trailers between the aircraft and terminal, and
aircraft pushback tractors that push aircraft back from the terminal to the taxiway or tow aircraft
to and from the hangar for maintenance. Battery-powered tugs usually handle baggage and
cargo or tow lower-weight aircraft (for small regional airline operations). They use wet cell or
sealed gel cell lead-acid batteries; typical capacity ranges from 2.5 HP/1.9 kW (36V motor) to
100 HP/75 kW. ICE-powered tugs typically use 4-cylinder or 6-cylinder engines fueled with
diesel, gasoline, liquefied petroleum gas (LPG or propane), compressed natural gas (CNG), or
Jet A fuel. The capacities of diesel and gasoline engines in airport tugs vary widely, ranging
from 25 HP/19 kW to 300 HP/224 kW.

The DOE considers the deficiencies of both battery-powered systems and PEM fuel cell systems
could be mitigated by the use of an alternative-fuel fuel cell as a range extender for battery-
powered airport GSEs. Accordingly, DOE is interested in demonstrating alternative-fuel (direct
methanol, direct ethanol, biofuel, etc.) fuel cell technologies that also feature the potential for
radical improvements in fuel cell-powered GSE performance, durability, cost, fueling
infrastructure, and/or manufacturing efficiencies. The primary thrust of this Topic is the
deployment of alternative-fuel fuel cell technologies and fueling infrastructures, both of which
use methanol fuels reformed from renewable sources, such as biomass (wood, wood wastes,
grass, agricultural crops and by-products, etc.) and municipal waste, in order to mitigate
greenhouse gas emissions.
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Applications for Phase I awards should clearly describe the potential benefits of the proposed
alternative-fuel fuel cell technology in terms of durability, cost, and performance, compared to
internal combustion engine and battery-powered systems. The application should clearly state
the status of the applicant’s current stack and/or component technology as it relates to the state-
of-the-art, include energy efficiency, power density, and cost.

DOE seeks proposals using packaged solutions for 5 to 20kW alternative-fuel fuel cell systems,
capable of powering an airport baggage handler or comparable GSE vehicle for (at a minimum)
10 hours of continuous operation and 5,000 total hours. Projects are sought to fill GSE demand
at target markets: commercial airports operating multiple shifts per day.

Applications should describe at a minimum —

e A complete fuel cell power system designed for powering airport GSE;

e GSE equipment retrofit specifications (as applicable);

e Technical requirements for fuel cell stacks, balance of plant, thermal management, and
power electronics;

o The fuel storage and dispensing system including installation, commissioning, maintenance,
and decommissioning capable of supporting the GSE fill requirements for the specified
operations (system shall be capable of safely dispensing fuel into the proposed GSE);

e Weather shelter for dispensing operations; and

e A plan for obtaining all necessary government approvals and permits for all aspects of the
dispensing system.

The cost of the GSE equipment, excluding the fuel cell power system, is the responsibility of the
applicant and should be addressed included as part of the application.

Expected Outcomes:
e Phasel
0 Explore feasibility of concept and report on the phase I objective stated in the sections
above and detailing objectives, milestones and deliverables for Phase II.
e Phase Il
0 5to 20 kW fuel cell systems delivered, installed on GSE equipment, and field tested at
a specified site.
0 Performance report documenting results from operating proposed system during field
testing. Report should include any safety or performance data and issues identified
during the operation of the units during field testing.

Contact: Peter Devlin, 202-586-4905, Peter.devlin@ee.doe.gov

3e.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.
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Contact: Rick Farmer, 202-586-1623, Richard.farmer@ee.doe.gov
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“Technical Plan-Production”, Hydrogen, Fuel Cells, and Infrastructure Technologies
Program, Multi-Year Research, Development and Demonstration Plan, describes the planned
research, development, and demonstration activities for hydrogen and fuel cell technologies
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as well as cost targets, (2007). (Full text is at:
http://www .eere.energy.cov/hydrogenandfuelcells/mypp/pdfs/production.pdf
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3. de Wild, P. J., R.G. Nyqvist, F.A. de Bruijn, E.R., Stobbe, “Removal of sulphur-containing
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of Power Sources, 159 (2006), pp. 995-1004, doi:10.1016/j.jpowsour.2005.11.100.

4. Imamura, D., M. Akai, and S. Watanabe, “Exploration of hydrogen odorants for fuel cell
vehicles”, Journal of Power Sources, 152 (2005), pp. 226-232,
doi:10.1016/j.jpowsour.2005.01.007.

5. Lee,J., S. Lvov, S. Kirby, A. Boehman, M. Sprague, and P. Flynn, “Impact of Hydrogen
Odorants on PEMFC Performance”, 215th ECS Meeting, San Francisco, CA, May 24 - May
29, 2009, http://ecsmeet7.peerx-
press.org/jsp/mas/reportTechProg.jsp?MEETING ID=102&SYM _ID=108.

6. SAE-2719 — “Information Report on the Development of a Hydrogen Quality Guideline for
Fuel Cell Vehicles.” April, 2008.

7. DOE Hydrogen, Fuel Cells & Infrastructure Technologies Program Multi-Year Research,
Development, and Demonstration Plan, Chapter 3.7: Hydrogen Codes and Standards
(http://www.eere.energy.gov/hydrogenandfuelcells/mypp/).

Subtopic d:

1. K. Mahadevan, Battelle Memorial Institute, “Identification and Characterization of Near-term
Direct Hydrogen Proton Exchange Membrane Fuel Cell Markets”;
http://www1.eere.energy.gov/hydrogenandfuelcells/pdfs/pemfc_econ 2006 _report final 040

7.pdf

4. ENERGY SAVING TECHNOLOGIES FOR COMMODITY MANUFACTURING
INDUSTRIES

Industries consume more energy than any other sector within the US energy economy —
including residential and commercial building energy use and the transportation sector.
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The manufacture of commodity materials — such as basic metals, chemicals, paper, and glass
(along with the forming of these materials into basic shapes, such as casting primary metals,
plate glass manufacture, shape forming of steel to I-beams or rolls, etc) — consumes more than
70% of all energy consumed by industrial manufacturing in the U.S.

This topic seeks research and development for new energy savings technologies to be applied in
U.S. manufacturing operations, in order to enhance U.S. industrial competitiveness. Applicants
must identify the industry and process in which the proposed technology will be applied;
approaches that address more than one industrial process or manufacturing sector are most
welcome. The proposed technology must be innovative or at least new to the proposed industrial
application, demonstrate that the approach will overcome barriers to energy efficiency faced by
manufacturers, and provide a reasonable estimate of how much energy (and the form of the
energy) can be saved. Grant applications for development of entirely new industrial processes to
replace existing processes, or for the development of new commodity materials, are not of
interest and will be declined. However, grant applications for the development of new process
equipment will be considered responsive, provided that the equipment is needed to complete the
feasibility investigation under Phase 1.

Potential applicants are strongly encouraged to develop partnerships with a U.S.-based (of
primary U.S. ownership) industrial company, especially one that can support a follow-on
commercialization effort. Although new energy savings technologies leading to potential
overseas markets are of interest, the R&D must be directed toward industrial processes as they
are applied in the United States.

Grant applications are sought only in the following subtopics:

4a.  Sensors and Controls

Grant applications are sought to develop sensors and controls for existing material manufacturing
processes. Of all enhancement options available, sensors and controls provide a sizeable
opportunity for process efficiency enhancement. Areas of interest include, but are not limited to,
process sensors and their associated controls for (1) in Situ process measurement, especially for
high-temperature or other harsh environment processes and (2) chemical and petroleum
processing methods that do not rely on expensive analytical instrumentation. Proposed
approaches must culminate in the development and commercialization of new sensor and control
systems to be applied in manufacturing processes used in the U.S. Once the new sensor concept
is demonstrated, the applicant would be expected to work with appropriate Government agencies
to ensure that the new technology will meet any regulatory bounds for commercialization.
However, proposed investigations involving regulatory aspects of new process sensors and
controls are not of interest and will be declined.

Contact: Bhima Sastri, 202-586-2561, Bhima.Sastri@ee.doe.gov
4b. Low Temperature Waste Heat Recovery

Grant applications are sought to advance materials design to augment energy recovery from low
temperature waste heat. Energy intensive industrial processes (steel, aluminum, glass, etc..)
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discharge large quantities of high temperature waste heat, and there exists adequate technology
to convert it to usable electricity. However, few options exist for efficient and effective energy
recovery from low temperature waste heat (temperatures below 130 °C) as generated in many
smaller scales industrial processes. The use of thermoelectric technology represents an
opportunity for energy recovery in such low temperature operations. To fully realize this,
development of different thermoelectric and module materials and the corresponding thermal
management strategies will be required. Applications are sought to develop: (1) new
thermoelectric materials for low temperature waste heat recovery and electricity generation that
have a high figure of merit (ZT) and the potential for large-scale production, at costs competitive
with conventional technologies considering the full system over its lifetime; and (2)
thermoelectric systems that address all of the thermal interface, materials compatibility, and
thermal management issues of the integrated system. Proposals that address all of the above
subjects are preferred.

Contact: Bhima Sastri, 202-586-2561, Bhima.Sastri@ee.doe.gov

4c.  Advanced Materials

Advances in materials science and engineering are likely to be key enablers for many energy
efficiency and carbon reduction solutions. They could revolutionize the way energy is produced
and/or consumed in the industrial setting. As such, grant applications are sought to further
develop the manufacturability of or capabilities/properties of certain types advanced materials in
the energy space; priority will be given to applications that carefully examine the achieved
efficiency with the proposed improvements. Topic areas of interest in this solicitation include
one or more from the following: (1) Functional materials including coatings, thin films, or
catalysts: These types of materials interact with the environments they are situated in.
Improvements could result in better system durability/ reliability and/or accelerated
reactions/conversions, all of which could augment energy efficiencies. (2) Engineered polymers
(EPs): Because of their high strength-to-weight ratios, these materials are often used as
substitutes for structural members in various applications in the aerospace markets. Lighter
aircrafts and spacecrafts result in reduced fuel consumption. The high cost for fabricating these
EPs make them cost prohibitive for wide spread commercial use. Manufacturing processes that
could significantly reduce the cost of EPs would allow them to be integrated into many new
applications such as in vehicles, thereby imparting similar efficiency gains as observed with their
use in the aerospace sector. (3) Strengthened glass: Glass produced today achieves only 0.5% of
its ultimate lab-tested strength, requiring overbuilt product designs and limiting potential
applications of this versatile, recyclable material. If new technologies could be developed to
improve the strength of glass, a host of advantages could be realized including new lightweight
products that will require less energy use in manufacturing and transportation. Strengthened
glass could be integrated into more renewable energy and energy-efficient applications such as
solar panels, high-efficiency "smart" windows, and lightweighted glass container.

Contact: Bhima Sastri, 202-586-2561, Bhima.Sastri@ee.doe.gov
4d.  Sustainable Remanufacturing Technology

Opportunities in reducing energy consumption and lowering emissions associated with product
life cycles can be obtained through improvements in remanufacturing technology.
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Manufacturing waste equals 59% of landfill waste [1]. Remanufacturing involves cleaning,
repairing, and restoring to working condition. Grant applications are sought for new
remanufacturing technologies to significantly improve energy and environmental performance in
manufacturing industries.

Grant applications should: (1) demonstrate that the proposed approach will help reduce
emissions and improve efficiency, and have limited or no negative impact on overall capital
costs; and (2) include an economic analysis that accounts for long-term implications.
Contact: Bhima Sastri, 202-586-2561, Bhima.Sastri@ee.doe.gov

4e. Other

In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Bhima Sastri, 202-586-2561, Bhima.Sastri@ee.doe.gov

REFERENCES

Subtopic a:

1. Catalysis For Energy, Report from the US DOE Basic Energy Sciences Workshop, August 6-
8, 2007. http://www1.eere.energy.gov/industry/about/index.html

2. Industrial Technologies Program Multi-Year Program Plan:
http://www]1.eere.energy.gov/industry/about/goals.html

3. National Goal to Reduce Emissions Intensity:
http://www.epa.gov/climatechange/policy/intensitygoal.html

Subtopic b:

1. Rowe, D. M. THERMOELECTRIC WASTE HEAT RECOVERY AS A RENEWABLE
ENERGY SOURCE”, International Journal of Innovations in Energy Systems and Power,
Vol. 1, no. 1 November 2006 (Full text available at: http://ijesp.com/Vol1Nol/IJESP1-

3Rowe.pdf)

2. Renchong Hu et al. (2010) Harvesting Waste Thermal Energy Using a Carbon-Nanotube-
Based Thermo-Electrochemical Cell. Nano Lett., Article ASAP doi:
http://pubs.acs.org/doi/suppl/10.1021/n1903267n

3. G. Jeffrey Snyder and Eric S. Toberer. “Complex Thermoelectric Materials”, Nature
Materials, Vol. 7, Issue 2, pp.105-114, Feb. 2008. (ISSN: 1476-1122) (Full text available at:
http://www.nature.com/nmat/index.html)
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Subtopic c:

1. Advanced Materials for our Energy Future, American Ceramic Society (ACerS), the
Association for Iron & Steel Technology (AIST), ASM International (ASM), the Materials
Research Society (MRS) and The Minerals,Metals & Materials Society (TMS) 2010

2. “Linking Transformational Materials and Processing for an Energy Efficient and Low-
Carbon Economy: Creating the Vision and Accelerating Realization” (TMS) 2010 — (in
publication)

3. Workshop on Low Cost Carbon Fiber Composites for Energy Applications, Oak Ridge
National Laboratory (ORNL) — March 2009

4. CR Kurkjian, PK Gupta, and RK Brow. “The Strength of Silicate Glasses: What Do We
Know, What Do We Need to Know?”, International Journal of Applied Glass Science, Vol.
1, Issue 1, pp 27-37, Feb. 2010. (Online ISSN: 2041-1294 / Print ISSN: 2041-1286) (Full text
available at: http://dx.doi.org/10.1111/].2041-1294.2010.00005.x)

Subtopic d:

1. “Sustainable Products and Processes — Vision and Roadmap Workshop Planning Meeting
Summary”, ASME, October 16, 2008

5. INNOVATIVE SOLAR POWER: LOWERING THE COST OF NOVEL
PHOTOVOLTAICS, SOLAR DESIGNS FOR DESALINATION, AND
DISTRIBUTED CONCENTRATING SOLAR POWER

U.S. Department of Energy Solar Energy Technologies Program goals are to reduce the cost of
electricity from solar to be competitive with retail and wholesale electricity market rates. It is
projected that by 2015 retail electricity (residential and commercial rates) will range from $0.06
to $0.15/kWh, and wholesale electricity will be $0.04 to $0.08/kWh. Solar energy must be at or
below these costs if it is going to play a major role in the broader electricity market, though other
markets may also be a possibility for targeted solar plays. In order to fulfill its overall mission to
bring cost competitive solar electricity to the United States while also providing opportunities for
more specific applications of solar technology development, projects are solicited for innovative
solar technologies for High Efficiency, Low Cost Thin Film Photovoltaics; Low Cost Building
Integrated Photovoltaics; Static Module PV Concentrators; Solar-Powered Water Desalination;
Distributed Concentrating Solar Power; and Other Innovative Solar Technology Concepts.

Grant applications submitted in response to this topic should (1) include a review of the state-of-
the-art of the technology and application being targeted; (2) provide a detailed evaluation of the
proposed technology and place it in the context of the current state-of-the-art; (3) analyze the
proposed technology development process, the pathway to commercialization, and the attendant
potential public benefits that would accrue; (4) address the ease of implementation of the new
technology, and its potential for high reliability; and (5) demonstrate that the proposed
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technology has the potential to reduce lifecycle costs compared to current technologies, will have
high reliability, and will address a large potential market.

Phase I should include (1) a preliminary design; (2) a characterization of laboratory-scale devices
using the best measurements available, including a description of the measurement methods; and
(3) a road map with major milestones, leading to a production model of a system that would be
built in Phase II. In Phase I, devices suitable for near-commercial applications must be built
and tested, and issues associated with manufacturing the units in large volumes at a competitive
price must be addressed.

5a. High Efficiency, Low Cost Thin Film Photovoltaics

The highest efficiency photovoltaic devices today currently encompass very small areas and are
very expensive, as high as $1,000/m2. Laboratory champion cells have been demonstrated to
achieve about 42 % for a three-junction, lattice-matched GalnP/GalnAs/Ge cell. Thin film
photovoltaics have demonstrated much lower manufacturing costs but production efficiencies
remain significantly lower than their laboratory demonstrations. Typical production module
efficiency of about 12 % for CIGS and 11% for CdTe have been achieved and is lower than
laboratory results of about 20% for thin film single junction CIGS cells, and about 16.5% for
thin film single junction CdTe cells. Grant applications are sought for development of multi-
junction thin films with higher efficiencies than current thin films without concentration or
tracking.

Contact: Minh Le, 202-287-1372, Minh.Le@ee.doe.gov

5b.  Low Cost Building Integrated Photovoltaics

Integrating photovoltaics into building structures opens the door to numerous new energy
conversion design possibilities, from curved form factors for aesthetics, PV surfaces that can flex
with underlying structures or photovoltaics that fit odd spaces. Innovative low cost Building
Integrated Photovoltaic solutions are sought to replace current building materials and structures
with products that both replace the old material or structure and add photovoltaic generation. In
order to qualify as “low cost”, the photovoltaic product needs to be equal or less than the cost of
the material or structure it is replacing.

Contact: Alec Bulawka, 202-586-5633, Alec.Bulawka@ee.doe.gov

5c.  Static Module PV Concentrators

Like high ratio tracking PV concentrators, the promise is to reduce cost by replacing expensive
PV cells with inexpensive reflectors. Unlike tracking concentrators, static modules have little or
no tracking cost, reduced tolerances and lower thermal stress due to lower concentrating ratios.
Compared to tracking concentrators, static modules are simple and easy to deploy and maintain.
Since the 1970s there have been many R&D efforts, some as simple as positioning flat reflectors
to augment the light striking conventional monofacial PV panels. Results have been mixed and
designs somewhat complex, nevertheless the promise remains. Grant applications are sought for
innovative static module PV concentrators that will significantly impact the cost.
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Contact: Alec Bulawka, 202-586-5633, Alec.Bulawka@ee.doe.gov

5d.  Solar-Powered Water Desalination

Only 2.5% of all water in the world is fresh; of that, less than 0.1% is readily available for direct
human use. Thus, the need for water desalination is more than evident. A handful of energy-
intensive techniques are currently used, mostly at industrial scale; however, solar energy can be
used as an alternative to conventional sources of energy for water desalination purposes.
Furthermore, many regions that lack potable water happen to have an abundant and plentiful
solar resource. Three desalination techniques in particular--reverse osmosis (RO), multi-stage
flash (MSF), and multi-effect distillation (MED)--are well-suited to using renewable

energy, namely solar energy. RO is the most widely deployed desalination technique, and filters
water using a membrane to remove particulates. RO is best suited for brackish water as opposed
to saltwater, and plants can range from quite small (a single village) to industrial scale. The only
major energy requirement is the pressurization of the feed water, along with any associated
pumping. Due to the relatively small size of RO plants and the electricity-only requirement,

PV represents the most applicable solar technology for RO. MSF pressurizes and heats seawater,
which is then discharged into a low-pressure chamber. The resultant steam loses its brine
droplets and condenses into fresh water, which is collected. MSF plants require heat for creating
the steam and electricity for pumping. MED is similar to MSF, but rather than a single low-
pressure chamber, a series of chambers are utilized, each with a lower pressure than the
preceding chamber. Like MSF, it requires both thermal and electrical energy, but MSF has the
added benefit of being able to operate at a lower top brine water temperature. Due to the
industrial scale and the electricity and heat requirements, CSP represents the most applicable
solar technology for MSF and MED. In fact, many MSF and MED plants are built alongside
combined cycle plants to take advantage of the heat processes and generated electricity. Grant
applications are sought for innovative and cost-effective PV-RO, CSP-MSF, or CSP-MED
applications. Although these three options seem to be the most apparent combinations, other
solar-powered water desalination alternatives will also be considered. Economic studies have
shown that implementing a solar-only water desalination facility is currently three to four

times more expensive than with a gas-fired plant; due to lower capacity factors from renewable
technologies, a renewables-only desalination plant is inherently limited by the capacity factor of
its energy sources. One of the challenges will be making solar-powered water desalination cost-
effective; therefore, solar-gas hybrid designs will also be considered. Systems can be
desalination-only or co-generation of electricity and fresh water. A preliminary cost

analysis should be submitted with the grant application to indicate a commercially viable project.

