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DEPARTMENT OF ENERGY SOLICITATIONS
FOR THE
SMALL BUSINESS INNOVATION RESEARCH
AND
SMALL BUSINESS TECHNOLOGY TRANSFER PROGRAMS

GENERAL INFORMATION AND GUIDELINES

1. DESCRIPTION OF PROGRAMS

11 INTRODUCTION

This document describes two solicitations under which small
businesses are invited to submit grant applications to two
separate Department of Energy (DOE) programs. the Small
Business I nnovation Research (SBIR) program and the Small
Business Technology Transfer (STTR) program. These
annual solicitations, the twenty-first for SBIR and the tenth
for STTR, are issued pursuant to the Small Business
Innovation Development Act of 1982 (Public Law 97-219),
Small Business Innovation Research Program Reauthorization
Act of 2000 (Public Law 106-554), the Small Business
Research and Development Act of 1992 (Public Law 102-
564), and the Small Business Technology Transfer Program
Reauthorization Act of 2001 (Public Law 107-50). Small
businesses with strong research capabilities in science or
engineering in any of the topic areas described in the
Technical Topics section of this document are encouraged to
participate.

The solicitations are presented in a single document because
the two programs are very similar. The major differenceis
that STTR grants must involve substantial cooperative
research collaboration between the small business and a
single non-profit research institution (defined in Section 2.9).
However, it should be noted that the SBIR program aso
permits substantial collaboration between the small business
and other organizations, including non-profit research
institutions. The differenceisthat in SBIR, the collaboration
is optional, while in STTR, the collaboration is required and
must be cooperative in nature. In the rest of the

guidelines, italics will be used to identify information
that pertains exclusively to the STTR program.

The objectives of these programs include increasing private
sector commercialization of technology developed through
DOE-supported R& D, stimulating technological innovationin
the private sector, and improving the return on investment
from federally funded research for economic and social

benefitsto the nation. DOE will support high-quality research
or research and development (R& D) on advanced concepts
concerning important mission-related scientific or engineering
problems and opportunities that are likely to lead to
significant public benefit if the research is successful.

1.2 THREE-PHASE PROGRAMS

These solicitations are for Phase | grant applicationsonly, but
this document describes some aspects of Phase Il grants as
reference information.

Phase |: Phase | grant awards from these competitions will
be made during fiscal year 2003 to small businesses, in
amounts up to $100,000. The duration of Phase | will be nine
months. Phase | is to evaluate, insofar as possible, the
scientific or technical merit and feasibility of ideas that appear
to have commercia potential. The grant application should
concentrate on research that will contribute to proving
scientific or technical feasibility of the approach or concept.
Success in Phase | is a prerequisite to further DOE support
in Phase I1.



Phase II: Phase Il is the principal R&D effort, and only
Phase | grantees will be eligible to compete for subsequent
Phase Il continuation of their Phase | projects. Phase Il
awards are expected to be made during fiscal year 2004 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 $750,000 and
cover a period of up to 24 months. Funds will be alocated
over a two-year period. It is anticipated that one-third to
one-half of Phase | awardees will receive Phase |l awards,
depending on Phase | results and availability of funds.
Instructions for preparing a Phase Il grant application will
be provided to al Phase | grantees through a posting on the
SBIR/STTR website. The work proposed for Phases | and
I1, assuming that it proceeds successfully, should be suitable
in nature for subsequent progression to Phase 111.

Phase I11: Under Phase Ill, it is intended that non-SBIR
capital be used by the small business to pursue commercial
applications of the R&D. That is, the SBIR/STTR funding
paysfor research or R& D meeting DOE objectivesidentified
by the DOE (Phases | and I1); non-SBIR capital provides
follow-on developmental funding to meet commercid
objectives (Phase I11). 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. In some cases, these follow-on grants or contracts
could be sole source awards since they represent a
continuation of SBIR or STTR projects that were
competitively selected in Phases | and Il by
scientific/technical review criteria

1.3 PHASE Il COMMERCIAL
COMMITTMENT AND PHASE llI
FOLLOW-ON FUNDING

An important goal of these programsisthe commercidization
of DOE-supported research or R&D. Following the start of
Phase |, awardees whose research or R& D has identifiable
potential to meet market needs are encouraged to seek
commitments from private sector or Federal non-
SBIR/STTR funding ®urces for both Phases |1 and IIl.
(See Evauation Criterion 3 in Section 4.3) The
commitments should be obtained prior to the Phase |1
grant application submission. The commitment for Phase
Il may be made contingent on the DOE-supported research
or R& D meeting some specific technical objectivesin Phase
I1, which, if met, would justify funding to pursue further
development for commercial purposesin Phase lIl.

1.4 ELIGIBILITY

Only small businesses, as defined in Section 2.3, are eligible
to receive SBIR/STTR awards. Joint ventures as defined in
Section 2.8 are also permitted, provided the entity created
also qualifies as a small business in accordance with the
definition in Section 2.3, Wholly owned subsidiaries are not
eligible to apply; however, their parent company may apply
as long as the parent, subsidiaries included, quaifies as a
small business.

The research or R& D must be performed in the United States
for both Phases | and Il. "United States' means the 50
states, the territories and possessions of the United States,
the Commonwealth of Puerto Rico, the Trust Territory of the
Pecific Idands, and the District of Columbia

1.5 RESTRICTIONS

1.5.1 Restrictions on Submitting Applications

a Choice of Topic and Subtopic — Each grant
application must be submitted to only one topic and,
within it, to only one subtopic asdescribed in the Technical
Topics section. DOE will not assign atopic 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.

b. 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. Thelanguagein both
the topic introductions and the subtopics should be
taken literally. Applicationsthat do not directly address
the subtopic statement will be declined for non-
responsiveness, and will not be peer reviewed.

c. Duplicate Applications — Duplicate grant
applications, even if submitted to different topics and/or
subtopics, will be rejected without review. The application
received first in time will be accepted for evaluation.

d. Multiple Applications — There is no limit on the
number of different grant applications that a small business
may submit, even to the same subtopic.

e. Similar Applications-- Similar grant applicaionsin
which some of the tasks overlap (e.g., the same technology
used for different purposes), may be submitted. However, no



mor e than one such similar grant application will be funded
as a result of these solicitations. If a grant application has
tasks which overlap with those in another grant application,
the applicant must so indicate by answering “Y” for yes on
Question #6 on the grant application cover page, Appendix
A, and by providing the information required by Section
3.34.

f. Grant Applications Being Considered for Other
Funding — If a grant application submitted in response to
these solicitations contains a significant amount of essentially
equivalent work as one that has been previously funded by,
has been submitted to, or is about to be submitted to, another
Federal agency, or to another DOE program, the applicant
must so indicate by answering "Y" for yes for Question #6
on the grant application cover page, Appendix A, and by
providing the information required by Section 3.3.4. If an
award is made pursuant to a grant application submitted
under these solicitations, the grantee will be required to
certify that neither the grantee organization nor any of its
employees have previously been, nor are currently being paid
for essentidly equivalent work by an agency of the Federal
Government.

In the event the same or similar work is selected for funding
by two or more agencies, the agencies, in consultation with
the applicant, will determine the awarding agency.

1.5.2 Restrictionson the Principal Investigator

The Principa Investigator (Pl) is the key individua
designated by the applicant to direct the project. The Pl
must be knowledgeable in al technical aspects of the grant
application and be capable of leading the research effort.
Becausethe DOE'sevaluation of thegrant application is
critically dependent on the qualifications of the PI,
changes in the PI that are made after award selection
are strongly discouraged. Requestsfor Pl changes will
be closely scrutinized and infrequently approved, and
may cause delaysin grant execution.

The PI’'s primary employment must be with the small
business at the time of award and during the conduct of
the proposed research. Primary employment means that
more than one-half of the Pl'stime, but no less than 20 hours
(average) per week, is spent in the employment of the small
business during the conduct of the project. Primary
employment with a small business precludes full-time
employment with another organization. However, it is
acceptable for the Pl to be on an unpaid leave-of-absence
from another organization during the conduct of theresearch
project. In addition, the PI is expected to devote to the

project a considerable part of his or her time (at least 195
hours for both SBIR and STTR Phase | projects, or a
minimum of five hours per week for the duration of the
project). Also, the source of the Pl's compensation for work
on the project must be the small business. In order to ensure
appropriate technical guidance for the project, only one Pl
will be accepted per project; co-Pls will not be accepted.
Before the grant is awarded, the Pl will be required to sign a
statement certifying adherence to all these requirements.

153 Regtrictions on the Leve of Smdl
Business Participation

For both SBIR and STTR, there are requirements on the
amount of the funded research or analytical effort that must
be performed by the small business (see also Section 3.3.5.a)
in order to be selected for and to receive a grant. The funded
research or analytical effort is defined as the total requested
funding minus the cost of any purchased or leased
equipment, materias, and supplies (whether purchased by the
applicant, a research institution, or by any other
subcontractor). 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.

To be awarded an SBIR grant, a minimum of two-thirds of
the funded research or analytical effort must be allocated to
the small business applicant during Phase | ; correspondingly,
a maximum of one-third of the effort may be allocated to
consultants or subcontractors. (In Phase I, up to one-haf
of the effort may be allocated to consultants or
subcontractors).

To be awarded an STTR grant, at least 40% of the funded
research or analytical effort must be allocated to the small
business, and at least 30% of the effort must be allocated to
a single non-profit research institution (as defined in Section
2.8). (The same requirement is applicable for both Phase |
and Phase 11.)

Grant applications that include a substantial amount of
cooper ative research collaboration with a single non-
profit resear ch institution can be considered for funding
in both programs, thereby increasing the chances of
winning an award. The required dollar amount for the
research institution (RI) depends on the amount of material,
equipment, and suppliesin the budget. However, it isunlikely
that STTR requirements can be satisfied unless the
subcontract for the RI is at least $15,000. Applicants can
indicate their interest in being considered for both programs
by checking the appropriate box on the grant application



cover page, Appendix A. If you chooseto beconsidered in
both programs, prepare the grant application to meet
the requirements of the SBIR program. It isunderstood
that because some requirements differ for the two programs
adjustments may be required after the grant application is
selected for award. These adjustments will be addressed
during the negotiation period before the grant begins.

1.5.4 Restrictionson the Management of SBIR/STTR
Projects

The small business, not a subcontractor (including the
research institution in STTR), must exercise management
direction and control of the performance of the SBIR or
STTR funding agreement. Regardless of the proportion of
the work or funding of each of the performers under the
grant, the small businessis the primary grantee with overall
responsibility for the grant's performance. It is
recommended that all agreements between the small business
and any subcontractor (including the research institution
collaborating in an STTR project), including any business
plan concerning agreements and responsibilities between the
parties, or for the commerciaization of the resulting
technology, reflect the controlling position of the small
business during the performance of Phasel or Phase Il.

1.6 SUPPORT FROM NATIONAL
LABORATORIES, UNIVERSITIES,
AND OTHER RESEARCH
INSTITUTIONS

1.6.1 Identifying Institutions

Experts at institutions such as DOE contractor-operated
national |aboratories, universities, colleges, or other research
institutions, may be consulted during the preparation of the
grant application. Any of these institutions may also serve as
asubcontractor 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 Section 2.9). 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 fundsto
the research institution.

Some DOE laboratories have identified technical topics for
which they have expertise and available services. A list of
these National Laboratory Collaboration Opportunities is
available on our web page at www.science.doe.gov/shir.
Also, inquiries may be made at a loca library to locate
supporting expertise or facilities from an appropriate
university or other research ingtitution to assist with the
proposed project. For help in contacting personnel at DOE
and other Federal agency laboratories, see the Federa
Laboratory Consortium (FLC) Website a
http://www.federallabs.org , or contact the FLC Locator:

Mr. Frank Koos or Mr. Sam Samuelian

950 N. Kings Highway, Suite 208

Cherry Hill, NJ 08034

Phone: (856) 667-7727

FAX: (856) 667-8009

E-mail: fkoos@utrsmail.com
ssamuelian@utrsmail.com

1.6.2 Assurance of Need for a Federal Laboratory
Subcontract

If an application selected for award under the SBIR program
includes a subcontract to a Federally-owned, contractor-
operated lab (such as Argonne Nationa Laboratory), the
SBIR office will provide the awardee with the necessary
assurance document along with the award notification | etter.

1.6.3 DOE User Facilities

The Department of Energy operates a number of specialized
facilities to enable scientists to carry out experiments that
could not be done in the laboratories of individuals. These
facilities include synchrotron radiation light sources
(Advanced Light Source, National Synchrotron Light Source,
Advanced Photon Source, and Stanford Synchrotron
Radiation Laboratory), high-flux neutron sources (High Flux
Beam Reactor, Intense Pulsed Neutron Source, High Flux
I sotope Reactor, and Neutron Scattering Center), electron-
beam microcharacterization centers (Center for the
Microanalysis of Materias, Electron Microscopy Center,
Shared Research Equipment Program, and National Center
for Electron Microscopy), particle and ion accelerators
(Relativistic Heavy lon Collider, Continuous Electron Beam
Accelerator Facility, Argonne Tandem Linac Accelerator
System, Lawrence Berkeley National Lab 88-1nch Cyclotron,
Holifield Radioactive lon Beam Facility, the Bates Linear
Accelerator Center at MIT), and other specialized facilities
(Surface Modification & Characterization Research Center,
Combustion Research Facility, James R. MacDonad
Laboratory, Pulse Radiolysis Laboratory, and Materids
Preparation Center).



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 Phases | or I1.
For approved experiments (access to these facilities is
through a peer-reviewed system), operating timeis 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 al technical data generated as proprietary,
and the user may take title to any inventions resulting from
the research. Additional details on program dedicated user
facilities may be found at the following websites:
http://www.er.doe.gov/production/bes/BESfacilities.htm for
facilities supported by the Office of Basic Energy Sciences,
http://www.sc.doe.gov/producti on/ober/facilities.html

for facilities supported by the Office of Biological and
Environmental Sciences. Information on other laboratory
facilities which may be available on a case by case basis may
be obtained through the FLC Locator or directly from the
DOE laboratory involved.

1.7 AGREEMENTS WITH
RESEARCH INSTITUTIONS AND
OTHER SUBCONTRACTORS

1.7.1 Property and Commercidization Rights
Agreements

It isin the small business's best interest, when collaborating
with a research ingtitution or other subcontractor, 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
ingtitution 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, which may be found at
http://www.science.doe.gov/shir/Solicitations/FY %202002/
model.htm, may be used or revised through negotiation
between the small business and the research ingtitution. 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 ingtitution. However, applicants are
reminded that nothing in such agreements should conflict

with any provisions setting forth the respective rights of the
United States and the small business with respect to both
intellectua property rightsand any rightsto carry out follow-
on research.

1.7.2 Cooper ative Resear ch and
Development Agreements

SBIR/STTR grant recipients who choose a DOE
laboratory as a subcontractor may be required to
implement a Cooperative Research and Development
Agreement (CRADA). CRADAs are collaborative
research agreements between DOE laboratories and
their partners, and are approved by the appropriate
DOE Operations Office. In many cases, the CRADA
could be used as a vehicle for the property and
commercialization rights agreement required by the STTR
program (Section 1.7.1).

Immediately after the applicant small business is
notified that it has been chosen for an SBIR/STTR
grant award, the company should contact the
laboratory 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.

Implementation of a CRADA begins with project
definition and milestones, and leads to a statement of
work. Standard terms and conditions, with a total of 60
options to provide maximum flexibility, are available
from the laboratory for use by partners and
laboratories. A streamlined, short-form CRADA
document that can reduce the need for legal review is
also available.

1.7.3 Work-for-Others Agreements

"Work-for-Others" agreements are used by DOE nationa

|aboratories 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 work-for-others 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.

1.7.4 When to Negotiate these Agreements

It is recommended that small business applicants to the



SBIR/STTR programs attempt, to the maximum extent
practicable, to negotiate these agreements before submitting
the grant application. It is during this period that the small
business will have maximum leverage in conducting
negotiations. If satisfactory terms 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 sel ected for award, the small
business may be locked-in to the subcontractor identified in
the grant application. Also, after selection for avard, there
would only be a short time available for conducting these
negotiations before the grant would begin.

1.8 CONTACT WITH DOE

Questions about the DOE SBIR/STTR programs may be
addressed to the SBIR/STTR Program Office, SC-32/
Germantown Building, U.S. Department of Energy, 1000
Independence Ave., SW., Washington, D.C. 20585-1290,
telephone (301) 903-1414, e-mail: shir-sttr@science.doe.gov.
Requests to be added to the natification list for future DOE
SBIR/STTR solicitations should be forwarded to the
SBIR/STTR Program office as mentioned above, by calling
the DOE SBIR/STTR hotline

on (301) 903-5707, or by submitting your request on-line a
the SBIR/STTR website: http://www.science.doe.gov/shir .
For reasons of competitive fairness, communications with
DOE personnd regarding this solicitation are limited to
non-technical matters and to clarifying specific language in
the solicitation. Further interpretations of the narrative
descriptions of the technical topics will not be provided.
However, the staff of DOE national [aboratories, universities,
or other research institutions may provide assistance, or may
even enter into an agreement to participate in a grant
application, as described in Section 1.6.

No information on grant application status will be available
until the final selections have been made (approximately four
months after the closing date of the solicitation). However, if
a grant application acknowledgment letter, with an assigned
grant application number, is not received from DOE within
three weeks of the closing date, the applicant should
telephone (301) 903-1414.

2. DEFINITIONS

The following definitions apply for purposes of this
solicitation:

2.1 RESEARCH OR RESEARCH
AND DEVELOPMENT

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.

2.2 INNOVATION

Innovation is the process of introducing new ideas into use,
or the process of introducing novel uses of existing ideas.

2.3 SMALL BUSINESS

A small business is one that at the time of award of Phase |
(and of Phase I, if awarded):

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

(2) is in the legd form of an individua 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
percent participation by foreign business entities in the joint
venture;

10



(3) isat least 51 percent owned and controlled by one
or more individuals who are citizens of, or permanent
resident aliens in, the United States, except in the case
of ajoint venture, where each entity to the venture
must be 51
percent owned and controlled by one or more individuals
who are citizens of, or permanent resident aliens in, the
United States; and

(4) has, including its affiliates, not more than 500 empl oyees.

2.4 SOCIALLY AND ECONOMICALLY
DISADVANTAGED SMALL
BUSINESS

A socially and economically disadvantaged small businessis
one:

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

b. 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. Black Americans, Hispanic Americans,
Native Americans, Asian-Pacific Americans, Subcontinent
Asian Americans, other groups designated from timeto time
by the Small Business Administration (SBA) to be socialy
disadvantaged, or any other individua found to be socialy
and economically disadvantaged by SBA pursuant to section
8(a) of the Small Business Act, 15 U.S.C. 637(d).

Rdated information regquested in Appendix D, "Application
Checkligt," is provided to the Small Business Administration
for statistical purposesand isnot considered in the evaluation
of grant applications or award of grants.