Contact: Alec Bulawka, 202-586-5633, Alec.Bulawka@ee.doe.gov

5e. Distributed Concentrating Solar Power (CSP)

The overarching goals of the DOE CSP subprogram are inextricably linked to the intermediate
and base load power markets. However, because CSP facilities are often located long distances
from load centers in remote desert regions, construction of utility-scale CSP power plants are
often hindered by a lack of transmission access. Many existing transmission lines are at or near
full capacity, and new transmission lines can take years to develop and construct. Other issues,
including land permitting and environmental studies (land, water, wildlife, etc.), can further
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complicate, and delay the process of building large-scale CSP facilities. Thus, there is value in
exploring the potential of deploying CSP in the distributed market. One of the benefits of
distributed CSP systems is the ability to create small-scale, fully packaged, "off-the-shelf" CSP
solutions that have the potential to significantly reduce assembly and installation time. Grant
applications are sought for innovative and cost-effective CSP systems for distributed
applications. "Distributed" is here loosely defined, and can include residential, community, and
commercial applications ranging from a few kilowatts to several megawatts. Although dish-
engine systems seem to be the CSP technology best suited for distributed applications due to
their independent, stand-alone, scalable design, any CSP technology--parabolic trough, linear
Fresnel, power tower, dish-engine, or alternative concepts--will be considered. Regardless of the
technology utilized, one of the challenges will be making distributed CSP cost-effective, as PV
currently represents a more economically attractive solar option in the distributed generation
market. Part of the solution may reside in targeting non-electricity distributed CSP applications,
including process heating and solar air conditioning; thus, grant applications need not be power-
generation based. Systems can be rooftop-mounted or ground-mounted, and can be located close
to urban centers or be utilized for rural electrification. A preliminary cost analysis should

be submitted with the grant application to indicate a commercially viable project.

Contact: Alec Bulawka, 202-586-5633, Alec.Bulawka@ee.doe.gov

5f. Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Alec Bulawka, 202-586-5633, Alec.Bulawka@ee.doe.gov
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6. ADVANCED WATER POWER TECHNOLOGY DEVELOPMENT

The mission of DOE’s Water Power Program is to undertake the necessary research,
development, test, evaluation, and demonstration of innovative water power technologies, in
order to effectively generate renewable, environmentally responsible, and cost-effective
electricity from water resources. These technologies include devices capable of extracting
electrical power from waves, tides, currents, and ocean thermal temperature differences. They
also include technology improvements that will enable cost-competitive development of new
hydropower resources such as hydropower projects built on conduit or water conveyance
systems, existing non-powered dams, or pumped storage projects, or lead to improvements in the
efficiency and/or environmental performance of existing hydropower and pumped storage
facilities.

This topic seeks to further advance the development and introduction of novel technologies and
solutions that will speed the commercialization of innovative water power systems, thus adding
to our nation’s renewable energy portfolio. Grant applications must (1) thoroughly describe the
proposed system, subsystem, or component, and its potential benefits over current technologies;
(2) to the extent feasible, demonstrate that the proposed approach, in a mature configuration, will
have a net positive impact on the generation of electricity from water power resources or overall
cost of energy (COE) production through improved performance, or reliability, taking into
account such long-term factors as operations, maintenance, refurbishment, replacement, and
recycling; and (3) establish a clear, realistic long-term plan for concept development, prototype
fabrication, testing, and establishing the industry partnerships required for successful
commercialization. Proposed projects that involve the participation of a DOE national
laboratory must obtain approval from the laboratory prior to submission, and provide evidence of
that approval in the grant application.

Grant applications are sought in the following subtopics:

6a. Pumped Storage Hydropower (PSH)

Like conventional hydropower, PSH uses the potential energy of water from an elevated
reservoir to generate power. However, PSH uses reversible turbines that can also pump water
back into the upper reservoir during low power demand for later use to generate power during
peak demand. PSH projects can be cycled on or ramped up and down extremely quickly for
peaking power compared to fossil-fueled plants that require significantly more start-up time.
Additionally, PSH are used for load balancing, load-following, and other grid management
techniques, and enable the large-scale incorporation of variable renewables such as wind and
solar.

Grant applications are sought to pursue new and innovative approaches, and/or advances for PSH
systems or subsystems, especially those that have combined energy efficiency and environmental
benefits. Sample topics include:

e Reversible turbine/generator assemblies (with a focus on cavitation, pitting and vortex
prevention, flow induced vibration and fluid structure coupling). Typically intakes and
outlets are designed for flow in one direction, but for PSH power intakes need to work as
pump outlets and vice-versa.
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e Technologies to more efficiently transport water between reservoirs, to include the design
and control of transients in pressurized shafts and tunnels in both directions.

e Application/optimization of underground structures including powerhouses, water
conveyance systems and underground reservoirs

e Applications that address other topics that advance the state-of-the-art of pumped storage
hydropower technologies will be considered.

Grant applications must provide:

(1) a technical integrated operational description of a proposed PSH system or subsystem;

(2) a description of how the proposed subsystem integrates into an overall project concept and
improves on existing technology;

(3) an analysis for determining critical design load cases for the overall concept;

(4) an analysis of the power performance and energy extraction capability based on available
energy; and

(5) a discussion considering the environmental issues to be encountered or resolved as a result of
the technology employed.

(Subsystems may be proposed that do not address a specific device under development if it can
be clearly shown that the subsystems can benefit multiple devices under development
generically. In these cases, items 3 and 4 above may not be applicable).

The Phase I report for proposed PSH systems should:

(1) analyze the comparative benefits of the proposed technology relative to what already exists;

(2) summarize and detail the analysis methodology; and

(3) provide results with respect to cost, performance, reliability, production, external conditions,
and operating load responses for particular design load cases, in order to demonstrate the
overall performance of the full system.

Technologies of interest for PHS that are also more broadly applicable to other types of
advanced hydropower systems are separately identified in Subtopic 6-b.

Contact: Rajesh Dham, 202-287-6675, Rajesh.Dham@ee.doe.gov

6b.  Advanced Hydropower Systems

Advanced hydropower systems are technologies that improve the energy efficiency and/or
environmental performance of existing hydropower turbines, generators, dams, and diversions,
including those that increase the water-use efficiency of hydropower projects (i.e., generate more
electricity with less water). For the purpose of this solicitation, advanced systems also include
new technologies that will enable cost-competitive development of new hydropower resources,
such as hydropower projects built on existing water conveyance systems, existing non-powered
dams, or scalable pumped storage projects (i.e., lower flows, heads, or capacity). Some new
turbine designs have been proposed recently (e.g., fish friendly designs supported by DOE’s
Advanced Hydropower Systems Program), but few have been fully tested. Also, automated
control technologies and decision support systems, which may offer substantial increases in
operational efficiencies along with environmental benefits, have been proposed.
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Grant applications are sought to pursue new advances for hydropower systems or subsystems,
especially those that have combined energy and environmental benefits. Areas of interest
include:
e Advanced electrical components for integration of hydropower with other renewables
¢ Fish-friendly turbine designs
e Variable-speed or high-voltage generators, especially those applicable to innovative and
scalable pumped storage projects
e Cost-effective turbine control systems and flow measurement systems, especially those
that can be used remotely or in difficult to access flow paths
e Advanced weirs for flow re-regulation and aeration downstream of power plants
e High-performance materials and coatings to replace or rehabilitate existing components
e Applications that address other topics that advance the state-of-the-art of hydropower
technologies will be considered.

Grant applications must provide:

(1) a technical and integrated operational description of a proposed hydropower system or
subsystem;

(2) a description of how the proposed subsystem integrates into an overall project concept and
improves on existing technology;

(3) an analysis for determining critical design load cases for the overall concept;

(4) an analysis of the power performance and energy extraction capability based on available
energy; and

(5) a discussion considering the environmental impact issues to be encountered or resolved as a
result of the technology employed.

Subsystems may be proposed that do not address a specific device under development if it can be
clearly shown that the subsystems can benefit multiple devices under development generically.
In these cases, items 3 and 4 above may not be applicable.

The Phase I report for proposed advanced hydropower systems should

(1) analyze the comparative benefits of the proposed technology relative to what already exists
within the hydropower industry;

(2) summarize and detail the analysis methodology that will be applied to the proposed new
technology; and

(3) provide results with respect to cost, performance, reliability, production, external conditions,
and operating load responses for particular design load cases, in order to demonstrate the
expected, overall performance of the full system.

Contact: Rajesh Dham, 202-287-6675, Rajesh.Dham@ee.doe.gov

6c.  Wave and Current Energy Technologies

Wave and current energy technologies have significant potential for utility-scale energy
production. While many systems are under development and progress is being made towards
deployment, new concepts and further refinement of systems, subsystems and components are
needed to achieve cost-competitive, reliable and energy efficient devices that meet DOE strategic
goals.
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Grant applications are sought to develop approaches that can advance wave and current energy
technologies. Areas of interest include wave energy converters (such as point absorbers,
oscillating water column devices, overtopping devices, and attenuators), and energy conversion
technologies for tidal, river, and ocean currents (e.g., both axial flow and cross flow turbines are
of interest, as well as other methods that can demonstrate reasonable energy conversion
efficiency).

In addition, computational methods addressing the design of systems and components are needed
to optimize energy extraction, conversion, and distribution. These methods may be in the form
of modeling techniques, new code development, customization of existing software to apply to
the marine energy industry, or the reduction and analysis of computational and empirical results.
Grant applications are sought to pursue detailed development of new system concepts, sub
systems, or components embodied in a broader concept or device, or design methods to assist the
optimization of new systems, subsystems or components. Sample topics include:

e Moorings, seabed attachments and associated arrangements for wave, tidal and/or current
devices and/or arrays: including but not limited to the development of: innovative
mooring and seabed attachment solutions; design tools for mooring arrays; advanced
installation or service equipment; and/or systems/solutions that enhance environmental
acceptance

e Advanced Mechanical Sub-Systems/Components: This area is aimed at increasing the
mechanical energy conversion efficiency, environmental performance, survivability
and/or reliability of devices, including but not limited to: turbine blades, rotors or rotor
subcomponents; power conversion mechanisms; low friction bearings with high load
capability, long life and high tolerance of variable device geometry; mechanical shaft
seals with long life in sea water; and the development and/or application of alternative
materials/coatings.

e Advanced Electrical Sub-Systems/Components: This area is aimed at increasing the
efficiency and reliability of electrical energy generation, transmission, and distribution,
including but not limited to: the design and installation of advanced generator concepts
and power electronic converters, optimized device/array power transmission and
conditioning systems, low-cost flexible submerged electrical cables, load mitigation
systems, and intelligent condition monitoring systems.

e Fluid-structure interaction modeling and/or computational analysis based on first
principle physics, to better understand the performance of the hydrodynamic interface of
new devices and to enable iterative resolution of various device configurations and ocean
resource conditions.

In addition, subsystems, components and design methods that do not address a specific device
also may be proposed, provided that it is clearly shown that the proposed component, subsystem
or method generically can benefit multiple devices. In these cases, items (2) and (3) below may
not be applicable.

Grant applications must provide: (1) a technical and operational description of the proposed

device or subsystem (the latter describing how the proposed subsystem integrates into, and
enhances, a full energy conversion system); (2) a demonstrated understanding of the design
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criteria for extreme load conditions and associated load shedding capabilities of the proposed
device, or component/subsystem and, if appropriate, the integrated system; (3) an analysis of the
power performance and energy extraction capability of the proposed device or
component/subsystem and/or the integrated system, as appropriate, based on available energy;
and (4) a discussion that addresses the environmental impact issues to be encountered or resolved
as a result of the technology employed.

The Phase I report for proposed advanced wave and current energy technologies should

(1) analyze the comparative benefits of the proposed technology relative to what already exists
within the industry;

(2) summarize and detail the analysis methodology that will be applied to the proposed new
technology; and

(3) provide results with respect to cost, performance, reliability, production, external conditions,
and operating load responses for particular design load cases, in order to demonstrate the
expected, overall performance of the full system.

Contact: Rajesh Dham, 202-287-6675, Rajesh.Dham@ee.doe.gov

6d.  Advanced Component Designs for Ocean Thermal Energy Conversion Systems
(OTEC)
OTEC systems use the ocean's natural thermal gradient—the fact that the ocean's layers of water
have different temperatures—to drive a power-producing cycle. As long as the temperature
between the warm surface water and the cold deep water differs by about 20°C (36°F), an OTEC
system can produce a significant amount of power. The oceans are thus a vast renewable
resource. Technological challenges to OTEC commercialization include: access to and transport
of cold seawater from depth, low thermal conversion rates due to relatively small temperature
differences between cold deep seawater and warm surface waters; cost and reliability of heat
exchanger systems, high capital costs associated with the large scale of conversion equipment;
power transmission to shore based facilities; platform design and mooring in deepwater
applications; and computational models and analysis methods to assist in the design of OTEC
systems, subsystems, and components.

Grant applications are sought for research and development to explore advanced concepts,
systems, and/or approaches to address these challenges, in the following areas:

e OTEC Cold Water Pipe (CWP)

e High performance, OTEC-optimized heat exchanger design and manufacture

e OTEC Platforms (to include mooring and power transmission solutions)

e Balance of Plant Components, such as: high volume, high efficiency sea water pumps;
high efficiency, low temperature and pressure ammonia gas turbines; and/or high
efficiency vacuum pumps.

e Design techniques and methods to provide reliable, affordable iterations toward optimal
system configuration and operation.

Grant applications must provide: (1) a technical and integrated operational description of the
proposed OTEC component / subsystem; (2) a discussion detailing the benefits (cost,
performance, etc.) of the proposed component / subsystem, to include a comparison with
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currently available technologies and/or systems, (3) an analysis that considers the long-term
performance and life cycle cost associated with operations and maintenance, refurbishment,
replacement, and/or recycling, as relevant; and (4) a discussion considering the environmental
issues to be encountered or resolved as a result of the technology employed.

The Phase I report for proposed OTEC systems should:

(1) analyze the comparative benefits of the proposed technology relative to what already exists
within the industry;

(2) summarize and detail the analysis methodology that will be applied to the proposed new
technology; and

(3) provide results with respect to cost, performance, reliability, production, external conditions,
and operating load responses for particular design load cases, in order to demonstrate the
expected, overall performance and benefits of the full system.

Contact: Rajesh Dham, 202-287-6675, Rajesh.Dham@ee.doe.gov

6e.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Rajesh Dham, 202-287-6675, Rajesh.Dham@ee.doe.gov
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7. WIND ENERGY TECHNOLOGY DEVELOPMENT

In July 2008, the U.S. Department of Energy (DOE) published the results of a report entitled
20% Wind Energy by 2030: Increasing Wind Energy’s Contribution to U.S. Electricity Supply.
According to the report, the United States has more than 8,000 gigawatts (GW) of available land-
based wind resources that could be captured economically. Offshore-based wind resources also
hold great potential for future development. Under the 20% wind energy scenario, the industry
could support 500,000 jobs by 2030, 180,000 of which would be directly related to the industry
through construction, operations, and manufacturing.

Although achieving 20% wind energy would have significant economic, environmental, and
energy security benefits, the industry must overcome significant challenges to make this goal a
reality. In particular, the transmission infrastructure must be enhanced, U.S. manufacturing
capacity must be increased, siting, permitting and environmental risks must be reduced,
commercial and technical barriers must be overcome, and the reliability and operability of wind
systems must be improved. To address these challenges, the DOE Wind Program and the
national laboratories collaborate with federal, state, industry, and stakeholder organizations to
lead wind-energy technology research, development, and application efforts.

This topic seeks to further advance the development of technologies to speed the
commercialization of wind energy as a national resource. Grant applications must (1) thoroughly
describe the proposed product, subsystem, or component and its potential benefits over current
technologies; (2) to the extent feasible, demonstrate that the proposed approach, in a mature
configuration, will have a net positive impact on wind turbine or overall wind plant cost of
energy (COE) through performance enhancement or reliability, taking into account such long-
term factors as maintenance, refurbishment, replacement, and recycling; and (3) establish a clear,
realistic long-term plan for concept development, prototype fabrication, testing, and establishing
the industry partnerships required for successful commercialization. Proposed projects that
involve the participation of a DOE national laboratory must obtain approval from the laboratory
prior to submission, and provide evidence of approval in the grant application.

Grant applications are sought in the following subtopics:

7a.  Transportation and Assembly of Extremely Large Wind Turbine Components for
Land-Based Wind Turbines

As land-based, utility-scale wind turbines continue to increase in MW rating, transportation of

extremely large wind turbine components is becoming a challenge; in fact, it may not be possible

to construct wind turbines on land much larger than 3 MW due to constraints such as the
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transportation of blades greater than 50m in length, tower sections and drivetrain components
that are too large and heavy to be moved via truck, etc. Grant applications are sought to address
the transportation of extremely large wind turbine components through innovative ideas related
to transportation solutions, on-site assembly, modular component manufacturing, and/or other
related technologies. Grant applications must: (1) demonstrate that the proposed technology
would facilitate the deployment of 5+ MW land-based wind turbines, given their extremely large
wind turbine components such as blades, hubs, towers, drivetrains, and nacelle assemblies; and
(2) demonstrate the economic viability of the technology.

Contact: Ronald Harris, 202-287-6483, ronald.harris@ee.doe.gov

7b.  Highly Automated, Utility-Scale Blade Manufacturing

Blade reliability is a large component of operation and maintenance (O&M) costs for wind farm
owners/operators. Defects introduced during the manufacturing process are one of the major
reliability problems facing the wind industry and can require extensive repair in the field or lead
to catastrophic failures. A high-throughput, highly automated process for manufacturing wind
turbine blades has the potential to increase blade uniformity and to reduce the total number of
defects, thereby greatly enhancing blade reliability. Grant applications must: (1) demonstrate that
the proposed technology would allow for a high-throughput, highly automated blade
manufacturing process that would significantly increase the uniformity of wind turbine blades
and significantly reduce the number and severity of manufacturing induced defects; and (2)
demonstrate the economic viability of the technology.

Contact: Michael Derby, 202-586-6830, michael.derby@ee.doe.gov

7c.  Wind Energy Capture in Non-Conventional Wind Resources

Conventional wind turbines, both on- and off-shore, are sited in locations where it is possible to
erect free-standing towers up to 65 meters in height or more. There are other applications which
may not lend themselves to conventional wind turbine technology, including high-altitude wind
resources, remote geographic locations, rapidly deployable / temporary systems for disaster relief
or military deployment, etc. Grant applications are sought to develop technologies that
overcome these barriers to conventional wind deployment, whether through airborne wind
energy capture or other innovative designs. Grant applications must: (1) demonstrate that the
proposed technology would address barriers to conventional technology related to extracting
wind energy in difficult to access wind resources; and (2) demonstrate the economic viability of
the technology.

Contact: Mark Higgins, 202-287-5213, mark.higgins@ee.doe.gov

7d.  Remote Wind Sensor and Algorithm Development for Offshore Wind

For a large number of offshore energy sites, traditional MET masts may not be feasible due to
water depth. Alternative methods are needed to measure wind speed at multiple heights to
determine wind shear profiles, wind speed, and atmospheric conditions in which wind turbines
would operate. All offshore projects, particularly wind farms, will require this site-specific
information. Collecting this data will require remote sensing equipment such as SODAR, LIDAR
or coastal RADAR based systems, the development of new measuring methods and software
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programs, and stable buoy systems. Existing remote sensing methods have not yet been fully
proven in on-shore or offshore applications to the satisfaction of all stakeholders, including
financial institutions and utilities. Applicants are encouraged to team with commercial offshore
energy project developers and/or commercial resource assessment firms to ensure that industry
needs and priorities are fully considered in development of hardware and software product
specifications, validation methods, and commercialization plans. Grant applications must: (1)
demonstrate and validate new instrumentation concepts or improve existing technology to meet
industry requirements for resource characterization; and (2) demonstrate the economic viability
of the technology.

Contact: Chris Hart, 202-287-6676, chris.hart@ee.doe.gov

Te. Offshore Grid Infrastructure Hardware Development

Offshore wind and marine hydrokinetic projects require a subsea intra-array electrical grid and
substations, plus connection to the utility grid via offshore transmission cables. Grant
applications are sought for specification and design of innovative marine electrical hardware,
cables and installation techniques optimized for the conditions and operating requirements of
U.S. offshore wind or marine hydrokinetic farms. The goal of this activity is to encourage
innovations that will lower balance-of-station capital expenditures, reduce transmission costs and
operating faults, and facilitate practical solutions to bringing offshore wind or marine
hydrokinetic power onto the land-based grid in large quantities. Applicants are encouraged to
team with commercial offshore energy project developers and/or offshore electrical construction
firms to ensure that industry needs and priorities are fully considered in development of
hardware specifications, validation methods, and commercialization plans. Grant applications
must: (1) demonstrate that the new design would address barriers to large-scale offshore marine
grids; and (2) demonstrate the economic viability of the technology.

Contact: Chris Hart, 202-287-6676, chris.hart@ee.doe.gov

7f. Offshore Mooring and Anchoring Technology

New technology will be needed to address low-cost, easily deployable mooring systems for
floating offshore wind and marine hydrokinetic systems. Floating platforms, mooring line
systems, and anchor installation and deployment are all significant cost drivers. A new
generation of drag embedment-type anchors or vertical-load anchors or other novel concepts
could lower installation and deployment costs. Easily deployable anchor systems for all platform
types that can be manufactured from low-cost materials and can be incorporated into simple
float-out installation systems would help to lower the cost of installation for offshore energy
platforms. Grant applications must: (1) demonstrate that the proposed technology would allow
for easily deployable, versatile, robust mooring systems for offshore energy platforms; and (2)
demonstrate the economic viability of the technology.