2.5 WOMAN-OWNED
SMALL BUSINESS

A woman-owned small businessisasmall businessthat is at
least 51 percent 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.

Related information requested in Appendix D, "Application
Checkligt," is provided to the Small Business Administration
for statistical purposesand isnot considered in the evaluation
of grant applications or award of grants.

2.6 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 origina
grant award.

2.7 HUBZONE

A “Hubzone” is a "historicaly underutilized business zone".
Tofind out if your businessisin aHubzone, use the mapping
utility provided by the Small Business Administration at its
Hubzone Contracting web site
https://ewebl.sba.gov/hubzone/internet/general /findout.cfm

Related information requested in Appendix D, "Application
Checkligt," is provided to the Small Business Administration
for statistical purposesand isnot considered in the evaluation
of grant applications or award of grants.

2.8 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 solicitation, the new
entity must qualify as a small business, as defined in Section
2.3. If ajoint venture is selected for award, the Contract
Specidist from the Contracting Office will request a signed
agreement from the parties involved. The agreement must
state which company will negotiate the grant and serve asthe
main point of contact.

2.9 RESEARCH INSTITUTION

A research ingtitution is a U.S. research organization that is:

a A non-profit research institution as defined in section
4(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

b. A non-profit college or university, or
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c. A non-profit medical or surgical hospital, or

d. A contractor-operated federaly-funded research
and development center (FFRDC), as identified by the
National Science Foundation in accordance with the
government-wide Federal Acquisition Regulations issued in
accordance with section 35(c) (1) of the Office of Federal
Procurement Policy Act (or any successor legislation
thereto). Department of Energy FFRDCs include Ames
Laboratory, Argonne National Laboratory, Brookhaven
National Laboratory, Fermi National Accelerator Laboratory,
Idaho National Engineering Laboratory, Lawrence Berkeley

National Laboratory, Lawrence Livermore Nationd
Laboratory, Los Alamos National Laboratory, Nationa
Renewable Energy Laboratory, Oak Ridge Institute for
Science and Education, Oak Ridge National Laboratory,
Pacific Northwest Laboratory, Princeton Plasma Physics
Laboratory, Sandia National Laboratories, Savannah River
Technology Center, Stanford Linear Accelerator Center, and
the Thomas Jefferson National Accelerator Facility.

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

3. PREPARATION INSTRUCTIONS AND REQUIREMENTS
FOR GRANT APPLICATIONS

3.1 GENERAL REQUIREMENTS

Grant applications, submitted to DOE under SBIR/STTR
programs, must provide sufficient information to convince
DOE, and members of the research community who review
the grant application, that the application is responsive to the
topic and subtopic under which it is submitted, that the
proposed work represents a sound approach to the
investigation of an important scientific or engineering
guestion, and that it is worthy of support under the stated
criteria. The grant application should describe self-contained
research that will contribute to proving scientific or technical
feashility of the approach or concept. It should be written
with the care and thoroughness accorded papers for
publication--direct, concise, informative, and free from
grammar, typographical, and spelling errors. Illustrationsand
charts should be clearly labeled and correctly referenced in
the text. Promotional and non-project-related discussion
detracts from the professiona quality of the proposal. The
work proposed for Phase |, assuming that it proceeds
successfully, should be suitable in nature for subsequent
progression to Phases Il and I11.

Technica reviewers will base their conclusions only on
information contained in the 25 pages of the grant
application. Do not assume that reviewers are acquainted
with the small business, key individuas, or any theory or
experiments referred to, but not described. (This includes
material in refereed professional journals--thosein which the
articles have been subjected to peer review, and material
referenced on internet web pages). Relevant journal articles
should be summarized in the grant application. Attached

videos, CDs, other media, or web links, will not be
reviewed.

Specifically excluded from this solicitation are grant
applications principally for literature surveys, for
compilations of the work of others, for technical
assessments, or for technical status surveys. If any of these
types of tasks are included in the work plan, the grant (if
awarded) may be reduced in proportion to that effort. In
addition, grant applications primarily for the development of
already proven concepts will be declined, because such
efforts are considered the responsihility of the private sector.

Narrative descriptions of 47 technical topics are provided in
the Technical Topics section. Each technical topic is
subdivided into amaximum of 4 subtopics, designated by the
lettersa, b, ¢, or d. A grant application must respond toa
specific technical topic and, within it, to only one
subtopic, asrequired in Section 1.5.1.b. For example, an
applicant submitting a grant application to topic 4a may not
submit the same grant application to any other topic and
subtopic.

3.2 25-PAGE LIMITATION

Grant applications are limited to 25 consecutively numbered
pages stapled together, including cover page, project
summary page, main text, references, resumes, budget, and
any other enclosures or attachments. The checklist



(Appendix D) and thelevel of effort worksheet (Appendix D
backside) are not included in the 25-pagelimitation. Grant
applications containing more than 25 pages will not be
considered for review or award. The pages must be of
standard 81/2" x 11" size (21.6 cm x 27.9 cm). For
proportionally spaced fonts, the type can be no smaller
than 12 point, and for non-proportionally-spaced fonts,
the type can be no smaller than 12 characters per inch
(elite). Marginsare not to belessthan 1inch (2.5 cm).
VCR tapes, CDs, or eectronic disks will not be accepted.
The listing of multiple Phase Il awards, which may be
required by Section 3.3.7, is exempted from the 25-page
limitation.

3.3 PHASE | GRANT APPLICATION
FORMAT

Theitems listed in this section should be covered fully and in
the order set forth. In following this format, applicants
should keep in mind that their grant application will be
evaluated with respect to the criteria listed in Section 4.2.
The application should be written so as to convince the
technical reviewersthat each of the criteriahas been met to a
high degree.

3.3.1 Introductory Pages

a Cover Page — Complete the form identified as
Appendix A in the solicitation. Detailed instructions are
provided on the back of Appendix A. Thisisto be the first
page on each of the required 6 copies and one origina of
your grant application. No other cover page is permitted.
Please do not use plastic or other heavy material covers
or bindings as they slow processing of your application.

Both the topic number and subtopic letter must be
entered in the appropriate spaces on the cover page.
Failure to identify both the topic and subtopic on the
cover pagewill causethegrant application to bedeclined
without further review.

Be sure to answer the yes/no question about collaboration
with aresearch institution. For those that check "yes," you
must indicate whether the grant application should be
considered for SBIR, STTR, or both programs. For grant
applications that are to be considered for both SBIR and
STTR, refer to Section 1.5.3. for guidance with respect to
conforming to the separate requirements for the two
programs.

Applicants must provide answers to al eight Certifications
and Questions. An answer of "Yes' to Certifications 1
through 3 is required to participate in the SBIR/STTR
programs. If the DOE learns from any source that any of
these certifications were completed fraudulently, appropriate
authoritieswill be notified for possible criminal investigations.

Signatures of the Principal Investigator and the
Corporate/Business Authorized Representative are mandatory.

Also, for those grant applications that have significant
collaboration with a research institution (including all grant
applications to be considered for STTR), a signature is
required from a person authorized to commit the research
institution to participate in the project described in the grant
application.

b. Project Summary — Complete the project summary
form identified as Appendix B, and include it as Page 2 of
your application. Make sure the topic and subtopic match
those listed on the cover page. Since this summary may be
made public by DOE (regardless of whether the proposal is
selected for award), do not include proprietary
information on thispage. Thisform should be neat, clean,
and typewritten.

The purpose of the technical abstract isto communicate the
overall sense of the project, not every step of the work plan.
Statements of future applications or public benefits belong in
the section on Commercia Applications and Other Public
Benefits. Do not use acronyms, abbreviations, first-
person references, or any proper names (including the
name of the small business), any subcontractors or
institutions, or any trade or product name.

The Department notifies members of Congress of awardsin
their districts. Therefore, please provide, in clear and
concise layman'sterms, avery brief summary of the project
(maximum 2 sentences, 50 words), suitable for a possible
press release from a Congressiona office. Suggested
Format: First Sentence -State the problem being addressed
so that the DOE interest is clear. Second Sentence--State
what is being done to address the problem.

3.3.2 Significance and Background Information, and
Technical Approach

a ldentification and Significance of the Problem or
Opportunity, and Technical Approach — (Begin on page 3
of your grant application.) Define the specific technical
problem or opportunity addressed by your application.
Provide enough background information so that the
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importance of the problem/opportunity is clear. Indicate the
overall technical approach to the problem/opportunity and the
part that the proposed research plays in providing needed
results.

b. Anticipated Public Benefits — Discuss the
technical, economic, social, and other benefits to the public
as a whole anticipated if the project is successful and is
carried over into Phases I and Il1. Identify specific groups
in the commercial sector as well as the Federal government
that would benefit from the projected results. Describe the
resultant product or process, the likelihood that it could lead
to a marketable product, and the significance of the market.

3.3.3 ThePhasel Project

a.  Technical Objectives— State the specific technical
objectives of the Phase | effort, including the questionsit will
try to answer to determine the feasibility of the proposed
approach.

b. Phasel Work Plan—Providean explicit, detailed
description of the Phase | research approach and work
to be performed. Indicate what will be done, by whom
(small business, subcontractors, research institution, or
consultants), whereit will be done, and how the work will be
carried out. If applicant is making a commercial
contribution to the project, please describe in detail
here. The Phase | effort should attempt to determine the
technical feasibility of the proposed concept which, if
successful, would provide afirm basisfor the Phasell grant
application.

Link the work plan to the objectives of the proposed project.
Discuss the methods planned to achieve each objective or
task explicitly and in detail. This section should be a
substantial portion of the total grant application.

Phase | Performance Schedule — Briefly describe the
important milestones and the estimated percentage of time for
completing each task described in the work plan.

c. Related Research or R& D — Demonstrate know-
ledge of key recent work conducted by othersin the specific
area of the proposed project. If not aready addressed in
Sections 3.3.2.a, or 3.3.3.b, describe significant research that
is directly related to the grant application, including any
conducted by the Principal Investigator or by the applicant
organization. Describe how it relates to the proposed effort
and any planned coordination with outside sources.
Applicants should be or become familiar with the references
provided following each topic in this solicitation.

d. Principal Investigator and other Key Personnel —
The Principal Investigator (Pl) must be knowledgeablein all
technical aspects of the grant application and be capable of
leading the research  effort. A resume of the PI, including a
list of publications (if any), must be included. It isimportant
that the requirements described in Section 1.5.2 concerning
the Pl be met explicitly. Also identify other key senior
personnel involved inthe Phasel effort including information
on directly related education and experience. List relevant
publications by key personnel.

e. FacilitiedEquipment — Describe available
equipment and physical facilities necessary to carry out the
Phase | effort. Equipment is defined as an article of tangible,
nonexpendable, personal property, including exempt
property, charged directly to the award, having a useful life
of more than one year, and an acquisition cost of $5000 or
more per unit. Items of equipment to be leased or purchased
must be described and justified in this section. Title to
equipment purchased with SBIR/STTR funds isprovisondly
vested with the grantee and may be permanently vested with
the grantee at DOE’s option. Awardees wishing to obtain
title should contact their Contract Specialist prior to project
completion for the procedure to follow.

If the equipment, instrumentation, and facilities are not the
property of the applicant and are not to be purchased or
leased, the source must be identified and their
availability and expected costs specifically confirmed in
this section. A principal of the organization that owns or
operates the facilities / equipment must certify regarding the
availability and cost of facilities/equipment and any associated
technician cost; a copy of this certification must be
submitted as part of the grant application.

To the extent possiblein keeping with the overall purposes of
the program, only American-made equipment and products
should be purchased with financial assistance provided under
both Phase | and Phase Il awards.

f. Consultants and Subcontractors

(i) Research Institution — If the grant application
contains substantial collaboration with anon-profit research
institution (required for STTR), (1) identify the research
institution and (2) describe in detail the work to be done by
this institution in the Work Plan section. The research
institution will be a subcontractor to the small business
applicant. A research ingtitution official’s signature on the
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cover page commits the institution to participate in the
project as described in the grant application.

(i) Other Consultants and Subcontractors —
Involvement of consultants or subcontractorsin the planning
and research stages of the project is permitted provided the
work isperformed in the United Statesand subject to the
limitations in Section 3.3.5.a. If consultants and/or
subcontractors are to be used, this section must identify
them and should reference "L etters of Commitment" provided
to the applicant by the consultants and/or subcontractors and
submitted as part of the application. The lettersmust provide
adetailed cost estimate for the consultant or subcontractor,
as well as a specific statement certifying that they have
agreed to serve in the manner and to the extent described in
the Work Plan section of the grant application. Each letter
must be signed by the consultant him/herself, or, for a
subcontractor, by an individual authorized to represent the
subcontractor. Note: Consultants are not employees of either
the small business or any subcontractor.

3.34 Similar Grant Applications, Proposals, or
Awards

While it is permissible, with natification in the proposa or
grant application, to submit identical proposals or proposals
containing asignificant amount of essentialy equivaent work
to more than one federal agency, it is unlawful to enter into
contracts or grantsin which essentially equivalent effortsare
performed. If a grant application contains work that has
been previously funded, or iseither funded, pending, or about
to be submitted to another Federal agency or to the DOE ina
separate action, the applicant must provide the following
information in the grant application:

#z The name and address of the agency(s) to which a
proposal or grant application was submitted, or will be
submitted, or from which an award is expected or has
been received.

#% The date of submission or the date of award.

&5 Thetitle of the grant application.

# The name and title of the project manager or Principal
Investigator for each proposal or grant application
submitted or award received.

£ The number and date of the solicitation under which the
application or award was received.

z# The title of the specific research topic to which the
application or award was submitted.

In the event that a proposal or grant application is selected
for award by more than one agency, a negotiation will be
conducted among the parties to avoid duplication of effort.

3.3.5 Budget

Complete the Grant Application Budget form, Appendix C,
for the Phase | effort only, including costs for all parties.
Incorporate the copy of the budget form that bears the
origina signature into the copy of the grant application that
bears the original signatures on the cover page. The budget
form should be the last page of the grant application.
No other budget form is permitted. A sample budget page is
provided along with Appendix C.

a. Under SBIR Phasel, aminimum of two-thirds of
the funded research or analytical effort must be
performed by the proposing firm. (In Phase Il, the
minimum is one-half.) For STTR, Phases | and II, a
minimum of 4% of the funded research or analytical
effort must be performed by the small business, and at least
30% of the work must be performed by one research
institution. You may not use two research institutions to
meet the 30% requirement. The funded 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,
the research institution, or any other subcontractor). For
grant applications that are to be considered for both SBIR
and STTR, refer to Section 1.5.3 for guidance with respect
to conforming to the separate requirements for the two
programs. A worksheet is provided on the reverse side of
the Checklist (Appendix D) to assist in cal culating the percent
of the funded research and analytical effort allocated to each
participant. This worksheet must be completed and
submitted with the grant application. A completed
example is also provided, following Appendix D. Applicants
are encouraged to contact the SBIR/STTR officeif there are
guestions about this worksheet (301-903-0569).

b. Although there is no absolute cap on indirect costs,
grant applications will be evaluated for overall economy and
value to DOE.

c. All employee labor costs of the applicant must be
included in Section A of the budget form and all key
employees of the applicant participating in the Phase | project
must be identified by name. None of the small business
personnel can also be consultants or employees of a
subcontractor.

d. Theprincipa investigator must spend aminimum of

195 hours, or five hours per week, on the project (see
Section 1.5.2).
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e. Use Section B of the budget form to identify
consultants.  Consultants are not employees of either the
small business or any subcontractor (including the research
institution for STTR). Consultant costs are not considered
part of the small business's research or analytical effort
(Section 3.3.5a).

f.  Equipment budgets may be included under Phase |
(and Phase 11). Equipment to be leased or purchased by the
small business should be listed in sections C and D and will
be carefully reviewed relative to need and appropriateness for
the research or R& D proposed. Equipment is defined as an
article of tangible, nonexpendable, personal property,
including exempt property, charged directly to the award,
having a useful life of more than one year and an acquisition
cost of $5000 per unit or more.

g. Travel funds, line E, must be justified and related to
the needs of the project. Travel expenses for technical
conferences are not permitted unless the purpose of attending
the conference directly relates to the project (e.g., to present
results of the project). Foreign travel is not an
appropriate expense.

h. In Section F, include only items which are to be
acquired from outside the small business. Identify the
research ingdtitution, if any, on line F5 and any other
subcontractorsonline F6. Online F6, identify separately the
amount of subcontract work to be performed by each
subcontractor. A detailed budget for each subcontract
should be described on a separate "Budget Explanation Page.”
In particular, the amount of any equipment, materials, and
supplies to be purchased or leased by each subcontractor
must be identified on the Budget Explanation page.

i. Phasel (and Phasell) grants may include aprofit or
fee for the small business, and this amount should appear on
line J.

j.  Thetotal Federa cost of the project (line | plusline
J) should equal the amount of Federal funds requested and
cannot exceed $100,000. Any commercial contribution to
the project should be described in the text of the proposal
(see section 3.3.3b) but not reflected on the budget page.

k.Tuition costs are not acceptable costs and must not be
included in the budget.

. The government will only pay alowable costs.
These are available from the World Wide Web at ste
http://www.arnet.gov/far/loadmain.html or a copy may be
purchased from the Superintendent of Documents, U.S.
Government Printing Office, P.O. Box 371954, Pittsburgh,

PA 15250-7954. Telephone: 202-512-1800. Fax: 202-512-
2250.

Note: |f your application is accepted for award, the
contracting office may need additional supporting
information. That office will provide you with specific
instructionsregarding theinformation to be submitted.

3.3.6 Certifications
If selected for an award, applicants will be required to sign

and submit all of the following certifications directly to the
DOE Contract Specialist during award negotiation.

a Principal Investigator Certification

b. Assurance of Compliance

c. Lobbying, Debarment, Suspension, and Other
Responsibility Matters and Drug Free Workplace
Requirements

d. Property and Commercialization Rights Agreement
Certification

For your information, samples of these certifications are
available on the Web http://www.science.doe.gov/shir under
FY 2003 Salicitation, certifications. Do not include them
with the application.

3.3.7 Addendum: Documentation of Multiple SBIR
Phase Il Awards

Public Law 102-564 requires that a small business that
submits an SBIR Phase | grant application and has aready
received morethan 15 Phase |l SBIR awards, astotaled from
all Federal agencies with SBIR programs, during the
preceding five fiscal years, must document the extent to
which it was able to secure Phase Il funding to develop
concepts resulting from previous Phase |l awards.
Accordingly, such small business concerns shall submit, for
each SBIR Phase Il award, the name of the awarding
agency, the date of the award, the funding agreement
number, the funding amount, the topic or subtopic title, the
amount of follow-on funding, the source and the date that the
follow on funding was provided, and the current
commercialization status. Thisrequired information will
not be counted towar d the grant application limitation of
25 pages, and should be prepared on aseparate page with the
heading "Addendum--Phase Il History." Only one copy is
necessary, and it should be attached to the origina
application.