Contact: Chris Hart, 202-287-6676, chris.hart@ee.doe.gov

7g.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.
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Contact: Mark Higgins, 202-287-5213, mark.higgins@ee.doe.gov
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8. ADVANCED TECHNOLOGY APPLICATIONS FOR BUILDINGS

DOE conducts research to improve the performance of buildings through systems integration and
component R&D. Systems integration research and development activities analyze building
components and systems and integrate them so that the overall building performance is greater
than the sum of its parts, often using the components developed by BT. In turn, research and
development of individual building components (such as envelope and equipment/appliances)
provides the technical basis for significant contributions to achieving improved energy
performance in buildings. This solicitation seeks innovative approaches in three component
areas: cold climate heat pumps, buildings envelope materials, and two aspects of solid state
lighting.

8a.  High-Performance, Cold-Climate Heat Pumps for Residential and Commercial
Buildings
The Department of Energy is seeking the development of high-performance, cold-climate heat
pumps for (a) residential buildings and (b) commercial buildings. Discussion. While heat-pump
technology can provide high-efficiency climate control, there are currently no strong candidates
for air source heat pump system designs that maintain both capacity and COP in cold climates. If
these systems were developed, they could have a significant energy-savings impact in cold
regions, particularly where natural gas is not available. Possible system designs could include
multi-stage units, alternative refrigerants, or other innovative approaches that maintain
performance and cost competitiveness. Because the building stock increases by only a few
percent annually, successful design concepts must be applicable to both new construction and
retrofits of existing buildings. Performance targets are shown:
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Cold-Climate Heat Pump Performance Targets
. Maximum % capacity
?lr:r;blent Temperature Minimum COP | degradation from
nominal
47 (nominal rating 4 0
point)
17 3.5 10
-13 3 25

All grant applications submitted in response to this topic should include the following: (1) a
detailed evaluation showing how the proposed concept advances the state-of-the-art (e.g., in
terms of energy efficiency, reduced lifecycle costs, reliability, market share, etc.) and addresses a
large potential market; (2) an outline of the proposed technology development process, pathway
to commercialization, and potential public benefits that would accrue; and (3) a discussion of the
ease of implementation of the new technology and its potential for high reliability. Phase I
proposals should include (1) a preliminary design, (2) a characterization of laboratory-scale
devices using the best measurements available, including a description of the measurement
methods, and (3) a road map showing major milestones that would lead to a system that would
be built and tested in Phase II. In Phase II, devices suitable for near-commercial applications
must be built and tested, and issues associated with manufacturing the units in large volumes at a
competitive price must be addressed.

Contact: Tony Bouza, 202-586-4563, Antonio.bouza@ee.doe.qgov

8b.  Advanced Materials for Building Envelope Applications

The Department of Energy is seeking the development of advanced materials for building
envelope systems. These include materials for improved and variable (a) emissivities, and (b)
reflectances.

a) While low-emissivity (low-e) surfaces have played a major role in improving window
glazing and radiant barrier attic roof products, further development is needed. The best
available emissivity for glass surfaces exposed to the environment is no lower than 0.15
(sealed insulated glass units can be as low as 0.02); spray-applied coatings generally
result in emissivities no lower than 0.25. Development is needed on reducing these
emissivity values, for an increased pallet of colors. Development is also needed on low-
cost, variable-emissivity materials, for applications in areas with large diurnal or seasonal
variations.

b) Development is needed on materials for variable solar reflectivity of roofing surfaces to
allow for high solar reflectance in warm and hot conditions, but to adapt to a passive
solar collection when heating gains are desirable. This area focuses on reflectivity of
roofing surfaces only.

Because the building stock increases by only a few percent annually, successful design concepts
must be applicable to both new construction and retrofits of existing buildings.
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All grant applications submitted in response to this topic should include the following: (1) a
detailed evaluation showing how the proposed concept advances the state-of-the-art (e.g., in
terms of energy efficiency, reduced lifecycle costs, reliability/durability, market share, etc.) and
addresses a large potential market; (2) an outline of the proposed technology development
process, pathway to commercialization, and potential public benefits that would accrue; and (3) a
discussion of the ease of implementation of the new technology and its potential for high
reliability/durability. Phase I proposals should include (1) a preliminary concept, (2) a
characterization of laboratory-scale materials using the best measurements available, including a
description of the measurement methods, and (3) a road map showing major milestones that
would lead to the integration of the material into building envelope system prototypes that would
be built and tested in Phase II. In Phase II, system-level prototypes suitable for near-commercial
applications must be built and tested, and issues associated with manufacturing the units in large
volumes at a competitive price must be addressed.

Contact: Marc LaFrance, 202-586-9142, marc.lafrance@ee.doe.qgov

8c. Solid State Lighting: Inorganic Light Emitting Diodes (LEDSs) - Substrates and
Semiconductors for Inorganic Light Emitting Diodes (LEDs)
Inorganic Light Emitting Diodes (LEDs) have rapidly evolved during the past 20 years as viable
components for energy efficient lighting in a variety of general illumination applications.
However, despite their pervasive presence in the marketplace, a number of technical challenges
continue to inhibit their expansion and market penetration into more mainstream lighting
applications that represent large percentages of the primary energy consumed by electric lighting
in US buildings and are of particular interest to the DOE. Improved substrates and
semiconductors for light sources are sought to address these challenges.. Research is sought to
develop alternative low cost, high quality substrates for LEDs that enable the growth of higher
quality epitaxial layer structures. Candidate substrates shall be amenable to high efficiency
manufacturing at low cost. Successful substrate approaches shall successfully demonstrate
improvements in LED performance over state-of-the-art, under the metrics of reduced droop,
improved thermal performance, or green external quantum efficiencies (EQE). Preference may
be given to approaches that meet the above requirements while demonstrating feasibility for cost
reduction of the LED through lower substrate cost, reduced fabrication costs, or improved yield.
(MYPP subtask B1.1) Research is also sought for the development and deployment of efficient
LED emitters with an emphasis on the production of white light with improved droop and
thermal sensitivity parameters. Successful semiconductor material approaches shall demonstrate
improved LED wall plug efficiencies at optimal wavelengths across the visible spectrum.
(MYPP subtask B1.2)

As described fully in the DOE SSL Multi-Year Program Plan (MYPP) available for download at
http://www]1.eere.energy.gov/buildings/ssl/, a number of high priority research areas have been
identified and are included here as an area of interest under this subtopic. Applicants must
specifically respond to the area of interest and must include sufficient technical, price and
performance information to permit a full review. Technical information included in proposals
should include specific reference to one or more of the appropriate areas of the MYPP.
Projections of price or cost advantage due to manufacturing improvements, materials use or
design simplification for example should provide references to current practices and pricing to
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enable informed comparison to present technologies. All performance claims must be fully
justified with either theoretical predictions or experimental data. Failure to provide adequate
technical information will be sufficient reason to immediately reject proposals as non-responsive.

Contact: Jim Brodrick, 202-586-1856, james.brodrick@ee.doe.gov

8d.  Solid State Lighting: Development of Low-Cost Electrodes for Organic Light
Emitting Diodes (OLEDS)
Advancements in Organic Light Emitting Diodes (OLEDs) have evolved with remarkable
progress since the initial introduction of white phosphorescent designs almost 20 years ago. Like
many other electronic organic materials systems that are popular today, a number of technical
hurdles remain and are the subject of this subtopic. Improvement is sought for electrode
structures to advance OLED technology. Applicants responding to this subtopic are encouraged
to propose solutions that advance the technology, price and performance goals without
compromising other attributes such as manufacturing ease or compatibility with existing
manufacturing lines. Research is sought for the development of low cost, low voltage,
transparent and stable electrode structures for efficient and uniform current injection for OLEDs.
Successful approaches shall be compatible with high efficiency organic materials and be suitable
for large-scale manufacturing. Attention shall be given to limiting surface roughness to prevent
shorting. Acceptable design may include a conducting grid, segmented structures, light
extraction enhancements, and/or charge injection enhancement layers. (MYPP subtask D2.2)

As described fully in the DOE SSL Multi-Year Program Plan (MYPP) available for download at
http://www].eere.energy.gov/buildings/ssl/, a number of high priority research areas have been
identified and are included here as an area of interest under this subtopic. Applicants must
specifically respond to the area of interest and must include sufficient technical, price and
performance information to permit a full review. Technical information included in proposals
should include specific reference to one or more of the appropriate areas of the MYPP.
Projections of price or cost advantage due to manufacturing improvements, materials use or
design simplification for example should provide references to current practices and pricing to
enable informed comparison to present technologies. All performance claims must be fully
justified with either theoretical predictions or experimental data. Failure to provide adequate
technical information will be sufficient reason to immediately reject proposals as non-responsive.

Contact: Jim Brodrick, 202-586-1856, james.brodrick@ee.doe.qgov

8e.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Jim Brodrick, 202-586-1856, james.brodrick@ee.doe.qgov
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9. ENERGY EFFICIENT MEMBRANES FOR INDUSTRIAL APPLICATIONS

Separation technologies recover, isolate, and purify products in virtually every industrial process.
Pervasive throughout industrial operations, conventional separation processes are energy
intensive and costly. Separation processes represent 40 to 70 percent of both capital and
operating costs in industry. They also account for 45 percent of all the process energy used by
the chemical and petroleum refining industries every year. Industrial efforts to increase cost-
competitiveness, boost energy efficiency, increase productivity, and prevent pollution demand
more efficient separation processes. In response to these needs, the Department of Energy
supports the development of high-risk, innovative separation technologies. In particular,
membrane technology offers a viable alternative to conventional energy intensive separations.

Successful membrane applications today include producing oxygen-enriched air for combustion,
recovering and recycling hot wastewater, volatile organic carbon recovery, and hydrogen
purification. Membranes have also been combined with conventional techniques such as
distillation to deliver improved product purity at a reduced cost. Membrane separations promise
to yield substantial economic, energy, and environmental benefits leading to enhanced
competitiveness by reducing annual energy consumption, increasing capital productivity, and
reducing waste streams and pollution abatement costs.

Despite the successes and advancements, many challenges must be overcome before membrane
technology becomes more widely adapted. Technical barriers include fouling, instability, low
flux, low separation factors, and poor durability. Advancements are needed that will lead to new
generations of organic, inorganic, and ceramic membranes. These membranes require greater
thermal and chemical stability, greater reliability, improved fouling and corrosion resistance, and
higher selectivity. The objective is better performance in existing industrial applications, as well
as opportunities for new applications. To advance the use of membrane separations, research is
needed to develop new, more effective membrane materials and innovative ways to incorporate
membranes in industrial processes. Grant applications must address the potential public benefits
that the proposed technology would provide, both from reduced energy consumption and from
the reduction in one or more of the following: materials consumption, water consumption, and
toxic and pollutants dispersion. Grant applications should also include a plan for introducing the
new technology into the manufacturing sector, in order to access capabilities for widespread
technology dissemination.

Grant applications are sought only in the following subtopics:

%a. Membrane Materials with Improved Properties

Grant applications are sought to develop lower cost inorganic, organic, composite, and ceramic
membrane materials in order to improve one or more of the following properties: (1) increased
surface area per unit volume, (2) higher temperature operation (e.g., by using ceramic or metal
membrane materials), and (3) suitability for separating hydrophilic compounds in dilute aqueous
streams. Particular membrane materials of interest include nano-composites, mixed
organic/inorganic composites, and chemically inert materials. Particular processes/systems of
interest include membranes for the separation of biobased products, membranes for hydrogen
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separation and purification, membranes for CO, capture, and membranes for industrial
applications.

For industrial applications, high temperature separations of hydrocarbons and other mixtures are
of particular interest. For example, low molecular weight hydrocarbons are separated from
natural gas by condensing them as a liquid, and the liquid is distilled to fractionate it, or the
liquid is hydrocracked to olefins. However, chilling the natural gas in order to recover the
condensable portion and then reheating it is inefficient, because the energy used to chill it cannot
be recovered. Membranes, either as standalone systems or hybridized with other separation
technologies, may provide an energy efficient means of separating mixtures at the high
temperatures at which these industrial processes are carried out.

For all membrane processes/systems, grant applications must be targeted toward the
development of specific membrane materials for carefully defined commercial applications;
efforts focused on generalized membrane material research are not of interest and will be
declined. In order to assure the rapid commercialization of the technology, especially for use by
U.S. manufacturers, applicants are strongly encouraged to engage in partnerships, so that the
costs of the technology development and commercialization can be shared among manufacturers,
suppliers, and end users.

Contact: Charles Russomanno, 202-586-7543, Charles.Russomanno(@hg.doe.gov

9b.  Membrane Technologies for the Petroleum and Petrochemical Process Industries
This subtopic solicits innovation research for the development of membrane technology to
reduce distillation energy in petroleum refinery and petrochemical separation processes. Large-
scale industrial distillation accounts for about one-sixth of the annual energy consumed by the
petroleum and petrochemical process industries, making it the single most energy intensive
process of all US industrial processing. Since the energy savings potential for reducing
distillation is so large considerable R&D for membrane technologies with potential applications
in the petrochemical process industries has already been invested; nevertheless, membrane
technologies have so far contributed marginally to distillation energy reduction in commercial
application. Cost considerations have been the barrier to industrial hydrocarbon separations
assisted by membranes. Grant applications for innovation research in membrane technology
development for petroleum and natural gas liquid hydrocarbon separations are solicited that will
reduce distillation process energy in any of the hydrocarbon separation process steps. The
application must address aliphatic or aromatic hydrocarbon separations alone, and thus Phase 1
grant applications for innovation research in oxygenated or other chemical product membrane
separations are not responsive to this subtopic solicitation. By far the most important aspect of
this subtopic solicitation is the understanding of R&D that has already been invested in
membrane technologies for hydrocarbon separations, and an understanding of the barriers to the
development and commercialization of those membrane technologies. Thus thorough patent and
literature searches are imperative to the preparation of responsive applications to the subtopic,
and for this and for the promise of eventual commercialization of successful new technologies
the partnerships of small technology business and US industrial companies are strongly
encouraged.
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Contact: Charles Russomanno, 202-586-7543, Charles.Russomanno(@hg.doe.gov

9c. Industrial Membrane Process Systems

Grant applications are sought to enhance the separation capabilities of membranes used in
industrial process streams. Proposed research should be aimed at developing and
commercializing innovative membrane systems, using new or currently existing membranes, that
can be robust when integrated within real-world processes (e.g., inert gas removal, isomer
separation, aromatic/non-aromatic separations, sulfur removal, CO; capture, and removal of trace
metals). Grant applications should seek to address one or more of the following needs: (1)
techniques for overcoming scale-up problems related to contaminants in industrial streams
(fouling, oil misting, etc.), (2) manufacturing technologies that would reduce the cost of
membrane modules, (3) anti-fouling and anti-flux schemes to improve the long-term operability
of membrane systems, and (4) methods to regenerate membrane performance and lower
membrane maintenance costs. Also of interest is the integration of membranes with other
technologies (such as the integration of membranes with distillation systems, or with adsorption
or extraction processes), in order to address specific process issues. For all grant applications,
the overriding goal is to enhance U.S. industrial process efficiency to the maximum possible
extent by increasing the separation process efficiency. Therefore, priority will be given to
applications that carefully examine the efficiency of the proposed membrane technology within
the targeted application. Grant applications should also include a process evaluation and an
economic analysis along with the R&D effort. Lastly, technology partnerships involving U.S.
manufacturers, suppliers, and end users are strongly encouraged.

Contact: Charles Russomanno, 202-586-7543, Charles.Russomanno(@hg.doe.gov

9d.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Charles Russomanno, 202-586-7543, Charles.Russomanno(@hg.doe.gov
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TECHNOLOGIES RELATED TO ENERGY STORAGE FOR ELECTRIC DRIVE
VEHICLES

Electric drive vehicles such as hybrid electric vehicles (HEVs), plug-in hybrid electric vehicles
(PHEVs), and electric vehicles (EVs) have been identified as one important way to address the
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challenges of the nation’s dependence on imported oil and the need to reduce the emission of
green house gases. Energy storage technology represents one of the critical barriers to the
development and marketing of cost-competitive electric drive vehicles. The importance of
energy storage technologies has been reflected in Recovery Act grants of $1.5B to help establish
a domestic, vehicular battery industry. Although the energy storage requirements for these
types of vehicles are somewhat different they must all be able to accept high power recharging
pulses from regenerative braking. For all systems, the materials to be utilized should be
plentiful, have low cost relative to the materials currently in vehicular batteries, be
environmentally benign, and be easily recycled. Evaluation of the technology with regard to the
above criteria should be performed in accordance with applicable test procedures or
recommended practices as published by the Department of Energy (DOE), the U.S. Advanced
Battery Consortium (USABC), or the FreedomCAR Partnership (see references that follow).

Grant applications are sought only in the following subtopics.

10a. Technology to Allow the Recovery and Reuse of “High-Value” Materials from Used
Lithium-lon Batteries
The introduction of electric drive vehicles into the marketplace will be accelerated by
technologies that reduce the total life-cycle cost of their batteries. The recovery and processing
of “high value” materials, such as electrode materials from used lithium-ion batteries, to yield
materials that could be used in new batteries is one way to reduce total life-cycle costs. (For the
purposes of this topic, an example of a “high value” material would be LiCoO,, which could be
used in a new cell; a “lower value” material would be a cobalt oxide that only could be used in a
cell after undergoing a conventional synthesis process to produce battery grade LiCoO,.) Such
recovery and reuse could increase the residual value of a used battery and could provide
materials for new batteries at a lower cost than if those materials were synthesized from normal
starting materials. Therefore, grant applications are sought to develop and demonstrate
technologies that would enable (1) the recovery of active materials from used lithium-ion
batteries, and (2) the processing of these materials so that they might be used in new batteries.
Grant applications must address the probable cost of the proposed technologies. If there is no
cost advantage relative to the new materials, the grant application may be deemed non-
responsive. Proposed technologies that enable the recovery of the maximum quantity and variety
of material(s) from a cell are preferred. Technologies that focus on the recovery of elemental
materials (e.g., cobalt metal) or that result in a significant portion of the incoming batteries being
reduced to “slag” will be deemed non-responsive.

In Phase I, the recovery and processing technologies may be demonstrated on small quantities of
similar cells, and the capability to reuse the materials shall be confirmed in cells of at least 200
mAh in size. Phase II must address the processing of large quantities of cells of multiple
chemistries and demonstrate the performance of the recovered materials in cells of at least 2 Ah
in capacity.

Contact: Brian Cunningham, 202-287-5686, brian.cunningham@ee.doe.gov
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10b. Technologies to Allow an Electrochemical Pouch Cell to Vent Quickly and
Appropriately Under Abuse Conditions
Most electrochemical cells (including primary (non-rechargeable) storage cells, secondary
(rechargeable) storage cells, and electrochemical capacitors) will build up internal pressure when
subjected to electrical or physical abuse. In some cases this pressure can be so great that it will
rupture the cell’s container. An uncontrolled rupture is often accompanied by high temperatures,
flying parts, and cell “runaway.” Such an uncontrolled rupture would be very undesirable in an
HEV or PHEV application. Work on sealed lithium primary cells has shown that a carefully
designed vent that opens at an optimum pressure and has an optimum size can release the
internal pressure in a way that will mitigate adverse behaviors and may even “quench” cell
runaway. In lithium primary cells, an optimum vent mechanism is a function of the cell’s design
and its electrochemical components. Grant applications are sought to develop and evaluate
technology that will allow pouch cells appropriate for use in a vehicular application to vent so as
to avoid uncontrolled rupture with minimal undesirable side effects such as fire. It is expected
that the proposed technology will be specific to a family of cells (such as lithium-ion batteries
using specific components or a specific type of capacitor). The proposed technology may
incorporate both modifications to the cell’s internal components and to the cell’s container (i.e.
cell “additives” plus a carefully designed vent). Proposals should identify what cell system will
be studied and explain why it would be appropriate for use in a PHEV.

In Phase I the proposed technology should be developed and evaluated in small cells. In Phase I1
the usefulness of the technology in vehicle-size cells should be confirmed under multiple forms
of physical and electrical abuse. Phase II must also address any issues that must be resolved to
allow the technology to be produced in a controlled, reproducible, low-cost manner. The
proposed technologies should not have an adverse effect on cell properties such as electrical
performance, calendar life, or cost.

Contact: Brian Cunningham, 202-287-5686, brian.cunningham@ee.doe.gov

10c. Development of Highly Efficient Bifunctional Oxygen Electrodes for Lithium-Air
Batteries
Rechargeable lithium-air batteries offer great promise for transportation applications due to their
high specific energy and energy density. A critical component is the bifunctional oxygen
electrode. On charging, the electrode acts catalytically to evolve oxygen (the oxygen evolution
reaction, OER) and on discharge acts to reduce oxygen (the oxygen reduction reaction, ORR).
Proposals are sought to develop and demonstrate a bifunctional electrode suitable to couple with
a lithium electrode in a proposed lithium air battery suitable for use in an electric drive vehicle.
The membrane/electrolyte is not under development here, but a practical lithium-air battery
architecture needs to be identified in the proposal.

Deliverables in Phase I should include characterized electrocatalyst, fabricated and tested
electrodes (72 cell configuration), and electrochemical testing data on a coin or equivalent cell
with lithium metal negative electrodes. A successful Phase I proposal should be able to cycle at
least 5 times. The Phase I effort should also evaluate the limitations and failure modes of the
technology and provide the basis for addressing these limitations during Phase II. Successful
Phase II proposals will improve upon Phase I performance by increasing cycling to a couple
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hundred with rate capabilities typical in vehicle applications. Proposals must demonstrate the
cell performance of the developed bifunctional air electrode through a low cost manufacturing
route with cells greater or equal to 2 Ah in capacity.

Contact: Brian Cunningham, 202-287-5686, brian.cunningham@ee.doe.gov

10d. Development of Measurement Tools and Systems to Improve Manufacturing
Processes for Lithium-lon Cells

The cost of electric drive vehicle batteries is greatly influenced by the level of maturity of its

manufacturing process. Generally, a robust process resulting in minimal manufacturing costs

will focus on reducing material and processing costs, greater throughput, and higher yields. One

way to achieve higher yields is through the use of advanced quality control systems which

improve the quality of the products they are created to monitor.

The manufacture of lithium-ion cells involves many complex processes that require careful
monitoring techniques and tools to ensure products adhere to strict product/process
specifications. Average and point surface roughness, IR surface maps, XRF, pore size
distribution, acoustic emission/absorption maps, and/or thermal emissivity maps are all possible
modalities for real-time, continuous monitoring that would enable advanced quality control
systems for automotive battery manufacturing. Proposals are sought to increase the yield rate on
mass-produced batteries by providing for real-time, on-line quality control instruments.
Proposals need to address how their technology improves upon state of the art automotive battery
manufacturing monitoring techniques.

The Phase I effort should involve constructing and/or modifying existing instrumentation to
perform the various measurements and performing proof-of-principle experiments. In Phase II,

stand alone equipment is to be built and installed on partners’ Li-ion battery assembly lines.

Contact: Brian Cunningham, 202-287-5686, brian.cunningham@ee.doe.gov

10e.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Brian Cunningham, 202-287-5686, brian.cunningham@ee.doe.gov

REFERENCES

1. Links to the following Manuals are available at: http://avt.inl.gov/energy_storage lib.shtml.
These documents provide a good general basis for understanding the performance
requirements for electric and hybrid electric vehicle energy storage devices.

- FreedomCAR 42V Battery Test Manual

- FreedomCAR Battery Test Manual for Power Assist Hybrid Electric Vehicles
- PNGV Battery Test Manual, Revision 3

- Electric Vehicle Capacitor Test Procedures

- USABC Electric Vehicle Battery Test Procedure Manual, Revision 2
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2 . The internet site for the Batteries for Advanced Transportation Technologies (BATT)
program at http://batt.lbl.gov/ includes quarterly and annual reports. This program addresses
many long-term issues related to lithium batteries, including new materials and basic issues
related to abuse tolerance.

3. This site contains multiple references that summarize work supported by the Vehicle
Technologies Program related to energy storage. Prior to 2002, there are separate
publications for the Energy Storage Effort and for Advanced Technology Development. In
more recent years, there is a combined report for Energy Storage. These reports include
information about cell chemistries that have proven to be useful model systems for these
applications along with discussions of issues related to abuse tolerance and cell life. Very
useful presentations may also be found by following the links from Conferences [ Papers
and Presentations [ 2010 Vehicle Technologies Annual Review. (URL:
http://www.eere.energy.gov/vehiclesandfuels/resources/)

4. Information about requirements for vehicular batteries, separators for lithium-ion batteries,
and abuse testing can be found at the USABC section of the USCAR internet site. (Go to
http://www.uscar.org/; click on the Consortia section, click on “United States Advanced
Battery Consortium (USABC)”). This site provides a second source for many of the
documents found at reference 1.

11. INSTRUMENTATION FOR ADVANCED CHEMICAL IMAGING

The Department of Energy seeks to advance chemical imaging technologies that facilitate
fundamental research to understand, predict, and ultimately control matter and energy at the
electronic, atomic, and molecular levels. The Department is particularly interested in forefront
advances in imaging techniques that combine molecular-scale spatial resolution and ultrafast
temporal resolution to explore energy flow, molecular dynamics, breakage, or formation of
chemical bonds, or conformational changes in nanoscale systems.

11a. High Spatial Resolution Ultrafast Spectroscopy

Chemical information associated with molecular-scale processes is often available from optical
spectroscopies involving interactions with electromagnetic radiation ranging from the infrared
spectrum to x-rays. Ultrafast laser technologies can provide temporally resolved chemical
information via optical spectroscopy or laser-assisted mass sampling techniques. These
approaches provide time resolution ranging from the breakage or formation of chemical bonds to
conformational changes in nanoscale systems but generally lack the simultaneous spatial
resolution required to analyze individual molecules. Grant applications are sought that make
significant advancements in spatial resolution towards the molecular scale for ultrafast
spectroscopic imaging instrumentation available to the research scientist. The nature of the
advancement may span a range of approaches including sub-diffraction limit illumination or
detection, selective sampling, and coherent or holographic signal analysis.
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Contact: Larry A. Rahn, 301-903-2508, larry.rahn@science.doe.gov

11b. Time-Resolved Chemical Information From Hybrid Probe Microscopy’s

Probe microscopy instruments (including AFM and STM) have been developed that offer spatial
resolution of molecules and even chemical bonds. While probe-based measurements alone do
not typically offer the desired chemical information on molecular timescales, methods that take
advantage of electromagnetic interactions or sampling with probe tips have been demonstrated.
Grant applications are sought that would make available to scientists new hybrid probe
instrumentation with significant advancements in chemical and temporal resolution towards that
required for molecular scale chemical interactions. The nature of the advancement may span a
range of approaches and probe techniques, from tip-enhanced or plasmonic enhancement of
electromagnetic spectroscopy’s to probe-induced sample interactions that localize spectroscopic
methods to the molecular scale.

Contact: Larry A. Rahn, 301-903-2508, larry.rahn@science.doe.gov

11c. Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Larry A. Rahn, 301-903-2508, larry.rahn@science.doe.gov

REFERENCES

1. FY 2006 BES Chemical Imaging Research Solicitation available at:
http://www.sc.doe.gov/grants/FAPN05-30.html

2. Visualizing Chemistry, The progress and Promise of Advanced Chemical Imaging, National
Academies Press (2006) available at: http://www.nap.edu/catalog.php?record _id=11663 or
at: http://www.science.doe.gov/bes/chm/Publications/Visualizing_Chem_NAS.pdf

12. TECHNOLOGY TO SUPPORT BES USER FACILITIES

The Office of Basic Energy Sciences (BES), within the DOE’s Office of Science, is responsible
for current and future user facilities including synchrotron radiation, free electron lasers, and the
Spallation Neutron Source (SNS). This topic seeks the development of technology to support
these user facilities.

Grant applications are sought in the following subtopics:

12a. Synchrotron Radiation Facilities

As synchrotron radiation has become a ubiquitous tool across a broad area of forefront science,
the DOE supports collaborative research centers for synchrotron radiation science. Research is
needed for advanced detectors and advanced radiation sources, including superconducting and
short-period undulators. With advances in the brightness of synchrotron radiation sources, a
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wide gap has developed between the ability of these sources to deliver high photon fluxes and
the ability of detectors to measure the resulting photon, electron, or ion signals. At the same time,
advances in microelectronics engineering should make it possible to increase data rates by orders
of magnitude, and to increase energy and spatial resolution. With the development of fourth-
generation x-ray sources with femtosecond pulse durations, there will be a need for detectors
with sub-picosecond time resolution. Therefore, grant applications are sought to develop new
detectors for synchrotron radiation science across a broad range of applications. Areas of interest
include: (1) area detectors for diffraction experiments; (2) area detectors for readout of electron
and ion signals; (3) detectors capable of ultra-high temporal resolution; (4) high resolution and/or
high frame rate imaging detectors; (5) detectors for high rate fluorescence spectroscopy; and (6)
detectors for high energy fluorescence spectroscopy. Often, detector concepts or protoypes
already exist in the community, and the primary hurdle is commercialization. Therefore,
proposed approaches that emphasize engineering for commercialization are also of interest.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner(@science.doe.gov

12b. Beam Diagnostic Instrumentation for Free Electron Lasers and 3rd Generation
Light Sources
Advanced electron-beam diagnostic instruments are needed to support the development of X-ray
Free Electron Lasers (FEL), as well as the operation and upgrade of 3rd generation light sources.
Grant applications are sought to develop monitors for beam position and electron bunch length.
The beam position monitor should have nanometer resolution and associated electronics for both
linac and storage ring applications. The electron beam bunch length monitor should perform
non-destructive measurements, be capable of single-bunch resolution better than 100 fs, and
possess a system design that is relevant for the bunch parameters of the future X-ray FEL and 3™
generation light sources.

Grant applications also are sought to develop diagnostic devices for the non-destructive
measurement of electron beam emittance and for the energy spread within electron bunches. For
FEL applications, measurements of electron bunch properties require resolution on the order of
10 um, so that the so-called “slice” properties can be determined with sufficient accuracy. Both
the beam emittance and the energy spread of the beam are critical parameters in FELs, and the
measurement techniques must allow for rapid and noninvasive tuning, as well as for the
implementation of feedback systems for systems optimization. Approaches of interest include
optical techniques that employ transition radiation or synchrotron radiation. The diagnostics
should be small (< 1 m length scale) and suitable for integration into an operational light source.
Grant applications also are sought to develop diagnostics for the measurement of charge
modulation within an electron bunch at optical wavelengths in the regime 50-1000 nm. Seeded
FELs utilize an inverse FEL scheme to first introduce an energy modulation into an electron
bunch; then a dispersive transport region converts the energy modulation into a charge density
modulation along the electron bunch. The charge density is modulated with the same period as
the laser, i.e., in the wavelength regime 50-1000 nm.

Grant applications also are sought to develop a diagnostic technique for the dynamic

measurement of the transverse position of the centroid of an electron bunch, as a function of
position along that bunch. The transverse wakefields in a linac may introduce the so-called
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“banana shape” beam as a result of the beam-breakup instability, in which deflecting wakefields
introduce a transverse spatial offset in the electron distribution along a bunch. Proposed
diagnostics must be able to measure this effect with spatial resolution on the order of 1 um, and
with temporal resolution (along the bunch) of 10-100 fs, in bunches of peak current 10-500 A.
Finally, grant applications are sought to develop high resolution multi-function diagnostics.
cavity beam position monitors (BPMs), which are well suited for LINAC applications as well as
for advanced storage rings and energy recovery linacs (ERLSs), represent one approach of
interest. Such cavity BPM diagnostics should (1) have measurement capabilities that include
sub-micron positioning, beam tilt, and charge; and (2) be physically small and low cost, in order
to enable commercialization.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov

12c. High Power Mercury Spallation Targets

Technology is needed to mitigate cavitation damage erosion (CDE) in short-pulse liquid-mercury
spallation targets. CDE has the potential to limit the power capacity and lifetime of targets.
Damage has been observed inside test target vessels irradiated with small numbers of intense
proton beam pulses; also, this damage has been studied at length in out-of-beam experiments that
mimic the driving mechanism of cavitation. The damage is caused by intense and abrupt
pressure waves that are induced by the near-instantaneous heating of the mercury by the proton
beam. Although certain surface hardening processes have shown promise in resisting damage,
their potential to greatly enhance power capacity is believed to be limited. Therefore, grant
applications are sought to develop:

Small gas bubbles to reduce beam-induced pressure. A population of small gas bubbles
introduced in the mercury could absorb and attenuate the beam-induced pressure sufficiently to
halt the driving mechanism for cavitation. The desired bubble size is approximately 10 pm in
diameter and the required void fraction approaches 1%. Grant applications are sought to
develop: (1) techniques for generating this population of bubbles in mercury; and (2) credible
diagnostics to quantify the generated population.

Protective gas layers. Mercury, with its highly non-wetting characteristic and high surface
tension is well suited to the formation and stabilization of large gas pockets. Therefore, one
promising option for damage mitigation involves the creation of an interstitial gas layer between
the liquid metal and the containment vessel wall.

Innovative gas/liquid flow concepts for utilizing gas layers to protect pressure-vessel surfaces
from damage due to the cavitation of flowing mercury. Approaches of interest include: (1) the
use of radiation-hard solid materials, such as metallic porous media or screens, as separate
structures that are not part of the pressure boundary; (2) extensive surface modifications, such as
grooves or cross-hatching to increase surface area; or (3) other geometries designed to trap gas
permanently at the desired location. Because the most vulnerable pressure boundary surfaces in
the SNS target are vertical, proposed solutions must address the problem of blanketing
(protecting) vertical surfaces, where the hydrostatic gradient tends to force the gas to rise.
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Alternative and innovative concepts for damage mitigation, aside from small gas bubbles or
protective gas walls. Grant applications must demonstrate an awareness of spallation target
design and environmental requirements, with respect to high radiation and mercury
compatibility.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov

12d. Instrumentation for Ultrafast X-ray Science

The Department of Energy seeks to advance ultrafast science dealing with physical phenomena
that occur in the range of one-trillionth of a second (one picosecond) to less than one-
quadrillionth of a second (one femtosecond). The physical phenomena motivating this subtopic
include the direct observation of the formation and breaking of chemical bonds, and structural
rearrangements in both isolated molecules and the condensed phase. These phenomena are
typically probed using extremely short pulses of laser light. Ultrafast technology also would be
applicable in other fields, including atomic and molecular physics, chemistry and chemical
biology, coherent control of chemical reactions, materials sciences, magnetic- and electric field
phenomena, optics, and laser engineering.

Grant applications are sought to develop and improve laser-driven, table-top x-ray sources and
critical component technologies suitable for ultrafast characterization of transient structures of
energized molecules undergoing dissociation, isomerization, or intramolecular energy
redistribution. The x-ray sources may be based on, for example, high-harmonic generation to
create bursts of x-rays on subfemtosecond time scales, laser-driven Thomson scattering and
betatron emission, and laser-driven K-shell emission. Approaches of interest include: (1) high-
average-power ultrafast sources that achieve the state-of-the-art in short-pulse duration, phase
stabilization and coherence, and high duty cycle; (2) driving lasers that operate at wavelengths
longer than typical in current CPA titanium sapphire laser systems; and (3) characterization and
control technologies capable of measuring and controlling the intensity, temporal, spectral, and
phase characteristics of these ultrashort x-ray pulses.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov

12e.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov
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13. RADIO FREQUENCY (RF) DEVICES AND COMPONENTS FOR
ACCELERATOR FACILITIES

The Office of Basic Energy Sciences, within the DOE’s Office of Science, is responsible for
current and future synchrotron radiation light sources, free electron lasers, and spallation neutron
source user facilities. This topic seeks the development of radio frequency devices and
components to support these user facilities.

Grant applications are sought in the following subtopics:
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13a. Klystrons and Inductive Output Tubes (10Ts)

Grant applications are sought to develop higher order mode (HOM) inductive output tube (I0T)
continuous wave (CW) amplifiers at 200 kW CW (in the case where each cavity has its own
amplifier). Such a device could provide lower operating voltage, smaller size, and lower
operating cost than current klystrons, with approximately 15-20% higher efficiency. An IOT
that could operate at ~70% efficiency (a level now approached by television IOTs depressed
collectors) significant energy cost savings. An IOTs that is tunable over a reasonable range also
would be desirable.

Grant applications also are sought to develop a pulsed inductive output tube (I0T) amplifier at
402.5 MHz, 140 kW, and 10% duty factor for a low-energy bunching application for high power

H-/proton beams.

Finally, grant applications are sought to develop a 2.815GHz CW klystron (~100kW), preferably
with two output windows, that would be suitable for a superconducting RF cavity.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner(@science.doe.gov

13b. Higher Order Mode Damper Integrated into Beam Pipes

Grant applications are sought for the integration of ferrites into beam pipes adjacent to RF
cavities, in order to damp parasitic higher order modes. Although such a technique has been
developed at accelerator laboratories, it never has been industrialized.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov

13c. RF Cavity Input Couplers

Grant applications are sought to develop (1) a variable input coupler for both normal-conducting
and superconducting RF cavities — approaches must demonstrate a significant increase in
mechanical complexity compared with fixed coupler designs and provide for adjustments of the
input coupler beta in situ, in order to optimize the RF system efficiency; (2) a high power
fundamental power coupler for energy recovery linac (ERL) injector cavities with the following
specifications: 1408 MHz operating frequency, average RF power up to 200 kW in traveling
waver (TW) mode, nominal external Q of 5 x 10*, and factor-of-10 variable coupling with
minimum transverse kick to the beam; (3) an adjustable 20-way 40 kW CW power combiner
operating at 352 MHz; and (4) a coaxial H-loop normal-conducting RF cavity input coupler for
352 MHz, which is capable of operation at 500kW forward power under infinite VSWR
conditions and is compatible with a half-height WR2300 waveguide transition.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov

13d. RF Power Devices and Accessories

Grant applications are sought to develop (1) higher power Insulated Gate Bipolar Transistors
(I0Ts) with more than 6000Volts and more than 2000Amps, which are required for the
development of high power modulators and power supplies; (2) a very high power (100-400 kW)
350-500 MHz solid state power amplifier to replace klystron amplifiers in synchrotron light
sources; (3) a compact, water-cooled broadband 50-ohm RF load that can operate at 200kW CW
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input power and is resistant to the corrosive effects of the high-purity, de-ionized water that is
used as a coolant; (4) new dielectric materials for vacuum-barrier RF windows for high-power
applications, in order to significantly improve the power handling capability and mechanical
strength (compared to existing materials), and demonstrate a low secondary electron emission
coefficient; (5) a compact, high-power stripline-input broadband R termination, which is capable
of 1kW CW input power and could be used for board-mounted components such as circulators
and splitters/combiners; and (6) 4-way resonant cavity RF combiners of IOT power sources (the
output of several [OTs must be combined to overcome their low power capability) to drive

accelerating structures for high energy and high intensity accelerators that require several
hundreds of kW.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov

13e. Modulators for High Level Radio Frequency (RF) Accelerator Systems

Grant applications are sought to develop a high-level amplitude and phase modulator (in either
waveguide or coaxial topology) that can demonstrate modulation ability out to 20 kHz.
Significant cost savings could be achieved if one klystron were used to drive multiple
accelerating cavities, while retaining phase and amplitude control at the individual cavity level.
Grant applications also are sought to develop (1) a 1KHz. 300 kV, 300A solid-state modulator
for production of picosecond X-ray pulses using RF deflecting cavities; (2) a robust, high-
average-power (200kW) 1 kHz modulator system that operates at approximately 300 kV and 300
A, with an ultimate rep rate at 1kHz or higher; (3) a robust, high-average-power (1.4 MW or
greater) 60 Hz pulse modulator system that operates with a duty factor of 10 percent at various
voltage and current ratings (for example, 140 kV at 90 A, 85 kV at 165 A); and (4) a solid state
modulator for 40kV, 300A, 1 micosecond pulses at 60 Hz.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov

13f.  Devices for the Manipulation of Electron Beams

Grant applications also are sought to develop devices for the manipulation of electron beams in
storage rings and linear accelerators. Such devices are used to facilitate deflection of the beam
onto a predicted trajectory or to generate a time-space correlation in the beam. Devices of
interest include:

(1) Electromagnetic RF cavities operating in a dipole mode, which could introduce a transverse
kick to an electron bunch as a whole or provide a “head-tail” displacement within the bunch.
Such cavities would need to provide deflecting kick voltages up 10 MV, with phase error < 0.01°
and amplitude error < 10™*, with parasitic modes damped to Q-values < 1000 and with minimal
short-range wake fields.

(2) Pulsed power supplies that can be used with stripline kickers to provide deflecting fields.

Such power supplies should have a repetition rate up to 100 kHz, a voltage pulse 10-15kV, a 10
ns pulse duration, and pulse-to-pulse stability better than 10~
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Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov

13g. Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov
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2. ICFA Beam Dynamics Mini-Workshop on Deflecting/Crabbing Cavity Applications in
Accelerators http://www.cockcroft.ac.uk/events/cavity/programme.htm

3. ICFA Beam Dynamics Mini-Workshop on Deflecting/Crabbing Cavity Applications in
Accelerators, http://www.sinap.ac.cn/ICFA2008/Programs.htm

14, ADVANCED SOURCES FOR ACCELERATOR FACILITIES

The Office of Basic Energy Sciences, within the DOE’s Office of Science, is responsible for
current and future synchrotron radiation light sources, free electron laser, and spallation neutron
source user facilities. This topic seeks the development of technology to support the particle and
radiation sources needed for these user facilities.

Grant applications are sought in the following subtopics:

14a. Electron Gun Technology
Grant applications are sought to develop novel electron gun features including:

(1) Robust cathode materials suitable for production of low emittance electron bunches at a high
repetition rate, using laser excitation. The intrinsic normalized emittance of the electron beam
must be of order 107 m-rad, in bunches of order 100 pC charge, duration of approximately 10 ps,
and with quantum efficiency of 107 or greater. Materials should be robust to environmental
conditions, have small dark current under applied electric fields of order 10-100 MVm'™, and
have long lifetime.