3.3.8 Checklist and Statistical | nformation
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Complete both sides of the Checklist in Appendix D and
submit one copy with the grant application. The Checklist
will not be counted in the 25-page limitation of the grant
application. Read this checklist carefully to assure that a
submission is not declined for administrative or budgetary
reasons which could have been prevented. Thereverse side

of the Checklist is to assist the applicant in complying with
the level of effort requirements discussed in Section 3.3.5.a.
Be sure to complete the statistical information at the bottom
of the Checklist form (Appendix D). This information is
required by the Small Business Administration for statistical
purposes, will not be revealed to the reviewers, and will play
no role in the grant application evaluation process.

4. METHOD OF SELECTION AND EVALUATION CRITERIA

4.1 INTRODUCTION

Phase | grant applications will be judged on a competitive
basisin severd stages. All will be screened initially by DOE
to ensure that they (1) meet stated solicitation requirements,
(2) are responsive to the topic and subtopic entered on the
cover page (see definition of responsiveness in Section
1.5.1), (3) contain sufficient information for a meaningful
technica review, (4) are for research or for research and
development, and (5) do not duplicate other previous or
current work. Grant applicationswhichfail to passtheinitia
screening will be declined without further review.

Grant applications found to be in compliance with those
requirements will be evaluated technically by scientists or
engineers to determine the most promising technical and
scientific approaches. Each grant application will be judged
competitively against the Phase | evaluation criteria (see
Section 4.2) on itsown merit.  Final decisionswill be made
by DOE based on the evaluation criteria and consideration of
other factors, such as program balance and needs.

4.2 EVALUATION AND SELECTION
CRITERIA-PHASE |

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

1. 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.

2. Ability to Carry out the Project in a Cost Effective
Manner as evidenced by (1) the qudifications of the
Principa Investigator, other key staff, 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.

3. 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.

The DOE will not fund any grant application for which there
is a reservation with respect to any of the three evaluation
criteria, as determined by the review process. In addition,
because the DOE supports only high quality research and
development, grant applications will be considered candidates
for funding only if they receive strong endorsements with
respect to at least two of the three criteria. From those grant
applications considered candidates for funding, each of the
participating DOE program areas will select up to a pre
determined number for funding.  (The pre-determined
number is proportional to a program area’s monetary
contribution to the SBIR/STTR programs.) Therefore, grant
applications are largely in competition with other grant
applications submitted to technical topics from the same
DOE technical program area.

4.3 EVALUATION CRITERIA-
PHASE I

Detailed instructions regarding Phase Il grant application
submission will be provided by DOE to al Phase | awardees.
A Phase Il grant application can be submitted only by a DOE
Phase | awardee. It must contain enough information on
progress accomplished under Phase | by the time of Phase |
grant application submission to evaluate the project's promise
if continued into Phasell. The Phasell grant application will
be evaluated based on the equally weighted criteria below.
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1. Strength of the Scientific/Technical Approach as
evidenced by (1) the strength and innovativeness of the
overall idea and approach for the combined Phase |/Phase ||
project, (2) the significance of the sientific or technica
challenge, and (3) the thoroughness of the presentation.

2. Ability to Carry Out the Project in a Cost Effective
Manner as evidenced by (1) the qudlifications of the
Principal Investigator, other key staff, consultants, if any,
and the level of adequacy of equipment and facilities; (2) the
soundness and level of adequacy of the work plan to meet
the problem or opportunity; (3) with regard to the Phase |
objectives, the degree to which Phase | has proven feasibility
of the concepts;, and (4) the degree to which the DOE
investment in the project would be justified by the level of
proposed research effort.

3. 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. Thefollowing
evidence of commercial potentia will also be considered: (@)
the small business concern's record of commercializing
SBIR, STTR, or other research, (b) Phase Il funding
commitments from private sector or non-SBIR/STTR
Federal funding sources, and (c) Phase Il follow-on
funding commitments for the subject of the research.

Phase Il grant applications will be subject to a technica
review process similar to Phasel. Grant applicationswill Be
judged against Phase |l criteria on a competitive basis.

Final decisionswill be made by DOE based on the evaluation
criteriaand consideration of program balance and needs.

The Phase |l funding commitment described above should be
an additional 20 percent or more of the Phase Il funding
requested from the DOE in order to receive full credit.

Smaller commitments will receive partial credit. The
commitment must be provided either to or by the small

business during the Phase Il project period. Contributions
from international companies are allowed for Phase Il non-
SBIR/STTR follow-on funding contributions.  In-kind
contributions are acceptable provided the commitment isin
writing, signed by aresponsible official, and includes adollar
estimate of its value.

The Phase 111 follow-on funding commitment must provide
that a specific amount of funds (at least one-half of that
amount requested from DOE for Phase Il) will be made
available to or by the small business. Smaller commitments
will receive partia credit. The commitment must be signed
by a person with the authority to make it, indicate when the
funds will be made available, and contain specific technical
objectives which, if achieved in Phase II, will make the
commitment exercisable by the applicant. The terms cannot
be contingent on obtaining a patent because of the length of
time that process requires. Commitments by private sector
firms to purchase items developed under Phase Il are
acceptable provided the commitment isin writing, signed by
responsible official, and includes adollar estimate of itsvaue.

5. CONSIDERATIONS

5.1 AWARDS

SBIR and STTR awards are subject to the availability of
funds and this solicitation does not obligate DOE to make any
awards under either Phase | or Phase Il. For those grant
applications selected for negotiation of an award, recipients
may incur pre-award costs up to ninety days prior to the
effective date of the award, but any pre-award expenditures
are made at therecipient'srisk. Approval of pre-award costs
by the Contract Specialist or incurrence by the recipient does
not impose any obligation on DOE if an award is not
subsequently made, or if an award is made for a lesser
amount than the recipient expected.

Phase 1 — From this solicitation, DOE expects to award
approximately 220, fixed obligation Phase | research grants
ranging up to $100,000 each to small businesses in fisca
year 2003. Selections of awards will be completed
approximately four months after the closing date of the
solicitation. At that time, DOE will notify by mail dl
applicants of the results and publicly announce the names of
those firms selected for negotiation of an award. Grantsare
expected to beginin July 2003. The duration of Phase | will
be nine months.

Phase Il — It is anticipated that one-third to one-half of the
Phase | awardeeswill receive Phase Il awards, depending on
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the results of the Phase | effort and the availability of funds.
Phase | awardees may request up to $750,000 for Phase I1.
The period of performance under Phase Il will depend on the
scope of the effort, but normally will not exceed 24 months.

Successful Phase 1l applicants will be issued a grant
amendment covering a four-month interim period of
performance while the Phase Il effort is being negotiated.
Should the two parties fail to agree on terms covering the
Phase Il effort, alowable costs incurred during the
four-month interim period will be paid in accordance with
Federal and DOE commercial cost principles. (See FAR,
Part 31, at http://www.gsa.gov/far/90-46/html/31PART.HTM.

5.2 REPORTS AND PAYMENTS

Final Reports — Three copies of afinal technica report on
the project must be submitted to DOE within 90 days after
the performance of the effort ends. Therefore, the final
report is due:

&% 90 days after the Phase | project period ends if a
Phase || application was not submitted; or

ez 90 days after notification of non-selection for a
Phase Il award if a Phase Il application was
submitted; or

#2590 days after the Phase |1 project period ends.

One copy should be sent to the DOE Technical Project
Manager and two copies to the Contract Specialist of the
Contracting Office which negotiated the grant.

The final report should include a single-page project
summary as the first page (use Appendix B form or asimilar
format) identifying the purpose of the research, abrief
description of the research carried out, the research findings,
and the commercia applications and other benefits of the
research in a final paragraph. DOE may publish the
summary so it must not contain proprietary information. The
remainder of the report should indicate in detail the project
objectives, work carried out, results obtained, and estimates
of technical feasibility. The Final Technical Report shall be
marked in accordance with the clause entitled “ Rightsin Data
— SBIR/STTR Program” of the grant.

Payment Procedures — Details of payment procedures will
be provided by the DOE Contract Specidist if a grant is
issued. Fixed-obligation grants will be issued for Phase |
awards. Incremental funding over a 24-month period is
expected to be used with Phase Il grants. Do not send
invoicestothe DOE Headquarters SBIR/STTR program;
use the process provided by the Contract Specialist.

5.3 RESEARCH INVOLVING
SPECIAL CONSIDERATIONS

If the proposed research involves human subjects or
vertebrate animals, the following regulations will apply:

a Human Subjects — Guiddines to be used in
safeguarding the rights and welfare of human subjects used
in research supported by the Department of Energy are
contained in Ch. 10, Part 745 of the Code of Federa
Regulations (CFR) available on the internet at
http://www.access.gpo.gov/naralcfr/waisidx/10cfr745.html

b. Animal Welfare — Research work funded by the
Department of Energy must be in compliance with the
Animal Welfare Act of 1966, as amended (7 U.S.C. 2131 et
seq), (9 CFR Part 1, 2, and 3).

If the proposed scientific research involves human subjects
or vertebrate animals, attach a note to that effect to the
Checklist, (Appendix D). (The note will not count in the
pagelimit.) If the grant application is selected for award, the
SBIR/STTR office will provide information regarding
additional approvals which must be obtained prior to award.

5.4 INTELLECTUAL PROPERTY
INCLUDING INNOVATIONS,
INVENTIONS, AND PATENTS

a Proprietary Information -- Information contained
in unsuccessful grant applicationswill remain the property of
the applicant. The Government will retainfor threeyearsone
file copy of each unsuccessful grant application and destroy
the remainder. Public release of information in any grant
application submitted will be subject to existing statutory and
regulatory requirements, such asthe Freedom of Information
Act.

If proprietary information is provided in a grant application
that constitutes proprietary technical data, confidentia
personnel information, or proprietary commercia or financia
information, it will be treated in confidence, to the extent
permitted by law, provided thisinformation is clearly marked
by the applicant with the term "Confidential Proprietary
Information” and provided appropriate page numbers are
inserted into the Proprietary Notice legend printed at the
bottom of the cover page (Appendix A). The Government
will limit dissemination of such information to official
channels. Any other legend may be unacceptable to the
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Government and may constitute grounds for removing the
grant application from further consideration and without
assuming any liability for inadvertent disclosure.

b. Protection of Grant Application Information --
DOE's policy isto use dataincluded in grant applications for
evaluation purposes only and to protect 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.

c. Rights in Data Developed Under SBIR/STTR
Funding Agreements — Rights in technica data, including
software developed under the terms of any funding
agreement resulting from grant applications submitted in
response to this solicitation, 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 completion of the project from which the data
were generated. 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 and
shall be relieved of al disclosure prohibitions.

d. 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 aroyalty-freelicense for the Federa
Government and requires that each publication contain an
appropriate acknowledgment and disclaimer statement.

e. Patents—Small businessesmay retain the principa
worldwide patent rights to any invention developed with
Federal support. The Government receives a royalty-free
license for Federa use, reserves the right to require the
patent holder to license others in certain circumstances, 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.

f. Distribution of Intellectual Property and
Commer cialization Rights Between the Small Business
and Subcontractor —When using subcontractors, including
research ingtitutions, the small business is responsible for
protecting its own interests with regard to the retention of
intellectual property and commercialization rights. The
negotiation of written agreementsfor assigning theserightsis
recommended and discussed in Section 1.7.

5.5 NONDISCRIMINATION IN
FEDERALLY ASSISTED
PROGRAMS

In accordance with Title VI of the Civil Rights Act of 1964,
P.L. 88-352, the applicant organization responding to this
solicitation must agree to ensure that no person in the United
States shall, on the grounds of race, color, national origin,
sex, age, or handicap, be excluded from participation in, be
denied the benefits of, or be otherwise subjected to
discrimination under any program or activity in which the
applicant receives Federal assistance from the Department of
Energy.

5.6 GRANTEE COMMITMENTS

On award of a grant, the grantee will be required to make
certain legal commitments through acceptance of numerous
provisions in the Phase | grant. The outline that follows is
illustrative of the provisionsthat will beincluded in the Phase
| grant. This is not a complete list of provisions to be
included nor does it contain specific wording of these
clauses.

a Standards of Work — Work performed under the
grant must conform to high professional standards.

b. Inspection — Work performed under the grant is
subject to Government inspection and evaluation at all
reasonable times.

c. Examination of Records—The U.S. Comptroller
Genera (or a duly authorized representative) shall have the
right to any directly pertinent records of the grantee involving
transactions related to this grant.



d. Default — The government may terminate the grant
if the grantee materialy fails to comply with the terms and
conditions of award.

e. Termination — The grant may be terminated in
whole or in part at any time by the government, with consent
of the grantee; or by the grantee, upon written notification to
DOE setting forth the reasons.

f. Disputes— Any dispute concerning the grant which
cannot be resolved by agreement shall be decided by the
cognizant DOE Contracting Officer with right of appeal.

g. Grant Work Hours— The grantee may not require
an employee to work more than eight hours a day or forty
hours a week unless the employee is compensated
accordingly (e.g., overtime pay).

h. Equal Opportunity — The grantee will not
discriminate against any employee or applicant for
employment because of race, color, religion, sex, or national
origin.

i. AffirmativeAction for Veterans—The granteewill
not discriminate against any employee or applicant for
employment because he or she is a disabled veteran.

j.  Affirmative Action for Handicapped — Thegrantee
will not discriminate against any employee or gplicant for
employment because he or she is physicaly or mentally
handicapped.

k. Officials Not to Benefit — No government official
shall benefit personally from the grant.

I.  Covenant Against Contingent Fees — No person
or agency has been employed to solicit or secure the grant
upon an understanding for compensation except bona fide

employees or commercia agencies maintained by the grantee
for the purpose of securing business.

m. Gratuities — The Government may terminate the
grant if any gratuity has been offered to any representative of
the Government to secure the grant.

n. Patent Infringement — The grantee shall report
each notice or claim of patent infringement based on the
performance of the grant.

5.7 ADDITIONAL INFORMATION

a This solicitation 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.

b. Before issuing an SBIR or STTR award, the
Government may request the applicant to submit certain
organizational, management, personnel, and financia
information to assure responsibility of the applicant.

c. Unsolicited grant applications will not be accepted
under SBIR/STTR programs in either Phase | or Phase II.

d. If awritten request for a debriefing is received by
the SBIR/STTR Program Manager within 30 days after the
announcement of the final selections, the small business
will be provided with written information pertinent to DOE's
evaluation of the grant application. Theidentity of reviewers
or their affiliation will not be disclosed. Specific scores will
not be provided.

e. Any submission incorporating data affecting the
national security will not be accepted for evaluation.

6. SUBMISSION OF GRANT APPLICATIONS

6.1 NUMBER OF COPIES

The following must be submitted:

zz Origina application, which includes:
a  Cover Sheet (Appendix A),
b. Project Summary (Appendix B),
c. Main Text asrequired in Section 3.3,

d. Budget Form (Appendix C),

Note: Signatures are required on the Cover Page and
the Budget Form.

&% 6 additional copies of the application

# 4 additional copies of the Project Summary
(Appendix B)

zzs 1 completed Checklist and Statistical Information
form (Appendix D)
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zz< 1 addendum, "Documentation of Multiple Phase |1
Awards' (if appropriate)

z% Note about human and/or anima subjects (if
appropriate)

e# 1 Level of Effort Worksheet (reverse side of

Appendix D)

Grant applications must be addressed to:
SBIR/STTR PROGRAM MANAGER
SC-32/GERMANTOWN BLDG.

U.S. DEPARTMENT OF ENERGY
1000 INDEPENDENCE AVE., SW.
WASHINGTON, D.C. 20585-1290

Phase | grant applicationsHAND CARRIED by the applicant
or any specia courier including Federal Express must be
delivered to:

SBIR/STTR PROGRAM MANAGER , SC-32
U.S. DEPARTMENT OF ENERGY

19901 GERMANTOWN ROAD
GERMANTOWN, MD 20874-1290

Due to increased and changing building security
procedures, applicants who plan to hand carry their
grant applicationsto the DOE Germantown address are
advised to call (301) 903-1414 several days ahead to
obtain specific delivery instructions. Applications hand-
carried to the Department at its Independence Avenue
SW, Washington, D.C. addresswill not be accepted. If a
grant application acknowledgement letter, with the grant
application number endorsed oniit, isnot received from DOE
within three weeks following the closing date of this
solicitation, the applicant should telephone the SBIR/STTR
Program Office promptly at (301) 903-1414.

6.2 DEADLINE FOR RECEIPT OF
GRANT APPLICATIONS

a Any grant application received after 5:00 p.m.
EST on Tuesday, January 14, 2003, will be considered
late unless it was sent by the U.S. Postal Service's
registered or certified mail not later than January 7,
2003. Since the postmark will be the evidence on which the
decision is made, it is incumbent on applicants to assure
themselves that the postmark is clear and easily legible; hand
cancellation is suggested. L ate grant applicationswill not
beeligiblefor award and will be declined without review.

Experience has shown that Two-Day Priority Mail and
overnight express couriers do not always meet the deadline.
Please plan accordingly. The Department takes no
responsibility for applications arriving after 5:00 p.m. EST,
January 14, 2003. Applicationssubmitted by telefax ore-
mail will not be accepted.

b. Modifications to grant applications that are intended
to be incorporated into the review/award process will be
accepted if received by the deadline, and are clearly
marked as modifications.

c. Grant applications may be withdrawn by a written
notice received at any time prior to award. The DOE will
retain one file copy.

6.3 PHYSICAL PACKAGING

Do not use special bindings or covers. This will delay
processing of your application whilethey are removed. Staple
the pages in the upper left hand corner of each grant
application.  Secure packaging is mandatory. The
Department will not be responsible for the processing of
grant applications damaged in transit.

7. SCIENTIFIC AND TECHNICAL INFORMATION SOURCES

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

7.1 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 Technica
Information Service (NTIS). They may be ordered
electronically from http://www.ntis.gov or by telephone for
dispatch through regular mail for a nominal fee from:

NTIS

U.S. Department of Commerce
5285 Port Roya Road
Springfield, VA 22161

1 (800) 553-6847

Rush service (dispatched within 24 hours by an overnight
courier) is available for an additional cost.

Alternatively, microfiche of unclassified, unlimited DOE
reports are available for use by the public free of chargein
Government Printing Office depository collections. More
than 1,400 public, college, and university libraries around the
country are designated as U.S. Depository Libraries. Check
with a local public library. Most libraries participate in an
inter-library loan service whereby one may request copies of
an unavailable publication from another library which hasit.

7.2 DOE OFFICE OF SCIENTIFIC
AND TECHNICAL INFORMATION

The Office of Scientific and Technical Information
(OSTI) coordinates the Department of Energy’'s
Technical Information Management Program. OSTI
collects, preserves, and disseminates scientific and
technical information resulting from DOE'’s research
and development activities. It makes worldwide
scientific and technical information available to DOE’s
customers and the general public. Potential SBIR
applicants can obtain information from the following
OSTI sources:

(1) DOE Information Bridge, a searchable web-based tool
with 30,000 full-text DOE R&D reports (see Web site
http://mww.odti.gov/bridge).  Notee  Current  DOE
contractors and grantees wishing to obtain access should call
OSTI at 423-576-8401 or 423-576-0487, or E-mall
informati onbridge@adonis.osti.gov.