(2) Accelerating structures supporting electric fields of 10-100 MVm™ at a cathode surface,
allowing laser excitation of the cathode material and rapid acceleration of the emitted electrons,
with minimal emittance growth and an electron bunch repetition rate of 1 MHz or greater.
Combined with suitable cathode materials and a photocathode laser, the system should be
capable of producing low emittance (less than 1 mm-mrad normalized) electron bunches at a
minimum 1 MHz repetition rate, with up to 1 nC charge per bunch.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov

14b. High Brightness Sources of Negative Hydrogen lons

Grant applications are sought to develop high-current, high brightness sources of negative
hydrogen ions. The goal is the production of ~70 mA of H- with a normalized emittance of 0.2 &
mmmrad, or about 100 mA with a normalized emittance of 0.35 1 mmmrad. These currents and
emittances have to be achieved for 1.2 ms long pulses at 60 Hz. The current should remain
constant within ~5%. The lifetime, as well as the mean-time-between-failure, should exceed
several months. Of special interest are highly efficient ionization technologies that can produce
such beams with moderate power levels (< 40 kW peak power) and use a minimum of cesium
(<<Img/day).
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Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov

14c.  Undulator Radiation Sources
Advanced undulator radiation sources are required for current and future light sources. Grant
applications are sought for the development of:

1. Superconducting undulators (SCUs) that can generate tunable, monochromatic x-ray beams in
the 2-30 keV photon energy range of medium-energy (2-3 GeV) synchrotrons. These
requirements demand that the undulators have a short period (around 1.5 cm) and high peak
magnetic fields (around 1.6 tesla). The permanent-magnets commonly used in undulators do not
produce sufficiently high magnetic fields to fully cover the desired photon energy range without
gaps in the spectrum. Development efforts are underway at several national laboratories and in
industry to develop SCUs that promise to overcome these deficiencies. However, current
designs suffer from an inability to operate without quenching in the presence of the heat induced
by the stored electron beam current and by synchrotron radiation encountered in modern
synchrotron light sources. This heat load can be up to 10 watts per meter of undulator length.
Novel ideas for SCU design, construction, and thermal management are needed to meet these
challenging requirements.

2. Superconducting undulators with time varying fields. This technology is in its infancy and
could offer interesting possibilities for insertion-device radiation sources

3. Cryogenically-Cooled Permanent Magnet Undulators (CPMUs). When permanent magnet
materials are cooled to low temperatures, they exhibit a large coercivity (5-10%) for
conventional materials, such as NdFeB or CoSm, and up to 20% for more exotic materials. To
make use of this effect, undulators must be cooled to cryogenic temperatures, and, in the cooled
down stage, magnetic measurements and adjustments of the permanent magnet must be
performed. This requires a complex design.

4. High coercivity permanent magnet materials for CPMUs. To take full advantage of CPMUs,
sintering and manufacturing procedures need to be developed for permanent magnet material like
PrFeB, which exhibits large increases in coercivity at cryogenic temperatures.

5. New superconducting materials for undulator applications. Three types of materials promise a
considerable enhancement of undulator performance:

High temperature superconducting materials such as YBCO, which operate at about 90K, would
allow current densities up 100kA/mm?. The challenge here is to optimize the conductor design
to maximize the current density and the transport current, leading to the development of coil
manufacturing techniques based on such materials (as the next step).

Thin film high temperature superconducting materials such as MgB,, which are operated at
~39K, may become a good material for undulator magnets, depending upon the choice of
substrate material, which will determine the mechanical properties of the superconductor. The
challenge here is the production of thin films and the choice of optimum substrate materials.
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APC (artificially enhanced pinning center) NbTi superconductor, which would allow super-high
current densities that exceed the Jc of conventional NbTi superconductor by a large factor (14
kA/mm” at 2 T). In particular, the high current density might offer an advantage for the design
of magnet coils for undulator magnets.

6. Undulators with period < 1 cm. The resonant condition requires undulator radiation at short
wavelength (approximately 1 nm), with low energy electron beams (of 1-2 GeV), and with a
shorter period than generally available from existing synchrotron radiation sources. The
undulators should be designed with K-value ~1, impedance shielding of pole faces, and a gap
that is greater than 2.25 mm.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov

14d. Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov
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2. Bernhard, A., et al., “Planar and Planar Helical Superconductive Undulators for Storage
Rings: State of the Art,” Proceedings of EPAC 2004, Lucerne, Switzerland, July 2004. (Full
text available at: http://accelconf.web.cern.ch/AccelConf/e04/PAPERS/MOPKF025.PDF)

3. T. Hara et al., “Cryogenic Permanent Magnet Undulators,” Physical Review Special Topics:
Accelerators and Beams, 7(5), May 2004. (ISSN: 1098-4402

15, ANCILLARY TECHNOLOGIES FOR ACCELERATOR FACILITIES

The Office of Basic Energy Sciences, within the DOE’s Office of Science, is responsible for
current and future synchrotron radiation light sources, free electron laser, and spallation neutron
source user facilities. This topic seeks the development of computational, control, and
superconducting technologies to support these user facilities.

Grant applications are sought in the following subtopics:

15a. Accelerator Modeling and Control

Grant applications are sought to develop new or improved computational tools for the design,
study, or operation of charged particle beams. Of particular interest is the development of a
front-end design for user-friendly interfaces. The modeling challenges addressed must be
relevant to present and future BES accelerator facilities. These challenges include, but are not
limited to, beam halo generation and control; generation and synchronization of sub-ps x-ray
pulses; wakefield computation; multiple and single bunch collective instabilities; electron cloud
generation and effects, especially in high intensity proton rings; and high-intensity operation
(beam losses, thermal effects, etc.).

Grant applications also are sought to investigate and develop enhancements to the suite of tools
in the Experimental Physics and Industrial Control System (EPICS), in order to better support
existing facilities and meet the requirements of future machines. Areas of interest include, but
are not limited to, high-availability alternative-communication protocols; enhanced functionality
within the Input-Output Controller; highly integrated development environments; and ensuring
scalability to very large installations (such as the International Linear Collider). Grant
applications should address how the results will guide long-term EPICS development.

As the time scale of interest in modern accelerators is reduced, the required computational
resources are becoming prohibitive for currently-available low-order electromagnetic codes; for
example, the estimated memory requirement for modeling a typical accelerator structure
interacting with a 1-ps bunch is 1 TB. Such an extreme computation is intractable for most
accelerator laboratories. Therefore, in order to break the computational bottleneck, grant
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applications are sought to develop computational electromagnetic codes with high-order
accuracy.

Finally, grant applications are sought to develop large-scale timing and synchronization systems
for next generation light sources, with timing stability requirements extending from ~100
femtosecons to 1 femtosecond or less. For example, these requirements include the need to
enable the synchronization of multiple radio frequency components and laser systems, over
distances of the scale of kilometers, in advanced accelerators and free electron lasers. This
precision in timing must be maintained over periods of time on the order of 24 hours.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner(@science.doe.gov

15b.  Superconducting Technology for Accelerators
Superconducting HOM-damped (higher-order-mode-damped) RF systems are needed for present
and future storage ring and linac applications. Grant applications are sought to develop:

1. A high gradient (15-50 MVm'™") 750 MHz superconducting cavity for linac-driven synchrotron
radiation sources. The cavity should operate in CW mode with high efficiency of wall-plug-to-
beam power conversion. Systems should be capable of supporting a beam current up to 500 mA,
with parasitic mode Q-values below 1000, and minimal short-range wakefields.

2. A 1500 MHz passive superconducting Landau cavity for storage-ring bunch lengthening.

3. A superconducting RF power coupler capable of handling 500 kW CW RF power.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov

15c.  Cooling of Superconducting Systems

A fundamental conceptual issue has arisen concerning the cooling of superconducting linacs
during high-power pulsed operation. At fast pulse (1 ms), high-average forward-power levels (~
75 kW) and excessive thermal radiation loads from the fundamental couplers result in high
couple surface temperatures, which reduce cavity stability and operating accelerating gradients.
Therefore, grant applications are sought to develop innovative cooling concepts for fundamental
power couplers, which do not impact the performance of the associated superconducting cavities.
In addition, with the successful implementation of superconducting radiofrequency accelerating
structures at facilities in all regions of the world, additional emphasis is being placed on reducing
superconducting radiofrequency (SRF) cryomodule costs and improving manufacturing quality.
Therefore, grant applications are sought for innovative concepts and design approaches to the
manufacture of cryomodule assemblies containing multiple-processed SRF cavities. Approaches
of interest include new cavity cooling and support systems, reliable cavity tuners and tuner
components, and less expensive fundamental couple assemblies.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov

92



Return to Top of Document

15d. Advanced Laser Systems for Accelerator Applications

Advanced laser systems are needed for photoinjectors, for Free Electron Laser Seeding, for
current-enhanced self-amplified spontaneous emission (ESASE), for laser-ion stripping of
hydrogen beams, and for laser wire beam profile measurements in proton particle accelerators.
Grant applications are sought for the development of:

1. High power laser oscillator systems for high repetition rate (1-100 MHz) electron guns that
can deliver pulses of 10-100 pJ energy in the 1 um wavelength range, with pulses capable of
being expanded to10-50 ps duration.

2. Laser pulse shaping systems that can modify the laser pulse in 3D, in order to minimize
emittance growth due to space charge effect in a photoinjector. Approaches of interest include
pulse stacking, laser phase modulation, and others. In general, the pulse should have a
homogeneous intensity distribution (10% modulation) confined in a sharp boundary in three
dimensions, with either a cylindrical or ellipsoidal geometry.

3. A mid-IR, carrier envelope phase (CEP) stabilized laser with tens of mJs of energy and a few
carrier cycles within a Full-Width at Half-Max (FWHM) of 10-50 fs.

4. A mid-IR (2.0 micron) laser for E-SASE, with a pulse under 100 fs, possibly CEP-stabilized in
the energy range of a few mlJ.

5. Tunable lasers to be used as seeds for free electron lasers (FELs). The central wavelength
should be within the wavelength range, 10-50 nm, and the laser should be continuously tunable
within a band that is at least 20% of that wavelength range. Pulse duration should be adjustable
and on order of 100 fs. Peak power within the pulse should be on order of 100 kW. Optical
pulses should be reproducible on a shot-to-shot basis, with good temporal coherence within the
pulse, good beam quality (M°<1.3), and a repetition rate of 100 kHz or greater.

6. Lasers for laser-ion stripping of hydrogen beams. The lasers should have high repetition rate
(~400 MHz), high peak power (~1MW), and picosecond 355 nm pulses to match the in-beam
structure of the linac for Spallation Neutron Source (micropulses that are 50 ps long, separated
by 2.5 ns, gated into minipulses of 650 ns that repeat at 1.058 MHz, and are bunched into 1 ms
macropulses).

7. A laser power-recycling cavity at 355 nm to reduce average laser power requirements for ion
stripping. Important design criteria include compactness, a length to match bunch repetition rate,
stabilization to a small fraction of a wavelength, protection of mirrors from electron and gamma
radiation, and an in-vacuum configuration.

8. Lasers for laser-wire-beam profile measurements with the following specifications:
e pulse energy of 100 mJ at 1064 nm;

e repetition rates of 30 or 60 Hz with external trigger;
e compact laser head with dimensions of approximately 6°x3”x3”;
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e no requirement for chilled water;
e apower supply remotely controllable through Ethernet cables; and
e radiation resistance for doses greater than 10° rads.

Based on previous experiments, the key components of a radiation-resistant laser system are the
YAG crystal, the fold prism, a cube polarized in the laser head, and IC chips in the laser

controller unit.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov

15e.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Eliane Lessner, 301-903-9365, Eliane.Lessner@science.doe.gov
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16. INSTRUMENTATION FOR ELECTRON MICROSCOPY AND SCANNING
PROBE MICROSCOPY

The Department of Energy supports research and facilities in electron and scanning probe
microscopy for the characterization of materials. Innovative instrumentation developments offer
the promise of radically improving these capabilities, thereby stimulating new innovations in
materials science. Grant applications must address improvement in electron beam or scanning
probe instrumentation capabilities beyond the present state-of-the-art.

Grant applications are sought in the following subtopics:

16a. Electron Microscopy and Microcharacterization

Electron microscopy and microcharacterization capabilities are important in the materials and
biological sciences and are used in numerous research projects funded by the Department. Major
advances are being sought for capability to characterize and understand materials, especially
nanoscale particles, in their natural environment at high resolutions typical of electron
microscopy and with good temporal resolution. To support this research, grant applications are
sought to develop stages and holders that provide a suitable environment and also incorporate
means to measure material behavior at the same time; electron sources and detectors that will
provide more signal and better temporal resolution; and systems that automate simultaneous data
collection, analysis, quantification, and feedback:

Stages and holders that provide new capabilities for in situ transmission electron microscopy
experiments in liquid and/or gaseous environments. Approaches of interest should provide a
capability to reach 80 Torr or higher during operation, and apply or measure at least two separate
signals, such as current and voltage, at the same time. Proposed solutions must also be
compatible with analytical energy dispersive spectroscopy.

New electron sources that can operate from pulsed modes to femtosecond frequencies. Of
particular interest are laser-assisted field emission guns for application to pulsed mode operation
in Transmission Electron Microscopy (TEM) mode.

Ultra-high efficiency spectrometers for analytical energy dispersive spectroscopy and/or electron
energy loss spectroscopy. Approaches of interest should include efficient detector materials and
improved geometry for maximum signal collection. Proposed solutions should also provide at
least one additional integrated electron detector to allow parallel image and spectroscopic data
acquisition without reorienting a sample. Proposed detectors must be robust and not susceptible
to electron beam damage.
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Systems for automated data collection, processing, and quantification. Approaches of interest
should include (1) hardware and platform-independent software for data collection and
visualization, (2) automated measurement and mapping of crystallography, internal magnetic or
electric field, or strain, and (3) multi-spectral analysis. Software and quantification routines for
image reconstruction and for interpretation of interference patterns/holography are encouraged.

Contact: Jane Zhu, 301-903-3811, Jane.Zhu@science.doe.gov

16b. Scanning Probe Microscopy (SPM)

The enabling feature of nanoscience, as recognized in workshop reports sponsored by National
Nanotechnology Initiative and by the Department of Energy, is the capability to image,
manipulate, and control matter and energy on nanometer, molecular, and ultimately atomic
scales. Scanning probe microscopy is vital to the advancement of nanoscience and
nanotechnology, and is used in numerous materials research projects and facilities funded by the
Department. Grant applications are sought to develop:

New generations of functional SPM probes, sample holders/cells (including electrochemical and
photoelectrochemical cells), and controller/software support for ultrafast, environmental and
functional detection. Areas of interest include: (1) insulated and shielded probes for high-
resolution electrical imaging in conductive solutions; (2) probes integrated with electro-optical
switches for ultrafast imaging; (3) heated probes combined with dynamic thermal measurements
including thermomehcnical, temperature, and integrated with Raman and mass-spectrometry
systems, and (4) probes integrated with electrical, thermal, and magnetic field sensors for
probing dynamic electrical and magnetic phenomena in the 10 MHz - 100 GHz regime. Probes
and probe/holder assemblies should be compatible with existing commercial hardware platforms,
or bundled with adaptation kits. Complementary to this effort is the development of reliable
hardware, software, and calibration methods for the vertical, lateral, and longitudinal spring
constants of the levers, sensitivities, and frequency-dependent transfer functions of the probes.
A new generation of optical and other cantilever detectors for beam-deflection-based force
microscopies. Areas of interest include: (1) low-noise laser sources and detectors approaching
the thermomechanical noise limit, (2) high bandwidth optical detectors operating in the 10-100
MHz regime, and (3) small-spot (sub-3 micron) laser sources for video-rate Atomic Force
Microscopy (AFM) measurements. Piezoresistive and tuning-fork force detectors compatible
with existing low-temperature high-magnetic field environments are also of interest.

Systems for next-generation controllers and stand-alone modules for data acquisition and
analysis. Areas of interest include: (1) multiple-frequency and fast detection schemes for
mapping energy dissipation, as well as mechanical and other functional properties; (2) active
control of tip trajectory, grid, and spectral acquisition; and (3) interactive SPMs incorporating
decision making process on the single-pixel level. Proposed systems should include provisions
for rapid data collection (beyond the ~1kHz bandwidth of feedback/image acquisition of a
standard SPM), processing, and quantification; and hardware and platform-independent software
for data collection and visualization, including multispectral and multidimensional image
analysis (i.e., for force volume imaging or other spectroscopic imaging techniques generating 3D
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or 4D data arrays). For rapid data acquisition systems, software and data processing algorithms
for data interpretation are strongly encouraged.

Environmental SPM systems operating in the 10™® Torr - 1 atm pressure range, supporting
existing topographic, electrical, magnetic, mechanical, piezoelectric, and other imaging modes,
for energy research. Particularly of interest are (a) variable pressure environmental cells that can
be adapted to existing instrumental platforms, and (b) environmental cells compatible with
aperture and apertureless optical and microwave imaging, as well as imaging modalities
providing local chemical information.

Contact: Jane Zhu, 301-903-3811, Jane.Zhu@science.doe.gov

16¢c. Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Jane Zhu, 301-903-3811, Jane.Zhu@science.doe.gov
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17. INSTRUMENTATION FOR MATERIALS RESEARCH USING ULTRA-
BRIGHT OR ULTRA-FAST X-RAY SOURCES

The Department of Energy supports X-ray scattering and spectroscopy facilities at synchrotron
radiation and free electron laser (FEL) sources where users conduct state-of-the-art materials
research. Their experiments are enabled by the convergence of a range of instrumentation
technologies. This topic seeks to develop advanced instrumentation that will enhance materials
research employing ultra-bright or ultra-fast x-ray sources. Grant applications should define the
instrumentation need and outline the research that will enable innovation beyond the current state
of the art. Applicants are strongly encouraged to demonstrate applicability and proper context
through collaboration with a successful materials science researcher who utilizes ultra-bright or
ultra-fast x-ray sources in their research program. To this end, the STTR program would be an
appropriate vehicle for proposal submission. Alternatively, applicants are encouraged to
demonstrate applicability by providing a letter of evaluation and support from a successful user.
Priority will be given to those grant applications that include such collaborations or letters of
support.

A successful user is defined as someone at a research institution who has recently performed
synchrotron or FEL experiments and published results in peer reviewed archival journals. Such
researchers are the early adopters of new instrumentation and are often involved in
conceptualizing, fabricating, and testing new devices. A starting point for developing
collaborations would be to examine the annual activity reports from synchrotron radiation or
FEL facilities with links at: http://www.lightsources.org/cms/?pid=1000444

In all cases, the proposed instrumentation development must be motivated by at least one
specific example of how a state of the art materials research project will be enabled. The
proposal should delineate why a type of materials research is not currently possible and how the
successful creation of the new instrumentation will enable access to new types or quanties of
experimental data.
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Grant applications are sought in the following subtopics.

17a. X-ray Sources and Optics

X-ray scattering and spectroscopy experiments are often limited by the beam quality delivered to
the research sample. Beam quality requirements depend on specific experiments but usually
involve improvements in delivered x-ray flux, brightness, coherence, or focus size. Grant
applications are sought to develop advanced instrumentation for creating, focusing, diffracting,
or defining the X-ray beam that eventually illuminates the research sample. Areas of interest
include source development of university lab scale or “table top” x-ray generators of ultra-fast
(fs) pulses and advancements in beam manipulation devices such as mirrors, monochromator
crystals, and focusing optics, in such a manner that improves the beam quality available for
materials research. Grant applications should demonstrate an understanding of existing source
capabilities in terms of beam quality delivered to a materials sample under investigation, and
improve on some aspect that enhances the state of the art. Grant applications must demonstrate
that proposed components and instruments will be able to handle the heating loads from intense
x-ray beams, and meet the necessary stability requirements with respect to motion control and
vibration isolation.

Contact: Lane Wilson, 301-903-5877, lane.wilson@science.doe.gov

17b. Control of Sample Environment

Experiments involving x-rays as a probe have the advantage of being able to penetrate a sample
environment and retrieve information from samples that are maintained in realistic
environmental conditions. However, the interaction of the x-rays with the environmental
container and sample manipulation devices must be controlled to minimize absorption and
background scattering. The position of the input and exit beam relative to each other and to the
orientation of the sample often also must be carefully controlled. Grant applications are sought
to develop technology for sample manipulation, in order to provide for the in situ control of
environmental parameters. These parameters may include extreme temperatures and pressures,
and chemical exposure. Sample manipulation systems of interest could include innovations in
containers, motion stages, and windows, all compatible with the necessary data collection
techniques of an envisioned materials research experiment.

Contact: Lane Wilson, 301-903-5877, lane.wilson@science.doe.gov

17c.  Detectors

Scattering and spectroscopic data collection involves x-ray detectors that have advanced spatial,
energy, and/or time resolution capabilities. The ability to complete a materials research
experiment in a reasonable amount of time is often limited as much by the x-ray detection
capability as by the quality of the x-ray source. Rapid coverage of the experimental phase space
is desired, and multi-element detectors and detector arrays are often employed towards this end.
As a result of improvements in x-ray fluxes, detectors often must be able to handle high count
rates and large dynamic ranges. Grant applications are sought to advance the state of the art for
x-ray detectors. Improvement in the quality and affordability of such detectors is an example of
an appropriate area for proposed research. Because detector needs are defined by the needs of a
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materials experiment, grant applications must detail what new specific materials experiments
will be enabled by the proposed improvement, if successfully realized.

Contact: Lane Wilson, 301-903-5877, lane.wilson@science.doe.gov

17d.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Lane Wilson, 301-903-5877, lane.wilson@science.doe.gov
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18. INSTRUMENTATION AND TOOLS FOR MATERIALS RESEARCH USING
NEUTRON SCATTERING

As a unique and increasingly utilized research tool, neutron scattering makes invaluable
contributions to the physical, chemical, and biological sciences. The Department of Energy
supports neutron scattering and spectroscopy facilities at neutron sources where users conduct
state-of-the-art materials research. Their experiments are enabled by the convergence of a range
of instrumentation technologies. The Department of Energy is committed to enhancing the
operation and instrumentation of its present and future neutron science facilities (References 1-3)
so that their full potential is realized.

This topic seeks to develop advanced instrumentation that will enhance materials research
employing neutron scattering. Grant applications should define the instrumentation need and
outline the research that will enable innovation beyond the current state-of-the-art. Applicants
are strongly encouraged to demonstrate applicability and proper context through collaboration
with a successful user of neutron sources. To this end, the STTR program would be an
appropriate vehicle for proposal submission. Alternatively, applicants are encouraged to
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demonstrate applicability by providing a letter of support from a successful user. Priority will be
given to those grant applications that include such collaborations or letters of support.

A successful user is defined as someone at a research institution who has recently performed
neutron scattering experiments and published results in peer reviewed archival journals. Such
researchers are the early adopters of new instrumentation and are often involved in
conceptualizing, fabricating, and testing new devices. A starting point for developing
collaborations would be to examine the annual activity reports from neutron scattering facilities
with links at: http://www.ncnr.nist.gov/nsources.html and http://www.ncnr.nist.gov/.

Grant applications are sought in the following subtopics.

18a. Advanced Detectors

Develop advanced detectors with high efficiency and high resolution position sensitive neutron
detectors for neutron diffraction and imaging. With the severe shortage of 3He innovative
alternative detector technologies with similar or better performance are required for the current
and future neutron scattering facilities.

Contact: Thiyaga P. Thiyagarajan, 301-903-9706, P.Thiyagarajan@science.doe.gov

18b. Advanced Optical Components

Develop novel or improved optical components for use in neutron scattering instruments
(References 4-6). Such components include, neutron choppers, neutron guides, neutron lenses
and focusing mirrors, neutron monochromators, neutron polarization devices including *He
polarizing filters, radio-frequency flippers, superconducting coils, and Meissner shields. Grant
applications also are sought for novel uses of such components in neutron scattering instruments.

Contact: Thiyaga P. Thiyagarajan, 301-903-9706, P.Thiyagarajan@science.doe.gov

18c. Advanced Sample Environment

Develop instrumentation and techniques for advanced sample environment (Reference 7, 8) for
neutron scattering studies, with an emphasis on controlled chemical and gaseous environment.
These environment should simulate conditions relevant to energy-related materials and should
provide a novel means of achieving extreme sample conditions of temperature, pressure, electric
and magnetic fields (or combinations thereof).

Contact: Thiyaga P. Thiyagarajan, 301-903-9706, P.Thiyagarajan@science.doe.gov

18d. Software Infrastructure

Development of user friendly software tools that enhance the utilization of the data produced by
neutron and x-ray scattering and imaging instruments (References 2,3), thereby supporting the
next generation of discovery science via data intensive, multi-technique experiments at multiple
facilities. In particular, software is needed for the co-location of these data and to enable robust
access by the experimental team, so that team members would have a user-friendly means of
working with the data. Also of interest is advanced software tools for reduction, analysis, and
simultaneous modeling of x-ray and neutron scattering data. The existing DOE ESnet
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infrastructure (http://www.es.net/) can be leveraged to support data movement, caching, and
mirroring between DOE user facilities, thereby enabling collaborative scientific research among
facility users, as well as novel combinations of experimental techniques.

Contact: Thiyaga P. Thiyagarajan, 301-903-9706, P.Thiyagarajan@science.doe.gov

18e. Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Thiyaga P. Thiyagarajan, 301-903-9706, P.Thiyagarajan@science.doe.gov
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19. NOVEL MEMBRANE AND ELECTROLYTE DEVELOPMENT FOR REDOX
FLOW BATTERIES

The projected doubling of world energy consumption within the next 50 years, along with
environmental concerns about using fossil fuels and the resource constrains, have spurred great
interest in generating electrical energy from renewable sources such as wind and solar. The
variable and stochastic nature of renewable sources however makes solar and wind power
difficult to manage, especially at high levels of penetration. To effectively use the intermittent
renewable energy and enable its delivery demand electrical energy storage (EES). For example,
storage operating near an intermittent, renewable wind energy source can smooth out wind
variability, lessen the slope on ramp rates, and, if of sufficient scale, can store off peak wind
energy. EES is also an effective tool to improve the reliability, stability, and efficiency of the
future electrical grid, i.e. smart grid that enables real-time, two-way communication to balance
demand and supports plug-in electrical vehicles. Electrical energy storage can shave the peaks
from a user or utility load profile, increase asset utilization by improving duty factor and
delaying utility upgrades, decrease fossil fuel use for ancillary services, provide high levels of
power quality, while increasing grid stability. Distributed energy storage near load centers can
reduce congestion on both the distribution and transmission systems.

Among the most promising electrical storage technologies are redox flow batteries (RFBs),
which stores electrical energy in two soluble redox couples contained in external electrolyte
tanks sized in accordance with application requirements. Liquid electrolytes are pumped from
storage tanks to flow-through electrodes, where chemical energy is converted to electrical energy
(discharge) or vice versa (charge). Between the anode and cathode compartments is a membrane
that selectively allows cross-transport of non-active species (e.g., H', Na', etc.) to maintain
electrical neutrality and electrolyte balance. Unlike traditional batteries that store energy in
electrodes, RFBs are more like regenerative fuel cells in which the chemical energy in the
incoming fuels is converted into electricity at the electrodes. As such the power and energy
capacity of a RFB system can be designed separately. The power (kW) of the system is
determined by the size of the electrodes and the number of cells in a stack, whereas the energy
storage capacity (kWh) is determined by the concentration and volume of the electrolyte. Both
energy and power can be easily adjusted for storage from a few hours to days or even weeks,
depending on the application, which is another important advantage for the renewable
integration. Simplicity in cell and stack structure allows for building large systems based on
module design, which is another important advantage for electrical grid applications. Also, the
liquid electrolyte and intimate interfaces with electrodes make quick response (in a matter of
sub-seconds) possible for utility applications.

Varied RFBs have been developed, including iron/chromium flow batteries, all vanadium redox
flow batteries (VRFBs or VRBs), zinc/bromine flow batteries, polysulphide/ bromine flow
batteries (PSBs), etc. With all the stated advantages and the successful demonstration of systems
up to MWh levels, all RFB technologies have, however, not seen broad market penetration. This
is due to, in part, a high life cycle cost (¢/kWh/cycle) that depends on materials/components and
performance parameters including reliability, cycle/calendar life, energy efficiency, system
energy capacity, etc. Two costly components are membranes and electrolytes that also affect
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efficiency, energy density and other performance parameters. With this in mind, research efforts
related to novel membranes and electrolytes for RFB are sought.

Grant applications are sought in the following sub-topics:

19a. Cost Effective, Highly Selective Membranes

Membrane in RFB systems is one of the key components, which serves as a separator to prevent
cross-mixing of the positive and negative half-cell electrolytes, while allowing the transport of
charge balancing ions (such as H', SO4* and HSOy) to complete the circuit. An ideal membrane
for VRB should exhibit: 1) low permeation rates of the vanadium ions to minimize self-
discharge, 2) low area resistance to minimize losses in internal energy, 3) good chemical stability
for long lifetime cycling, 4) high ion conductivity for the transport of the charge-carrying ions to
maintain the circuit, and 5) low cost. Grant applications are sought to develop low cost, robust
proton membrane that can demonstrate satisfactory properties for RFBs, while being more cost-
effective than the current technologies. The membrane can be either cationic or anionic for a
specific redox flow chemistry.

Contact: Imre Gyuk, 202-586-1482, imre.gyuk@hg.doe.gov

19b. Cost effective, high energy capacity liquid electrolytes

Liquid electrolyte in RFB serves as a “fuel” to store electricity via redox reactions when flowing
through electrodes. The liquid electrolyte determines the energy capacity and is a main
component to the overall capital cost and technical performance. Take all vanadium RFBs as
example. The current electrolytes in vanadium sulfates account for nearly 40% of the total cost
of a IMW/8MWh all vanadium system. The energy capacity is limited by the solubility of
vanadium chemicals in the aqueous sulfates. When the vanadium concentration is over 2 M, the
electrolytes will become super saturated, resulting in the formation of precipitation for V°" at the
temperatures above 40 °C and for V>*, V>*, V*" at the temperatures below 10 °C. When the
concentration reaches up to 2.5 M, the solution of V" precipitates even at room temperature in
several days. An ideal electrolyte should demonstrate: 1) high solubility of active components
and stability over broad operating conditions, 2) excellent electrochemical reversibility, 3) good
chemical compatibility to adjacent components such as electrodes, tubes, etc. 4) acceptance to
environment, and 5) most of all, low cost. Grant applications are sought to develop novel
electrolytes that satisfy all the aforementioned requirements.

Contact: Imre Gyuk, 202-586-1482, imre.gyuk@hg.doe.gov

19c.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Imre Gyuk, 202-586-1482, imre.gyuk@hg.doe.gov
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20. HIGH PERFORMANCE MATERIALS FOR NUCLEAR APPLICATION

The Department of Energy is seeking to advance engineering materials for service in nuclear
reactors.

Grant applications are sought in the following subtopics:

20a. Specialty Steels

Grant applications are sought to develop radiation resistant steels, ferritic-martensitic (FM)
steels, and Oxide Dispersion Strengthened (ODS) steels that can be used in liquid metal reactors
at 400-750°C, have improved creep strength, and can be formed and welded. Grant applications
also are sought to improve the weldability and formability of FM and ODS steels, develop
methods to monitor in Situ irradiation performance in these materials, and develop improved
non-destructive evaluation techniques.

Contact: Sue Lesica, 301-903-8755, sue.lesica@hg.doe.gov

20b. Refractory, Ceramic, Ceramic Composite, Graphitic, or Coated Materials

Grant applications are sought to develop refractory, ceramic, ceramic composite, graphitic, or
coated materials that can be used in the Generation IV Advanced Gas Cooled Reactors Next
Generation Nuclear Plant (NGNP) at temperatures above 900°C in a thermal neutron spectrum
environment during normal operations and accidents. These ceramics, graphitic, or coated
materials should have the following characteristics: (1) low thermal expansion coefficients, (2)
excellent high-temperature strength, (3) excellent high-temperature creep resistance, (4) good
thermal conductivity, (5) ability to endure a high-neutron-fluence environment, (6) ability to be
easily fabricated, (7) capable of being joined, (8) low erosion properties in flowing helium, and
(9) ability to survive air and/or water ingress accidents. Because high temperature strength and
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corrosion resistance may be difficult to achieve with a single material, composite or coated
systems may be required.

In addition, grant applications are sought to develop methods for real-time in Situ monitoring of
the irradiation performance of these NGNP refractory, ceramic, graphitic, and coated composite
materials. Approaches of interest include the development of sensors that can monitor the
mechanical properties of these materials during their service lifetime and during large
temperature changes.

Contact: Sue Lesica, 301-903-8755, sue.lesica@hg.doe.gov

20c. Assessment and Mitigation of Materials Degradation

Grant applications are sought to develop technologies for the assessment and mitigation of
materials degradation in Light Water Reactor systems and components, in order to extend the
service life of current light water reactors. Approaches of interest include (1) advanced in situ
techniques for the monitoring of swelling in stainless steel, hardening of reactor pressure vessels,
and the degradation of concrete; (2) new welding techniques for component repair; (3) methods
that can mitigate or predict

irradiation and aging effects in reactors and components, and (4) improved nuclear fuel cladding
materials.

Contact: Sue Lesica, 301-903-8755, sue.lesica@hg.doe.gov

20d. Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Sue Lesica, 301-903-8755, sue.lesica@hg.doe.gov
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21. ADVANCED COAL RESEARCH

For the foreseeable future, the energy needed to sustain economic growth will continue to come
largely from hydrocarbon fuels. In supplying this energy need, however, the Nation must address
growing global and regional environmental concerns, supply issues, and energy prices.
Maintaining low-cost energy in the face of growing demand, diminishing supply, and increasing
environmental pressure requires new technologies and diversified energy supplies. These
technologies must allow the Nation to use all of its indigenous resources more wisely, cleanly,
and efficiently. These resources include the Nation’s most abundant and lowest cost resource,
coal.

Grant applications are sought in the following subtopics:

2la. Carbon Dioxide (CO2) Conversion to Fuels and Chemicals

Utilization of carbon dioxide (CO2) has become an important global issue due to the significant
and continuous rise in atmospheric CO2 concentrations, accelerated growth in the consumption
of carbon-based energy worldwide, depletion of carbon-based energy resources, and low
efficiency in current energy systems. Therefore, grant applications are sought to develop novel
concepts, based on the use of advanced catalysts, for the conversion of CO2 from energy
production and utilization systems to value-added fuels and industrial chemicals. Biomimetic
processes will be given special consideration. Proposed approaches must be novel and
innovative, show clear economic advantages over the existing state of the art, and provide the
data needed to demonstrate the CO2 conversion, the projected economics, and the commercial
feasibility.

Contact: Doug Archer, 301-903-9443, douglas.archer@hq.doe.gov

21b. Oxidation of Coal to Value-added Chemicals and Fuels

Continued U.S. dependence on foreign oil has increased interest in domestic coal supplies as
feedstocks for liquid fuels and chemicals. Considerable research and development has been
directed towards direct and indirect coal liquefaction. In addition, there have been previous
studies in mild oxidation to convert coal to chemicals by breaking the coal molecules using an
oxidant such that a high proportion of the coal can be converted into condensed products with
significant commercial value. Potential products have included low molecular weight aliphatic
and mono-aromatic compounds including aromatic acids, poly-acids, phenols, and short chain
aliphatic acids and diacids including carboxylic acids (formic, acetic, oxalic, malonic, and
succinic). Sub-critical water decomposition can result in significant quantities of dissolved
benzene and methanol. These have potential as chemical feedstock or fuels/fuel precursors.
Proposed approaches must be novel and innovative and show clear economic advantages over
the existing state of the art. Economics depend largely on processing cost, conversion, and high-
value product yield and separation. Grant applications are sought to continue the evolution of
processes for the oxidation of coal to commercial chemicals and fuels utilizing catalysts to
improve yield and selectivity and accounting for each of the following steps: (1) a preliminary
identification of the process, (2) a preliminary economic analysis, and (3) a more detailed study
of the selected process(es) leading to commercialization.
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Contact: Doug Archer, 301-903-9443, douglas.archer@hq.doe.gov

21c.  Solid Oxide Fuel Cell Cathode Enhancement Through Infiltration Techniques
Research is sought that employs infiltration processing techniques to develop enhanced
performance solid oxide fuel cell (SOFC) cathodes operating at 650° to 850°C. The new
techniques might involve new materials infiltrated to provide catalytic enhancement or new
nano-structures that enhance the transport and surface activity of existing materials. These
structures and their electrochemical performance must be stable for greater than 40,000 hrs,
under load, at high temperature. Techniques should be amenable for implementation in state-of-
the-art, YSZ-based (as opposed to ceria-, LSGM-, or Bi- based), cell architectures either before
or after stack assembly. Grant applications should include a description of how an anticipated
structure will lead to enhanced performance and have sufficient analysis of the proposed
manufacturing process to evaluate potential cost and complexity. In particular, evaluations of
structural and performance stability over extended periods of time are encouraged.

Background:

SOFC cathodes consist of an optimized structure involving ion, electron, and gas conduction
paths. The nexus of these paths results in electrochemical charge transfer yielding a steadily
polarized electrode which drives the electrical current through the external power load. The
charge transfer process can be enhanced by a high density of reaction sites, by catalytic
activation of reaction species, and by high conductivity to and from the reaction sites of all
species involved.

High performance cathodes to date involve a heterogeneous mixture of materials in a
combination that provides all of the necessary transport and reaction functions. These materials
are mixed together and sintered into individual functional layers or co-sintered together with
adjacent layers/components to form a cell (anode|electrolyte|cathode). Typical cathodes consist
of LSM-YSZ or LSCF.

Undesirable chemical reactions between the different materials in such composite structures can
occur during high temperature processing and limit the ability to use more catalytically active
materials. An alternative to co-sintering of particles in the composite is to first process a porous
sintered support structure at higher sintering temperatures and then create active nano-structural
additions and modifications through chemical infiltration and thermal processing at reduced
temperatures. In this manner, unique microstructures can be created and deleterious interfacial
reactions avoided.

Contact: Briggs White, 304-285-5437, briggs.white@netl.doe.gov

21d. Self-Powered (energy harvesting) Wireless Sensors for High Temperature
Environments in Fossil Energy Power Systems

An engineered, self-powered wireless package with an integrated protective housing for

commercial installations of new sensor technology in high temperature environments is sought

for development. Primary applications where the sensors would be applied are Fossil Fuel-based

power plants including coal-fired boiler systems, coal gasification systems, and turbines.
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Interested applicants should focus on one type of Fossil Fuel power system so that the design can
meet the specifications and requirements of that power system. Successful applicants should
reflect an understanding the Fossil Fuel based power system of interest in order to devise a
suitable design. Descriptions of the Fossil Fuel based power systems can be found at
www.netl.doe.gov and www.fe.doe.gov.

The Department of Energy, other government agencies, and sensor developers have put forth a
significant effort to develop a variety of new sensor technology that can function reliably and
accurately in high temperature environments (5000C-15000C). Ceramic based micro sensors and
optical sensors are generally the most common types of sensors suitable for these environments.
Many of these prototype sensors are progressing to the point where long term or large scale
testing is necessary to assess the commercial viability of the design. However, much effort is
expended on how best to package and protect the sensors from harsh environment while allowing
exposure of the sensor in a quasi in-situ approach.

Grant applications are sought for the development of highly capable sensor package that can self-
power and wirelessly communicate data from the sensor to a suitable hub/node. The sensor
packaging needs to consider the high temperature environment in which the sensor must function
and provide adequate protection support survivability of the sensor. Packaging designs must
consider proper selection of high temperature materials, appropriate size, ease of installation
through standard process ports or couplings, and ease in accessing or replacing the sensors. The
power required to operate the sensor (through various energy harvesting technologies) and means
by which the data can be wirelessly transmitted must also be accounted for in the approach.

Contact: Regis Conrad, 301-903-2827, regis.conrad@hq.doe.gov

2le. Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Doug Archer, 301-903-9443, douglas.archer@hq.doe.gov
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oxide fuel cells, Nie LF, Liu MF, Zhang Y], et al., J. Power Sources, Vol. 195, Iss. 15, Pgs.
4704-4708 (2010).

Using Infiltrate Solution Additives, Nicholas JD, Barnett SA, J. Electrochem. Soc., Vol. 157,
Iss. 4, Pgs. B536-B541 (2010).

5. Controlling the morphology and uniformity of a catalyst-infiltrated cathode for solid oxide
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22. ADVANCED FOSSIL ENERGY RESEARCH

The Advanced Research (AR) program within NETL’s Office of Coal and Power Systems
fosters the development of innovative, cost-effective technologies for improving the efficiency
and environmental performance of advanced coal and power systems. In addition, AR bridges
the gap between fundamental research into technology alternatives and applied research aimed at
scale-up, deployment, and commercialization of the most promising technologies identified. The
AR program encompasses three major subprograms: Sensors and Controls Innovations; High
Performance Materials; and Computational Energy Sciences.

For the foreseeable future, the energy needed to sustain economic growth will continue to come
largely from the Nation’s most abundant and lowest cost resource, coal. Maintaining low-cost
energy in the face of growing demand and increasing environmental pressures requires new
technologies that will enable higher efficiency. The implementation of sensors and advanced
controls in power systems can provide valuable methods to improve operational efficiency,
reduce emissions, and lower operating costs. These sensors and controls must provide reliable
and consistent data, longevity of use, and ease of calibration. However, it has been a challenge
to develop sensors and controls that are able to endure the harsh environments associated with
advanced power systems. This environment includes high temperatures (800-1500°C), high
pressures (500-1000 psi), and corrosion due to abrasive materials.
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High performance materials research cuts across many scientific and technological disciplines to
address materials requirements for all fossil energy systems, including innovative advanced
power systems. The goal is to bridge the gap between basic and applied research, often by
pursuing “breakthrough” concepts based on mechanistic understanding from any discipline to
develop materials with unique thermal, chemical, and mechanical capabilities.