(2) R&D Project Summaries, aweb-based system describing
each of 15000 DOE R&D projects (see Web site
http://www.osti.gov/rdprojects).

(3) EnergyFiles Virtua Library Environment, adigital library
of over 400 energy-related databases and other
information resources (see Web site
http://www.osti.gov/EnergyFiles).

(4) PubSCIENCE, allows the user to search abstracts and
citations of multiple publishers at no cost. Oncethe user has
found an interesting abstract, a hyperlink provides access to
the publisher's server to obtain the full text article. The article
will come up immediately if the user or his’her organization
has a subscription to the journal. If the user lacks such a
subscription, access to the full text can be obtained by pay
per view, by special arrangement with the publisher, library
access or through commercial providers.

PUubSCIENCE is available for public use through the
Government Printing Office's "GPO ACCESS'. It can be
accessed at http://pubsci.osti.gov or
http://www.access.gpo.gov.

7.3 OTHER SOURCES

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



PROGRAM AREA OVERVIEW — DEFENSE NUCLEAR
NONPROLIFERATION

http://www.nn.doe.gov

The worldwide proliferation of Weapons of Mass Destruction (WMD) and their missile delivery systemsis one of the most serious
threats confronting the United States. The consequences for international security and stability are far reaching. The highly
specialized scientific, technical, analytical, and operational capabilities of the Department of Energy, through the National Nuclear
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Security Administration (NNSA), Office of Defense Nuclear Nonproliferation (NA), and its national laboratories, is uniquely suited
to provide leadership in nationa and international effortsto improve U.S. national security by reducing the threat posed by WMD.
Within the Office of Defense Nuclear Nonproliferation, the Office of Nonproliferation Research and Engineering conducts applied
research, development, testing, and evaluation — and leverages the work of others—to produce technologies that lead to prototype
demonstrations and resultant detection systems, thereby strengthening the U.S. response to current and projected threatsto national

security and world peace posed by the proliferation of nuclear, chemical, and biological weapons, and the diversion of special

nuclear material. Specific objectivesinclude developing technologies for: (1) remote detection of the early stages of aproliferant's
nuclear weapons program; (2) enhancing the U.S. nuclear explosion monitoring capability; (3) monitoring nuclear arms control

agreements; (4) domestic detection and early warning of the chemical and biological agents, and minimizing their consequences;
and (5) research on detection technologies for homeland security. Developed technologies are directly commercialized by the
private sector.

Awardees will be required to comply with U.S. Laws on export control, including the “deemed export” rule. Information can be

found at the following URL : http://www.bxa.doc.gov/

1. TECHNOLOGIES FOR NUCLEAR
NONPROLIFERATION AND HOMELAND
DEFENSE

The DOE Office of Defense Nuclear Nonproliferation (NA)
sponsors the development of many types of sensors, data
collection systems, and data analysis systems to detect the
proliferation of weapons of mass destruction. The scope of
this mission includes nuclear explosion monitoring, detection
of the production of materials for nuclear weapons, and
detection of illicit nuclear and radiological weapons in the
United States. Thistopic focuses on the development of field
deployable devices and data analysis systems. Grant
applications ar e sought only in the following subtopics:

a. Environmental Sensor Networ ks—Grant applications
are sought to develop environmental sensor networks for
real-time monitoring of environmental (airborne) radiation
levels, in order to provide datafor pre-nuclear-event warning
and post-nuclear-event assessment for usein event prediction
and consequence management. The networks are to be
deployed in uban environments and must supply local first
responders and federal augmentation teams (including those
from the Departments of Energy, Defense and Justice, and
the Federal Emergency Management Agency) with detailed,
accurate information regarding the fate and transport of
radioactive environmental contaminants, so that they can
mount a safe and effective response. A linkable, regional
capability is envisioned, with fixed sensors deployed at key
locations, and in sufficient numbers, to provide adequate
coverage for early warning and input to post-event
emergency response. The fixed sensors would be

augmented by rapidly deployable sensorsthat could be readily
added to the network. Grant applications may deal with the
development of the complete sensor network (fixed and
deployable), or focus on the fixed sensors alone. In either
case, technol ogies are desired that support the rapid maturity,
demonstration, commerciaization, and deployment of the
network. An overall system description and specification
must be provided, including detector characteristics,
communication protocols, infrastructure and maintenance
reguirements, conduct of operations, and estimated cost.
The system can be designed for a particular urban area, or
for a general urban area scalable to particular cities.

Data obtained via the network should: (1) not only be
transmitted directly to the appropriate emergency response
center(s) but a so shared with multiple agenciesviathe World
Wide Web or other widely available sources, (2) be
transmitted in, or converted to, a format that lends itself to
display via commercialy available Graphica Information
System (GIS)/mapping software; (3) be of value under
routine conditions in the absence of anuclear or radiological
threat, such as to provide a detailed map of radiation
background in the urban environment; and (4) complement
predictive model s of radiation fate and transport, and possibly
be assimilated into these models (as well as being ingested
into pollutant fate and transport models), thereby increasing
their fiddlity.

b. Low-Cost Consequence Management Personal
Radiation Detector—Grant applications are sought to
develop instruments that combine a personal dosimeter with
radiation survey capabilities. The instruments are intended
for first responders (law enforcement, fire and rescue,
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hazmat, etc.); hence, they must be compact, light, rugged,
have low power requirements and be easy to operate. The
detector must be wearable and not interfere with the user’s
ability to meet the normal physical demands of thejob. The
instruments must integrate a wireless communication
capability and aglobal positioning system (GPS). They must
be sensitive to electromagnetic ionizing radiation (gamma
rays) at levels approaching background (10-20 ?R/hr), but
capable of measuring and displaying radiation exposure rates
(or dose rate equivalent) of 1000 — 100,000 times above
background. Published standards for persona radiation
detectors and dosimeters should be used to identify additional
performance criteria.  The devices must integrate the
exposure (or dose) rate to provide personnel exposure
(dose). Radiation exposure (dose) rates and integrated
exposures (doses) can be displayed numerically, graphicaly,
or as discrete “bins’. The ability to detect thermal neutrons
and display a count rate is also of value. Applicants must
provide a conceptual design including detector
characteristics, the physical dimensionsand materiasfor the
instrument, descriptions of the designs for electronics and
communications, and a concept for operations.

c. Field-Deployable Self-Cooled High Resolution
Gamma Ray Spectr ometer s—Grant gpplications are sought
to develop rugged, self-contained, high resolution gammaray
spectrometers that are both portable and field-deployable.
High resolution is defined as 0.5% at 662 keV (Full Width
Half Max) or better. The detector must have an efficiency of
at least 50% with respect to a 3" x 3" Sodium lodide (Nal)
scintillator. Spectrometers based on high purity germanium
(HPGe) detectorswill requireintegral self-cooling to achieve
high resolution. Cooling systems based on cryogenic liquids
must be self-contained and compact. Systems based on
electromechanical coolers must provide sufficient isolation to
eliminate acoustic interferences or reduce them to
manageable levels. The instruments must have a cool-down
time to operating temperature of 12 hours or less. Room
temperature systems must provide high resolution spectraas
defined above. Devices must be able to operate either with
line- or battery-supplied electrical power. The design must
provide for a spectrometer that is ruggedized for
transportation and field operations. The development or
adaptation of data analysis and system interface software
running on a stand-aone laptop computer or personal data
assistant must also be addressed. Applicants must provide a
prototype design, including detector and multi channel
analyzer (MCA) specifications, cooler design and operational
characteristics (if applicable), power supply, system
materials, and an estimated cost.
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d. Ground-Based Nuclear Explosion Monitoring—The
DOE/NNSA isresponsible for the research and development
necessary to provide the U. S. Government with capabilities
for monitoring nuclear explosions, through its Nuclear
Explosion Monitoring Research and Engineering (NEM R&E)
program. The NEM R&E program provides research
products to the Air Force Technical Applications Center,
which collects and analyses data from a network of seismic,
radionuclide, hydroacoustic, and infrasound data collection
stations.  Within the context of one or more of these
technologies, grant applications are sought to develop
algorithms, hardware, and software for improved event
detection, location, and identification at thresholds and
confidence levels that meet U.S. requirements in a cost-
effective manner. Grant applications must demonstrate how
the proposed approaches would complement and be
coordinated with ongoing or completed work (see
http://www.nemre.nn.doe.gov/coordination) whileimproving

capability.

Grant applications are especialy sought to develop low-noise
seismometers for a network of seismic stations that is used
to monitor for nuclear explosions. The seismometers must
be deployable with tri-axial sensorsat 100 metersdepthin 7-
inch boreholes. Sensor response must be flat to either

velocity or acceleration over the bandwidth of operation.

The seismometers must operate over the bandwidth 0.02
Hertz to 16 Hertz. Thismay require the development of two
types of sensors: long period (0.02 Hertz to 4 Hertz) and
short period (0.5 to 16 Hertz). Other requirements for the
seismometer include: (1) self-noise at least 6 dB below the
USGS low-noise modd for the full bandwidth of operation;
(2) dynamic range (ratio of clip level to self-noise) at least
120 dB; (3) self-calibration within 5% for amplitude and
within 5 degrees for phase over the full bandwidth of

operation; (4) low power operation; and (5) high reliability,
operation in harsh environments, and unattended functionality
with very limited operator intervention. A representative set
of the developed component(s) should be produced.