Grant applications are sought in the following subtopics:

22a. Novel Approaches for Monitoring the Condition of Advanced Power Plants

Novel approaches are sought for the development and design of on-line instrumentation and
sensors capable of monitoring the state of critical equipment and components within an advanced
power plant. Instrumentation and sensors capable of monitoring in high temperature harsh
environments for the measurement of stress/strain, corrosion, blade tip clearance/deflection,
thermal barrier coating wear, fouling, and/or material fatigue/cracking are of interest. New
approaches to embedded sensor designs or non-destructive evaluation (NDE) techniques are of
interest along with wireless data communication capabilities. Development and utilization of
other types of measurements are also of interest for the creation of a network of condition
monitoring sensors. Employing robust sensing networks will enable the development or use of
algorithms and models for the prediction of equipment/component maintenance, remaining life
and failure. Predictive algorithms and models should be considered an integral part of a robust
condition monitoring system. Equipment that could potentially benefit from the development of
advanced condition monitoring approaches include coal gasifiers, turbines, advanced coal
combustion systems, and other critical or high maintenance equipment commonly employed in
energy and power generation systems.

Grant applications are sought for condition monitoring sensors capable of function in high
temperature (800 °C-1200 °C) harsh environment that will directly contribute to improving
system control, protect capital equipment investment, and promote safety through prevention of
catastrophic equipment failure. Non destructive and embedded techniques are of interest along
with wireless communication capability.

Contact: Susan Maley, 304-285-1321, susan.maley@netl.doe.gov

22b.  Advanced Process Control Techniques using Distributed Intelligence

As new power generation technologies and systems mature, the plant which encompasses these
systems will become inherently complex. In order to manage complexity, the process control
architecture that supports the system will need to evolve to manage the complexity and achieve
the goal of optimum performance. Research and development are being performed on novel
control architectures that capitalize on computational capability and the ability to distribute this
capability to the lower level where sensing and actuation are occurring in real time. These
approaches depart from the traditional centralized control architectures and introduce concepts
where networked communication of information (not data) and decision making capability at the
lower levels enable intelligence to be distributed and the sensing and actuation network to
function in a self organizing manner. The topic seeks to expand on and integrate the various
concepts using realistic system level scenarios and case studies. Phase I seeks to develop viable
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concepts for distributing intelligence for process control followed by Phase II development of the
appropriate software and hardware to enable demonstration the novel concepts.

Grant applications are sought for the development of novel process control technique that
distribute intelligence to the actuaion and sensing level with a system Phase I seeks to develop
viable concepts in these areas and those concepts which include self organization, adaptive
control, model based techniques, and data mining capability that can be distributed with a
realistic sensing and actuation network to enable distributed intelligent control are encouraged.

Contact: Susan Maley, 304-285-1321, susan.maley@netl.doe.gov

22c. High Performance Materials for Long Term Fossil Energy Applications

New materials, ideas, and concepts are required to significantly improve performance and reduce
the costs of existing fossil energy power generation systems or to enable the development of new
systems and capabilities. The Fossil Energy Materials Program conducts research and
development on high-performance materials for longer-term fossil energy applications. The
program is concerned with operation in the hostile conditions created when fossil fuels are
converted to energy. These conditions include high temperatures, elevated pressures, and
corrosive environments (reducing conditions, gaseous alkali). Examples of such environments
are:

Combustion gas turbines in IGCC cycles that are being designed to operate in both H, and
CO/H; environments at inlet temperatures up to 1700 deg C and pressures to 650 psi

Advanced ultrasupercritical (AUSC) steam power plant cycles operating at steam conditions of
760 deg C and 5000 psi.

Oxy-fueled combustion systems where components will be exposed to CO, and CO; steam.
Grant applications are sought for the development of materials technology that will enable the
deployment of the aforementioned fossil energy power generation technologies in the next 5 — 15

years. This includes:

Development of materials, both structural and functional, that have the potential to improve the
performance and/or reduce the cost of the technologies.

Development of a technology base in the synthesis, processing, life-cycle analysis, and
performance characterization of advanced materials that are slated to be used in these

applications.

Contact: Richard Dunst, 412-386-6694, dunst(@netl.doe.gov

22d. Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.
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Contact: Susan Maley, 304-285-1321, susan.maley@netl.doe.gov

REFERENCES

Subtopic a:

1. Romanosky, Robert, "Development of Harsh Enviroment Sensor Platform for Fossil Energy
Applications" http:// www.netl.doe.gov/technologies/coalpower/advresearch/pubs/G3-
ICMS%?20Presentation%20080707f1b.pdf, July, 2008

2. Dunn, Sandy, "Condition Monitoring in the 21st Century" http://www.plant-
maintenance.com/articles/ConMon2 1stCentury.shtml

Subtopic b:

1. Maley, Susan and Romanosky, Robert, "Plant Process Control Workshop Summary Report",
http://www.netl.doe.gov/publications/proceedings/06/Plant%20Process%20Control%20Wor
kshop%20Summary%20Report-Final.pdf, June, 2006

2. NSF 98-60, "K D I : Knowledge and Distributed Intelligence",
http://www.nsf.gov/od/Ipa/news/publicat/nsf9860/start.htm

3. White, Tony, "Expert Assessment of Stigmery: A report for the Department of National
Defense" Defense Research and Development Canada, Contract Report DRDC CR 2005-
004, citeseerx.ist.psu.edu/viewdoc/download, October 2005

Subtopic c:

1. http://www.netl.doe.gov/technologies/coalpower/advresearch/materials.html for information
on the Advanced Research High Performance Materials Program.

23. CLIMATE CONTROL TECHNOLOGIES FOR FOSSIL ENERGY
APPLICATIONS

This topic addresses carbon dioxide (CO,) emissions and its management for climate control.
Starting with the industrial age, the combustion of carbon-based fossil fuels has raised global
emissions of CO, compared to levels two centuries ago. A large body of scientific evidence
points to the recent build-up of CO, and other greenhouse gases (GHG) in the atmosphere
worldwide as a contributing factor to global warming. This build-up could lead to future
significant global climate imbalances and adverse consequences for human health and welfare.
Strategies to reduce GHG include CO; capture from large stationary industrial emitters; geologic
storage of CO;; and the reuse of CO; for chemical, manufacturing, petroleum, and other
applications. Significant research is currently being pursued for new technologies that will
advance implementation of carbon capture and sequestration (CCS) technologies, along with
alternative uses of CO, for industrial applications.
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Grant applications are sought in the following subtopics:

23a. Advanced Solvents for CO2 Capture from Existing Coal-fired Power Plants
Significant research and development is currently being pursued for new technologies to separate
and capture CO, from flue gas streams produced by existing coal-fired electric generating power
plants. Aqueous amine absorption is the state of- the-art technology for post-combustion CO,
capture from flue gas. However, amine absorption has a number of drawbacks, including
significant capital and operating costs. Therefore, grant applications are sought to develop
solvent based technologies that can substantially lower the cost of CO, capture from flue gas
produced by existing coal-fired power plants. Incremental improvements on amine-based
systems are not sought. The research effort should demonstrate the viability of the technology to
perform with actual flue gas compositions generated from existing coal-fired power plants.
Technologies should be capable of 90% or greater reduction in CO; emissions per net kWh and
result in less than a 30% increase in the cost of energy services.

Solvent-based systems, typically using amines, are in commercial use in scrubbing CO, from
industrial flue gases and process gases. However, they have not been applied to removing large
volumes of CO; as would be encountered in a PC-fired utility boiler flue gas. Key technical
challenges to solvent based systems for capturing CO, from coal-fired power plants include: (1)
large flue gas volume; (2) relatively low CO, concentration; (3) flue gas contaminants; and (4)
high parasitic power demand for solvent recovery. The liquid and gas are typically contacted in a
countercurrent packed column or a spray tower. Commercial CO, capture solvents are typically
amine-based. In responding to this subtopic applicants should demonstrate a thorough
understanding of the technology being proposed. The applicant should provide information
relevant to overcoming the technical challenges identified above in achieving the DOE goal. The
applicant should also provide a description all auxiliary power required, theoretical maximum
CO; capacity and target working capacity (in Ib CO,/Ib solution), description of the stripper
configuration, information about the chemical and thermal stability of the solvent, the chemical
reactions for the CO, absorption/regeneration cycle (and if available, kinetic data, expected
operating temperatures, theoretical regeneration energy, and target regeneration energy as a
function of working capacity), the solvent composition and anticipated cost range (if
manufactured in large quantities), the solvent molecular weight or average molecular weight
(mixed solvents) and the boiling point of the solvent (or solvents if mixed solvents). Since this
subtopic deals with capture from an existing coal-fired power plant, applicants should include a
block flow diagram of how their technology would be retrofitted to a typical pulverized coal
fired power plant.

Contact: Andy Aurelio, 304-285-0244, Isaac.Aurelio@netl.doe.gov

23b. Dense Carbon Dioxide Transport Membranes

Pre-Combustion carbon capture is primarily applicable gasification plants where coal is gasified
with water and controlled amount of oxygen to produce synthesis gas (syngas), a mixture of
carbon monoxide (CO) and hydrogen (H,). The syngas is next sent to water gas shift (WGS)
reactor where it is reacted with water to form syngas gas shift, which is mixture of carbon
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dioxide (CO,) and hydrogen. H; or CO, is separated from the syngas shift mixture for producing
hydrogen and capture-ready CO, for safe storage.

Applications are invited for dense CO, transport membranes. Studies involving novel dense CO,
transport membrane material formulation, synthesis, characterization, and proof-of-principle
scale permeation tests are included. Computational methods offer a cost-effective technique to
engineer novel materials and computational approaches to design novel dense CO, perm-
selective membranes are encouraged. Dense CO; transport membranes are expected to operate
at WGS reactor outlet conditions. Polymeric CO; separation membranes and hydrogen transport
membrane R&D for separating hydrogen from syngas shifts are specifically excluded from
considerations.

Contact: Arun Bose, 412-386-4467, arun.bose@netl.doe.gov

23c. CO2 Utilization for Chemicals and Solid Products

As high-CO;-emitting utilities and other industries move toward CO, capture technologies to
manage greenhouse gas emissions, more and more CO, will become available as a resource for
multiple applications. In addition, geologic sequestration may not be an option for the storage of
CO; in some areas of the country. Therefore, grant applications are sought to develop novel
technologies for the use of captured CO, as a feedstock for chemical synthesis into valuable
products. Algae use and synthesis to fuels is addressed in other Program areas and is not of
interest for this subtopic. Grant applications using these approaches will be declined. Synthesis
to carbon monoxide is also not of interest for this subtopic unless it is produced as an
intermediary and consumed in the proposed process. Approaches of interest include (1) the
development of technologies for chemical conversion of CO; into marketable products that do
not easily convert back to CO,, and (2) the utilization of significant quantities of CO; in
processes within the chemical industry. The research effort should demonstrate that the
proposed process will not produce more CO, than is utilized. Applicants are encouraged to
propose technologies that utilize CO; at its source.

Contact: Darin Damiani, 304-285-4398, darin.damiani@netl.doe.gov

23d. Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Andy Aurelio, 304-285-0244, Isaac.Aurelio@netl.doe.gov

REFERENCES

Subtopic a:

1. U.S. DOE NETL Innovations to Existing Plants -CO, Emissions Control Web page.
(URL:http://www.netl.doe.gov/technologies/coalpower/ewr/co2/index.html. )
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Subtopic b:

1. Jerry Y. S. Lin, “Novel Inorganic Membranes for High Temperature Carbon Dioxide
Separation,” Final Technical Report, DE-FG26-00NT40824, 09//01/2000-08/31/2002.

Subtopic c:

1. Carbon Sequestration Technology Roadmap and Program Plan — 2007, U.S. DOE National
Energy Technology Laboratory (NETL), May 2007. (Full-text available at:
http://www.netl.doe.gov/technologies/carbon_seq/refshelf/project%20portfolio/2007/2007Ro

admap.pdf)

2. Intergovernmental Panel on Climate Change (IPCC) Special Report on Carbon Dioxide
Capture and Storage: Chapter 7 — Mineral Carbonation and Industrial Uses of Carbon
Dioxide, 2005, Metz, B., Davidson, O., de Coninck, H., Loos, M., and Meyer, L. (editors),
Cambridge University Press, p. 319-337. (Full text available at:
http://www.ipcc.ch/publications_and_data/publications_and_data_reports_carbon_dioxide.ht
m)

24. COAL GASIFICATION TECHNOLOGIES

Coal gasification produces synthesis gas (primarily a mixture of H, and CO), which can be
converted into electricity, hydrogen, substitute natural gas, and other clean fuels, as well as high-
value chemicals to meet specific market needs. Furthermore, while other sources of power may
fluctuate, gasification systems operate on the low-cost, widely available, domestic feedstock of
coal, and can be run on coal-biomass mixtures. By using coal to make hydrogen or methane,
coal can be converted into clean fuels, with a much smaller carbon footprint than typical for coal
combustion. For instance, a power plant run on clean hydrogen will only produce water as the
flue gas.

The U.S. Department of Energy‘s Office of Fossil Energy, through its National Energy
Technology Laboratory, seeks to enhance the performance of gasification systems to make them
cost competitive with alternative processes (e.g., pulverized coal power generation, natural gas
combined cycle), thus enticing U.S. industry to implement the environmentally superior
gasification-based processes. The enhancements sought will improve economics, improve
gasification plant efficiency, improve process environmental performance (including carbon
emission reduction), and increase process reliability.

Grant applications are sought in the following subtopics:

24a. CO2 - Coal Slurry Preparation

A CO,-coal slurry feed in a gasification process may have significant efficiency and cost
advantages over a water slurry feed due to the lower heat of vaporization, and lower viscosity
and surface tension. This could be especially true for high moisture coal, since moisture may not
have to be removed from the coal prior to mixing with CO,. In addition, higher solids loadings
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are feasible when using liquid CO; as the slurry medium than when using water. Also, using
CO; coal slurry will allow gasification plants with CO, capture to operate more efficiently.

For more background information on this concept, see the ERPI report 1014432 “Program on
Technology Innovation: Advanced Concepts in Slurry-Fed Low-Rank Coal Gasification;:

Grant applications are sought to optimize the coal-CO; slurry process from slurry preparation to
readiness for gasifier injection (at least 750 psi), including necessary rheological testing not
available in the literature, process tests and/or needed equipment design and construction. The
coal used shall be Sub-Bituminous or Lignite (moisture level of at least 30 percent), with a
particle size distribution typical of a standard power plant grind (a fineness of 70% passing
through 200 mesh [74 microns]), or better is traditionally required. The CO, purity shall be
typical of pipeline specificationss.

The proposal must adequately describe the benefits anticipated from the novel process, novel
additives (to avoid rapid settlement and agglomerations) for long-term stability of CO; slurry,
and new/modified equipment. Sufficient data shall be provided for the National Energy
Technology Laboratory (NETL) personnel to be able to conduct a benefits analysis to confirm
the overall reduction in capital costs, and cost of hydrogen or power production. In addition, a
variety of sub-bituminous or lignite coal must be tested to determine their slurry ability The
proposal needs to include an overview of the whole process, from raw feed materials to gasifier
injection, and how the proposed process/equipment fits into it. The work plan should include
small scale tests to determine the minimum coal drying necessary and maximum solid loading,
and plans to resolve process or materials of construction issues with higher moisture levels.

Contact: Dave Lyons, 304-285-4379, k.david.lyons@netl.doe.gov

24b. Novel Concepts in Air Separation (non-membrane, non-sorbent, and non-redox)
The most prominent technology for producing the large volumes of oxygen needed for an
Integrated Gasification Combined Cycle (IGCC) plant is the cryogenic air separation unit (ASU).
However, this technology is both capital and energy intensive, consuming 10-15 percent of the
gross power output of an Integrated Gasification Combined Cycle (IGCC) power plant and
accounting for as much as 12-15 percent of its cost (around $120 -$170/kW). Also, there have
been availability concerns related to the application of this technology to IGCC.

Lower cost oxygen separation systems will increase the potential for broad implementation of
oxygen-blown IGCC projects in the U.S. Therefore, there is an obvious need to develop new air
separation processes or to improve upon existing cryogenic air separation systems that reduce
costs and improve performance and availability. The National Energy Technology Laboratory
(NETL) is currently developing advanced air separation technologies that can produce
commercial-scale quantities of oxygen at lower cost than conventional cryogenic systems;
however, NETL’s efforts are primarily focused on ion transport membranes (ITM).

Grant applications are sought to improve upon the existing cryogenic air separation technology

or to develop new concepts (non-membrane, non-sorbent, and non-redox) for the separation of
oxygen from air.
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Areas of potential research interest include: (1) advancements to the existing cryogenic ASU
technologies, in order to improve the cost, performance, and/or availability; and (2) other novel
concepts capable of advancing non-membrane, non-sorbent, and non-redox separation processes
to produce oxygen in volumes sufficient for IGCC plant operations, at relevant purities, and in an
efficient, cost-effective manner. DOE is also interested in improving the availability of the
cryogenic ASU technologies. Specific areas of potential study include but not limited to: Air
compressor inlet guide vanes, electric motor drive, rotor, and instrumentation; Direct contact
cooler; Molecular sieve valve selection and regeneration heater; Cold box leakages; and Liquid
oxygen storage. Grant applications must describe the potential performance and economic
advantage - in an IGCC plant - of the proposed approach over conventional cryogenic air
separation processes.

Contact: Arun Bose, 412-386-4467, arun.bose(@netl.doe.gov

24c.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Dave Lyons, 304-285-4379, k.david.lyons@netl.doe.gov

REFERENCES

Subtopic a:

1. www.epri.com - reports # 1014432, 1016172, 1018854.

2. http://my.epri.com/portal/server.pt? Abstract_id=000000000001018854Steam/its generation
and use. 41st edition. Editors: John B. Kitto and Steven C. Stulz. The Babcock & Wilcox
Company, Barberton, Ohio, USA. 2005, page 13-8

3. http://www.netl.doe.gov/technologies/carbon_seq/Resources/Analysis/pubs/CO2CaptureGui
delines.pdf page 13.

Subtopic b:

1. http://www.netl.doe.gov/energy-
analyses/pubs/Bituminous%20Baseline Final%20Report.pdf

2. http://www.cfo.doe.gov/budget/1 1 budget/Content/Volume%203.pdf

25. TECHNOLOGIES FOR CLEAN FUELS AND HYDROGEN FROM COAL

The Hydrogen and Clean Coal Fuels Program supports DOE’s strategic goals — increasing
energy security, reducing the environmental impact of energy use, promoting economic
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development, and encouraging scientific discovery and innovation — by researching and
developing novel technologies for the economic conversion of coal, America’s largest domestic
fossil energy resource, into hydrogen and other clean fuels. With carbon management and/or
capture and storage, coal can produce these fuels in a manner that addresses concerns regarding
the build-up of atmospheric carbon dioxide concentrations. Coal resources offer an attractive
option for producing hydrogen that can be utilized for power generation or transportation.
Hydrogen-rich liquids and substitute natural gas (SNG) can be produced from coal and used
directly or as an alternative route to hydrogen production. Additionally, innovative technologies
and methods to produce, deliver, and utilize hydrogen from coal will provide a clean and
sustainable alternative to imported fuels.

Grant applications are sought in the following subtopics:

25a. Concepts for Enhanced Catalysts for Water-Gas-Shift and Fischer-Tropsch
Processes for Gases from Co-Mingled Coal and Biomass Gasification
Recent systems studies have shown that the addition of biomass to a coal gasification feedstock
would be beneficial. This process, known as the Coal-Biomass-to-Liquids (CBTL) process
employs domestic coal and biomass feedstocks, has a better greenhouse gas footprint than
conventional processes for petroleum fuels, and is projected to be economically competitive at a
world oil price significantly below $100 per barrel. Improvements to several plant unit
operations offer particular opportunities. For example, the use of water-gas shift (WGS) and
Fischer-Tropsch (FT) technologies are well-known for converting syngas to high hydrogen
content liquids. However, the current commercial catalysts used in WGS processes and FT
syntheses are intrinsically sensitive to small amounts of poisons. In commercial operation, these
catalysts must be replaced or regenerated after a certain operational period. The specifics of this
syngas cleaning are based on economic considerations: the investment in gas cleaning must be
weighed against decreased production due to catalyst poisoning. Therefore, new or novel
catalysts that are resistant to contaminants may aid in the overall cost of the produced liquid
fuel. These syngas contaminants, which result from the gasification of co-mingled coal and
biomass, include (1) sulfur species, trace toxic metals, halides, and nitrogen species from coal,
and (2) KCl and NaCl from biomass.

Grant applications are sought for novel WGS and/or FT catalysts, or catalyst-related
improvements that will result in improved CBTL plant efficiency and/or cost. In addition to the
development of catalysts that may be resistant to contaminants, approaches that address other
catalyst related challenges are also of interest, provided that the contaminants are removed prior
to the WGS or FT process. These challenges include the optimization of overall yields of
desired fuel fractions for FT catalysts; improved CO conversion for WGS catalysts;
improvements that result in maintenance of sustained catalyst activity; and the need for less
costly catalyst materials.

Temperature, pressures, and feed compositions use in experiments should be justified in terms of
being relevant for integrating the proposed concept within a CBTL process; that is, the catalysts
should be targeted for use in the temperature and pressure ranges of commercial WGS and FT
catalysts, or they should be justified (e.g., thermodynamically) for the proposed test conditions.
Literature reviews are not within the scope of this subtopic and will be rejected.
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Contact: Jason Hissam, 304-285-0286, jason.hissam@netl.doe.gov

25b.  Concepts for Direct Liquefaction of Coal/Biomass Mixtures

Direct liquefaction of co-mingled coal/biomass mixtures has the potential to increase our energy
security by making transportation fuels via these abundant domestic resources. In addition, the
use of biomass as a feedstock can reduce the carbon footprint of this fuels-manufacturing
process. Direct liquefaction processes include high-pressure hydrogenation, reactions with oils
that can donate hydrogen, and enzymatic processes. The types of coals that have been used in
direct liquefaction include lignite, sub-bituminous, and bituminous. The types of biomass that
are available for direct liquefaction include corn stover, wood (forest residue, manufacturing
residue, or short-rotation woody crops such as poplar), grass (switchgrass and mixed prairie
grasses), and algae.

Grant applications are sought to demonstrate the feasibility of novel concepts for the direct
liquefaction of a coal/biomass mixture (or mixtures) from the above-mentioned matrix of
available feedstocks. The mixture chosen for research should be based on minimizing the
transportation costs of bringing the feedstocks to the liquefaction plant. In addition, the mixture
should contain at least 30 wt% (but not more than 50 wt%) biomass (dry basis). The research
should be directed toward making transportation fuels at a cost that is competitive with the
production of these fuels from petroleum. Literature reviews are not within the scope of this
subtopic and will be rejected.

Contact: John Stipanovich, 412-386-6027, John.Stipanovich@netl.doe.gov

25c.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Jason Hissam, 304-285-0286, jason.hissam@netl.doe.gov

REFERENCES

Subtopic a:

1. “Hydrogen and Clean Fuels Research”, U.S.DOE Office of Fossil Energy Website. (URL:
http://www.fe.doe.gov/programs/fuels/index.html)

2. “Hydrogen from Coal Program Research, Development, and Demonstration Plan for the
Period 2008 through 20167, External Draft, Sept. 2008. (Full text at: 110
http://www.netl.doe.gov/technologies/hydrogen clean fuels/refshelf/pubs/Final 2008 DRA
FT External - H2 from Coal RDD Plan.pdf)

3. “NETL Test Protocol — Testing of Hydrogen Separation Membranes”,
DOE/NETL2008/1335, October 2008.
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http://www.netl.doe.gov/technologies/hydrogen clean fuels/refshelf/pubs/Membrane%20tes
t%20protocol%20v10 2008 final10092008.pdf

4. “Hydrogen from Coal Program Research, Development, and Demonstration Plan for the
Period 2008 through 2016”, External Draft, Sept. 2008. (Full text at:
http://www.netl.doe.gov/technologies/hydrogen clean fuels/refshelf/pubs/Final 2008 DRA
FT External - H2 from Coal RDD Plan.pdf)

Subtopic b:

1. “Hydrogen and Clean Fuels Research,” U.S.DOE Office of Fossil Energy Website,
http://www.fe.doe.gov/programs/fuels/index.html

2. “Hydrogen from Coal Research and Development Plan,”
http://www.netl.doe.gov/technologies/hydrogen clean_fuels/refshelf/pubs/Final 2008_DRA
FT External - H2 from Coal RDD Plan.pdf

3. Burke, F.P. et al, “Summary Report of the DOE Direct Liquefaction Process Development
Campaigns of the Late Twentieth Century,” DOE Topical Report, July 2001, DOE Contract
DE-AC22-94PC93054, http://www.osti.gov/bridge/servlets/purl/794281 -
khohbO/native/794281.pdf

4. Gang Wang et al, “Direct liquefaction of sawdust under syngas with and without catalyst,”
Chemical Engineering and Processing. Volume 46 Issue 3, March 2007, Pages 187-192.

26. ADVANCED TURBINE TECHNOLOGY FOR IGCC POWER PLANTS

Integrated Gasification Combined Cycle (IGCC) power plants are attractive alternatives to
current pulverized coal technologies in large-scale stationary applications. IGCC systems are
very efficient, with efficiencies ranging from 35 to 45 percent (depending on system
configuration and size). They also are environmentally friendly, emitting lower levels of
pollutants and particulates. However, in order to meet long-term Turbine Program goals, which
target efficiencies greater than 50%, the inlet temperature may need to be raised even further
than the current state-of-the-art (to 1500°C (2732 °F) or higher). Therefore, this topic seeks
advances in the design and manufacturability of high temperature materials and hot gas path
component cooling techniques, two enabling technologies for higher efficiency and lower
emissions.

Grant applications are sought in the following subtopics:
26a. Novel Material System Architectures that Operate at Higher Temperatures

Grant applications are sought for research and development to explore new architectures for
turbine hot gas path material (coating and substrate) systems.

124



Return to Top of Document

Proposed coating architectures must possess a combination of heat resistance, thermal insulation,
and oxygen barrier qualities; hot-corrosion and erosion resistance; long fatigue life, resistance to
adverse coating/substrate interaction; adhesion capacity; and high-temperature mechanical
performance. In order to define a novel coating architecture to address these requirements,
approaches of interest should (1) consist of metallic and/or ceramic components; (2) optimize
thermal insulation without sacrificing strain tolerance or temperature capability; and (3) ensure a
reliable coating architecture with a surface temperature capability approaching 1425°C for a
minimum of 8,000 hrs.

The included advanced substrates must (1) have high strength at elevated temperatures; (2)
withstand the high thermal, creep, and fatigue loads resulting from spallation and/or debonding
of the accompanying coating system; (3) provide an adequate level of internal cooling for future
high-temperature, high-hydrogen-fired turbine applications; and (4) demonstrate viable extended
life (i.e., 8,000-30,000 hrs) in oxidizing environments containing as much as 15-20% H»O,
where surface temperatures range between 1,100-1,500°C. Materials systems of interest include
modified superalloys, refractory metal alloys, and ceramic-based composites designed to meet
the performance criteria outlined above.

The proposed R&D applications should address materials-system level performance concerns
such as thermal gradients, thermal expansion mismatch, and interdiffusion/chemical
compatibility. The new material systems must withstand the temperature cycles that are
expected. A complete description of the manufacturing process required to achieve the proposed
architectures should be provided to facilitate analysis of potential cost entitlements and
implementation complexity. Applications can focus on individual components; however, a clear
plan should be presented outlining how entire substrate, coating architectures would be
fabricated, implemented, and perform.

Contact: Robin Ames, 304-285-0978, robin.ames@netl.doe.gov

26b. Rapid Manufacturing and Prototyping of Gas Turbine Components

Rapid prototyping (including layer manufacturing techniques), and manufacturing can greatly
reduce the cycle time to produce parts for initial testing and verification of industrial gas turbine
components. Here “rapid” is being used to mean any technique that does not involve making
tooling or molds. Today's state of art processes, such as 3D printing (stereo lithography), laser
sintering, etc. are generally used for facsimile parts, where dimensional accuracy and material
properties may be compromised when compared to production components. To this end, rapid
prototype parts, such as those manufactured by powder metallurgy, cannot currently replace
production parts in gas turbines even if they are compositionally identical. In addition,

some rapid prototyping technologies can be expensive and this cost limits the applicability to
production and number of iterations which could potentially be explored throughout a
development process. Therefore, grant applications are sought for research and development to
explore innovative approaches to increase the density and mechanical properties of complex
parts for high-temperature gas turbine applications. Reductions in machine and material costs
combined with increases in machine throughput and improved laser manufacturing technique
(LMT) material properties are important steps for rapid manufacturing components to compete
with their molded counterparts as an efficient production process with end use in mind.
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Grant applications must provide reliable data and processes for high temperature capable rapid
manufactured materials (like powder metallurgy or ceramics, i.e. aluminum oxide) with key
requirements including minimizing porosity and ability to maintain tight tolerances (+/- 0.001")
for critical part dimensions. Applicants can also focus on the application of rapid prototyping
methodology to current state of the art manufacturing processes to significantly reduce the
overall time and cost to market, thereby reducing manufacturing energy usage and the associated
carbon footprint.

Contact: Robin Ames, 304-285-0978, robin.ames(@netl.doe.gov

26c. Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Robin Ames, 304-285-0978, robin.ames@netl.doe.gov
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Subtopic b:

1. Dickens, P. and Hopkinson, N., “Rapid Prototyping for Direct Manufacture,” Rapid
Prototyping Journal, 7, (2001), 197-202.

2. Wu, H., Li, D., Tan, Y., Sun, B., and Xu, D., “Rapid Fabrication of Alumina-based Ceramic
Cores for Gas Turbine Blades by Stereolithography and Gelcasting,” Journal of Materials
Processing Technology, (2008), doi: 10.1016/j.jmatprotec.2009.07.002

3. Laoui, T., Osakada, K., Sanots, ED., and Shiomi, M., “Rapid Manufacturing of Metal
Components by Laser Forming,” International Journal of Machine Tools & Manufacture, 46,
(2006), 1459-1468.

27. FUEL CELL TECHNOLOGIES FOR CENTRAL POWER GENERATION WITH
COAL

Improved power generation technologies will help the nation make more efficient, cost-effective
and environmentally-responsible use of its abundant domestic coal reserves. This topic seeks
advances in fuel cell technology for central coal power plants.

Solid oxide fuel cell (SOFC)-based systems are attractive alternatives to current technologies for
coal-fueled central generation. SOFC systems are very efficient, with efficiencies ranging from
40 to over 60 percent (depending on system configuration). Electrochemical conversion in a
SOFC takes place at lower temperatures (650°C to 850°C) than combustion-based technologies,
resulting in decreased emissions, particularly nitrogen oxides. Furthermore, in a carbon-
constrained world, SOFCs offer considerable opportunities with respect to both lower CO,
generation (as a result of higher efficiency) and increased CO, capture. With these advantages,
systems containing improved fuel cell technology, in combination with heat recovery subsystems
and commercial CO; capture technology, will meet DOE goals that include 45-50% efficiency
(coal HHYV to electrical power), <2ppm NOx, and 90% carbon capture. Consistent with these
goals, the DOE-sponsored Solid State Energy Conversion Alliance (SECA) will develop
commercially-viable ($700/kW) SOFC power generation systems.

Grant applications are sought in the following subtopics.

27a. Cathode Blowers and Anode-Recycle Blowers for SOFC Systems

SOFC-based power systems for coal-fueled central generation applications require efficient and
reliable blowers to ensure protection of the SOFC stacks and to maximize system efficiency.
Cathode blowers provide the air that serves as the SOFC oxidant and removes heat from the
stacks. With respect to the anode recycle blower, it is desirable to recycle a portion of the water-
rich anode effluent back to the anode inlet in order to maintain an acceptable steam to carbon
ratio.

Applications are sought to develop either or both of these devices for a ~250kW - IMW SOFC
system. Specific blower performance specifications will be dependent upon the design of the
SOFC system with which it is associated; nevertheless, the following representative nominal
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requirements, in lieu of design-specific data, are provided and should be addressed within the
grant application:

e The working fluid is atmospheric air for cathode blowers and high-temperature (750-
800C) anode effluent (primarily CO, and H,0, with some residual H,) for anode recycle
blowers.

e The unit should be capable of variable speed control.

¢ In the case of the anode recycle blower, the blower shaft seal shall be designed so as to
prevent gas leakage, and provisions shall be made to include a way to drain water from
anode-recycle blower during extended shutdowns.

e The blower unit must have a design life of 40,000 hours, with a 100% duty cycle and
10,000 hour maintenance interval.

e The issue of contamination of the working fluid (e.g., the introduction of grease or oil)
must be addressed, as the introduction of foreign matter may have an adverse effect on
the SOFC stack.

Applicants are encouraged to consult with the SECA Industry Teams with respect to their
respective detailed specifications for this component.

Contact: Maria Reidpath, 304-285-4140, Maria.Reidpath@netl.doe.gov

27b. Low-Cost Megawatt-Scale High-Temperature Heat Exchangers for SOFC
Applications
Grant applications are sought to develop novel, high-temperature heat exchanger designs that
address the cost and technical performance requirements for cathode air preheaters for use in 250
kW to 1 MW SOFC systems. For this component, the source-side working fluid is post-
combustor SOFC stack effluent, with an inlet temperature between 850°C and 1000°C. The sink
side is air from the cathode air blower with a temperature as low as minus 40°C. Maximum
source and sink side flow rates are approximately 200,000 slpm. Due to the parasitic losses
associated with the cathode air blower and the resultant adverse impact upon system efficiency,
this heat exchanger requires a very low differential pressure drop (1.5 to 2.5 kPa on the sink side;
0.75 to 1.25 kPa on source side) and high effectiveness (= 85 to 90%). Although material sets
such as nickel-based superalloys (e.g., 600 series Inconels) are currently being used, they are
very expensive to manufacture.

Regardless of the proposed design, cost, reliability (tolerant of high steady-state temperatures,
internal temperature gradients and thermal cycles) and manufacturability are critical issues that
must be addressed within the proposal. Materials identified for incorporation into the design
must be analyzed for chemical (e.g., resistance to corrosion and sulfidation attack) and
thermomechanical stability (e.g., creep, thermal shock tolerance) in the context of the proposed
design and application. Ceramic materials will be considered, provided that any thermal shock
and leakage (at manifold interfaces or working fluid crossover) issues can be adequately
addressed. The proposed heat exchanger design must have a design life of 40,000 hours, with a
100% duty cycle and 10,000 hour maintenance interval. The unit must be able to tolerate at least
30 thermal cycles, between operating and room temperatures, over its design life. The unit
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manufactured cost, based upon a production volume of 1,000 units per year, should be estimated
and justified.

Contact: Joseph Stoffa, 304-285-0285, Joseph.Stoffa@netl.doe.gov

27c.  Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Joseph Stoffa, 304-285-0285, Joseph.Stoffa@netl.doe.gov

REFERENCES

1. SECA Website. (URL: www.seca.doe.gov)

2. Fuel Cell Handbook, EG&G Services, Parsons, Inc., 7th Edition, November 2004. (Full text
available at: http://www.netl.doe.gov/technologies/coalpower/fuelcells/seca/refshelf.html )

28. OIL AND GAS TECHNOLOGIES

Much of the resources of oil and natural gas in the U.S. cannot be recovered by conventional
means, and advanced technologies are required for economical and environmentally compliant
extraction. This topic seeks to develop technology that will lead to more efficient production of
oil and natural gas by furthering the development of: (1) innovative tools or methods to reduce
cost, increase recovery efficiency, and /or prevent/mitigate uncontrolled release of well fluids
associated with either conventional or unconventional oil and natural gas reservoir development;
and (2) innovative tools or methods to reduce exploration, processing, and field development
costs — and/or improve recovery efficiency — associated with oil sands, tar sands, oil shale, and
unconventional natural gas (tight gas sands, gas shales, coalbed methane).

Grant applications are sought in the following subtopics:

28a. Development of Petroleum and Natural Gas Fields

Grant applications are sought to develop innovative tools or methods to reduce cost and/or
increase recovery efficiency associated with both conventional and unconventional oil and
natural gas reservoir development. Approaches of interest include, but are not limited to, the
development of (1) down-hole tools and methods that can decrease the time and cost associated
with drilling hard formations, (2) drilling and stimulation methods that reduce the overall
environmental footprint and/or minimize operational fluids handling (especially water use/reuse)
associated with field development, (3) innovative methods to identify and produce bypassed oil
in mature fields, (4) improved reservoir and fracture diagnostics to accurately identify spacing,
direction, and extent of created fractures in horizontal wells, (5) methods for quick response spill
containment and remediation, (6) field testing of new or improved subsurface zonal isolation
methods, (7) improved techniques for remediating Underground Sources of Drinking Water
(USDW) and watersheds affected by oil and gas development, or (8) safety, prevention, and
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mitigation methods or techniques associated with uncontrolled release of well fluids in ultra-
deepwater offshore areas.

Grant applications must include a succinct discussion of the potential technical and economic
advantages of the proposed technology, as compared to existing state-of-the-art systems.

Contact: Albert Yost, 304-285-4479, albert.yost@netl.doe.gov

28b. Enhanced Recovery of Unconventional Resources

Grant applications are sought to develop innovative tools or methods to reduce geological and
geophysical, environmental, processing, and field development costs — and/or improve recovery
efficiency — associated with oil sands, tar sands, oil shale, and unconventional natural gas.

For unconventional oil resources, approaches of interest include methods to (1) reduce the
technical environmental constraints, (2) improve in situ and above-ground processing barriers to
resource development, and (3) improve overall oil recovery efficiency

For unconventional natural gas resources, approaches of interest include (1) new or improved
smart reservoir and full-field development methods, (2) innovative methods to reduce drilling
flat time (non-productive time), and (3) fit-for-purpose drilling rig design or retrofit systems for
high-rate-of-penetration drilling. Proposed approaches must be cost-effective and
environmentally friendly, and should result in high natural gas recovery efficiency across all
producing formations.

Grant applications must include a succinct discussion of the potential technical and economic
advantages of the proposed technology, as compared to existing state-of-the-art systems.

Contact: Albert Yost, 304-285-4479, albert.yost@netl.doe.gov

28c. Other
In addition to the specific subtopics listed above, the Department invites grant applications in
other areas relevant to this Topic.

Contact: Albert Yost, 304-285-4479, albert.yost@netl.doe.gov

REFERENCES

Subtopic a:

1. Applicants may review information about oil and natural gas programs at NETL’ swebsite.
(URL: http://www.netl.doe.gov/technologies/oil-gas/index.html)

2. Applicants may review the draft report entitled “Unconventional Fossil Energy: Domestic
Resource Opportunities and Technology Applications” (URL:
http://www.netl.doe.gov/technologies/oil-
gas/publications/EPreports/UnconventionalFossilEnergy Reportdraft4-23-10v2.pdf)
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Subtopic b:

1. Applicants may review information about oil and natural gas programs at NETL’s website.
(URL: http://www.netl.doe.gov/technologies/oil-gas/index.html)

2. Applicants may review the draft report entitled “Unconventional Fossil Energy: Domestic
Resource Opportunities and Technology Applications” (URL:
http://www.netl.doe.gov/technologies/oil-
gas/publications/EPreports/UnconventionalFossilEnergy Reportdraft4-23-10v2.pdf)

29. CARBON CYCLE MEASUREMENTS OF THE ATMOSPHERE AND THE
BIOSPHERE

Eighty-five percent of our nation's energy results from the burning of fossil fuels from vast
reservoirs of coal, oil, and natural gas. These processes add carbon to the atmosphere,
principally in the form of carbon dioxide (CO,). It is important to understand the fate of this
excess CO; in the global carbon cycle in order to assess contemporary terrestrial carbon sinks,
the sensitivity of climate to atmospheric CO,, and future potentials for sequestration of carbon in
terrestrial systems. Therefore, improved measurement approaches are needed to quantify the
change of CO; in atmospheric components of the global carbon cycle, and to understand
processes and mechanisms of carbon sequestration of the terrestrial biosphere. There is also
interest in innovative approaches for flux and concentration measurements of methane and other
greenhouse gas constituents associated with terrestrial systems.

The “First State of the Carbon Cycle Report (SOCCR)” (Reference 1) provides rough estimates
of terrestrial carbon sinks for North America. A DOE working paper on carbon sequestration
science and technology (Reference 2) also describes research needs and technology requirements
for sequestering carbon by terrestrial systems. Both documents call for advanced sensor
technology and measurement approaches for detecting changes of atmospheric CO, properties
and of carbon quantities of terrestrial systems (including biotic, microbial, and soil components).
Such measurement technology would improve the quantification of CO, , as well as carbon stock
and flux, in the major sinks identified by the SOCCR report (see Figure ES.1 therein).

Grant applications submitted to this topic should (1) demonstrate performance characteristics of
proposed measurement systems, and (2) show a capability for deployment at field scales ranging
from experimental plot size (meters to hectares of land, with comparable dimensions for marine
systems) to nominal dimensions of ecosystems (hectares to square kilometers). Phase I projects
must perform feasibility and/or field tests of proposed measurement systems to assure a high
degree of reliability and robustness. Combinations of stationary remote and in Situ approaches
will be considered, and priority will be given to ideas/approaches for verifying biosphere carbon
changes and for estimating carbon sequestration. Measurements using aircraft or balloon
platforms must be explicitly linked to real-time ground-based measurements. Grant applications
based on satellite remote sensing platforms are beyond the scope of this topic, and will be
declined.
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Grant applications are sought in the following subtopics:

29a. Sensors and Techniques for Measuring Terrestrial Carbon Sinks and Sources
Measurement technology is required to quantify carbon sequestration by natural vegetation and
ecosystems (i.e., carbon sinks) as well as CO, emissions to the atmosphere from natural or
industrial sources. Grant applications are sought to develop sensors and unique measurement
techniques (and associated system technology, if appropriate) to detect and quantify annual net
carbon changes of terrestrial vegetation for large areas, or to measure and verify the magnitude
of CO;, emissions from various sources. Approaches of interest include the development of
sensors to measure fluxes between the atmosphere and land-surface vegetation, new technology
for accurate measurement of soil carbon content and change, and the development of
miniaturized sensors to determine atmospheric CO, concentration.

For the measurement of CO; sinks, the sensor systems or new technology must be applica