Grant applications are also sought for systems that will
greatly improve the quality of the sensor data that is
communicated to existing seismic stations, while reducing
operation and maintenance costs. The sensor data must be
collected continuoudly with very low noise and transmitted to
a data center in near real time with high reliability (greater
than 99%). Areas of interest include: (1) designsfor robust,
reliable wireless communication from each sensor site to the
central location over rough terrain; (2) techniques for direct
communication between the sensor site and the data center
viasatellite, for which satellite communication costs, aswell
as the size and power of field components, must be
minimized;, and (3) advanced power sources that can



independently power the sensor site equipment maintenance-
free for a prescribed period of time.

References:
Subtopic a: Environmental Sensor Networks
1. Homeland Security Monitoring Network

U. S. DOE, Environmental Measurements Laboratory,
www.eml.doe.gov/homeland

2. NEWNET - Neghborhood Environmental Watch
Network, U.S.DOE Los Alamos National Laboratory,
http://newnet.lanl.gov/concept.asp

3. RODOS - Realtime Online Decision Support System for
Nuclear Emergency Management
DSSNET, an international network on improvement,
extension and integration of operational decision support
systems for nuclear emergency management,
www.rodos.fzk.de

4. Smith, J. Q., &t al., “Probabilistic Data Assimilation
within RODOS,” Radiation Protection Dosimetry,
73(1/4): 57-59, 1997. (ISSN: 0144-8420)

Subtopic b: Low-Cost Consequence Management
Personal Radiation Detector

5. American National Sandard Performance Criteria for
Active Personnel Radiation Monitors, New York:
ANS], 1995. (Document No. ANSI N 42.20)*

6. Dosimeters and Alarm Ratemeters, Performance
Requirements for Pocket-Szed Alarm, New York:
American National Standards Institute (ANSI), 1981
(R1992). (Document No. ANSI N 13.27)*

Subtopic c: Field-Deployable Self-Cooled High
Resolution Gamma Ray Spectrometers

7. Knoll, Glenn F., Radiation Detection and Measurement,
3rd ed.,, New York: John Wiley & Sons, Inc.,
December 1999. (ISBN: 0471073385)

Subtopic d: Ground-Based Nuclear Explosion
M onitoring

8. FErhard Widandt, E., “Seismic Sensors and their
Cdlibration,” Manual of Observatory Practice, University
of Stuttgart, Institute of Geophysics, 1997. (Full text
available at: http://klops.geophys.uni-

stuttgart.de/seismometry/man_html/)

*  Available from ANSI. Telephone: 212-642-4980. Web
Site; http://www.ansi.org/. Also available from Globa
Engineering Documents. Telephone: 800-854-7179.
Web Site: http://global.ihs.com/.

2. SUPPORT TECHNOLOGIESFOR SENSORS
USED IN NATIONAL SECURITY
APPLICATIONS

The DOE Office of Defense Nuclear Nonproliferation (NA)
sponsors the devel opment of many types of sensors to help
detect the proliferation of weapons of mass destruction.

This topic is focused on the development of critical
components that will enable or facilitate field deployment of
these sensor systems. Grant applicationsare sought only
in the following subtopics:

a. Support Technologiesfor Activel maging Systems—
Grant applications are sought for the development of a
compact, portable seed laser with short (less thanl
nanosecond) pulses, a narrow (less than 1 nanometer)
spectral bandwidth, and an intermediate pulse repetition rate
that is adjustable between 100 KiloHertz and 1 MegaHertz or
wider. Pulse energy should be 10 nanoJoules or higher.
Shorter pulses and higher pulse energy are preferred. Also
important is a high pulse contrast ratio. Because further
amplification and wavelength conversion is likely, a
wavelength in the 1.0 to 1.5 micrometer range would be
most useful. Lightweight, low power consumption, and
small size (0.5 cubic feet or less for the laser, and a similar
size for the associated power supplies/electronics) are aso
very important.

Grant applications are aso sought for compact power
amplifiers for use with the oscillators described above.

Output pulse energies must be 10 microJoules or higher.
These amplifier systems must be of small size (0.5 cubic feet
or less for the laser, and a similar size for the associated
power supplies/electronics).

Finally, grant applications are sought for high-throughput
optical components with throughputs of 5 cn?-steradians or
higher and with operation in the visible region of the
electromagnetic spectrum. Components of interest include
polarizers, narrow bandpass filters and fast (~100
nanosecond gate width) optical gates. Bandpass filters of
interest must have a single bandpass of no more than 0.1
nanometers or multiple (3 or more) widely-separated
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bandpasses of 1 nanometer or |ess.

For further information or clarification of these requirements
please contact Cheng Ho ((505) 667-3904, ho@lanl.gov) or
David C. Thompson ((505) 667-5168, dcthomp@Ianl.gov) &
the Los Alamos National Laboratory.

b. Support Technology for Software Radio Systems—
NA is interested in Reconfigurable Computing (RCC)
research with application to software radio. Software radio
introduces digital techniques in the classical radio design,
leaving the antenna and front-end circuitry as analog but
converting the remainder of the system to host on-signd
processing computers that are programmable to perform on-
board processing for a variety of tasks. NA's applications
drive the widest bandwidths (40-100 MegaHertz) known and
therefore require super-computing 1/0O and processing
capabilities. Recently, the RCC community was provided
with advance information describing a revolutionary
technology that integrates 3 Gigabit seria input/output (1/0)
transceivers with a complete megagate FPGA (field
programmabl e gate array), and multiple PowerPC 405 cores,
al fabricated in the latest 0.13 micron CMOS
(Complementary Metal-Oxide Semiconductor). Thissystem-
on-chip ASIC (application specific integrated circuit)
promises to institute a new generation of highly integrated
RCC systems, with many government and commercial
applications. Grant applications are sought to develop
hardware for an experimental signal processor board, based
on this technology, that is capable of addressing all modern
communications formats within a common hardware set,
thereby reducing the number of hardware sets needed to
perform modern radiofrequency and optical communications.
The new integrated technology should be combined with the
following capabilities: VME (VersaModule Eurocard), V XI
(VME eXtension for Instrumentation), PCI (Peripheral
Component Interconnect), or PMC (PCl Mezzanine Card)
form factor; either Gigabit Ethernet or FibreChannel 1/0;
support for bus based, local ROM (Read-Only Memory), and
test port programming; and cache SRAM (Static Random
Access Memory) support, using multiple independent banks
and at least 100 MegaHertz clock rates. Phase | should
include initial systems studies and feasibility vaidations for
the described board, system simulations and models of at
least one test application for Software Radio, and acomplete
block diagram and camera ready layout for the proposed
board, ready for construction if the Phase Il project were
awarded.

For further information or clarification of these requirements
plesse contact Paul S Graham (505-667-7024,
grahamp@lanl.gov) or Scott Robinson (505-665-1954,
shr@lanl.gov) a the Los Alamos Nationa Laboratory.
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c. Support Technologiesfor Synthetic Aperture Radar
Systems—Grant applications are sought for one or more of
the following electronic components to support the
development of synthetic aperture radar systems:

(1) An advanced high-performance 10-bit Anaog to Digital
Converter (ADC) to facilitate new high performance radar
designs. ADC systems must have asampling frequency equal
to or greater than 1.2 GigaSamples per second, greater than 9
effective number of bits (ENOB) at one fourth the sampling
frequency (f¢/4), built-in output 1:2 demultiplexer, provisions
for multiple ADC data clock synchronization (ex: multi-
channel sampling), low-voltage differential signaling (LVDS)
compatiblelogic outputs, ball grid array (BGA) package, and
built-in pseudo-random sequence generator for ADC
interface integrity testing.

(2) An advanced high-performance 12-hit Digita to Analog
Converter (DAC) with 1.2 GigaSamples/second, greater than
60 decibels (dB) spurious free dynamic range (SFDR) at one
fourth the sampling frequency (f4/4), built-in 2:1 input
multiplexer, provisons for multiple DAC clock
synchronization (ex: quadrature synthesis), low-voltage
differential signaling (LVVDS) compatiblelogicinputs, ball grid
array (BGA) package, and input FIFO (First-In, First-out)
buffer with low datarate serial output port for DAC interface
integrity testing. 1t would be very desirableto havetwo DAC
on asingle chip.

(3) High-performance miniaturized gyros with one degree per
hour bias or less. Airborne high-performance real-time
synthetic aperture radar (SAR) systems use inertid
measurement units (IMUs) that contain 3 gyros and 3
accelerometers -- the size of the IMU is typically dominated
by the gyros. Tactica-grade IMUs have been used
successfully (1 degrees’hour gyro hias) for fine-resolution
SAR but are too large for proposed miniaturized SAR
systems. Therefore, the program supports research for a
smal, lightweight gyro for these systems. Tactical
performance levels are desired but it is anticipated that gyros
with biases of 10-100 degrees’hour may be useful, abeit with
a degradation of SAR performance.

(4) Miniature carrier-phase global positioning system (GPS)
receivers. Globa Positioning System (GPS) signals are
transmitted from the GPS satellites to GPS receivers as
pseudorandom-noise codes superimposed on carrier signals.
The size, weight, and power required for these receivers
have shrunk dramatically over the past few years. However,
none of these small receivers can continuoudly track the GPS
carrier phase, a signal that is critica for improved
performance in anumber of applications. Specificaly, grant



applications are sought for the devel opment of miniature GPS
receiversthat can continuously track the GPS carrier phase.

(5) A solid-state wideband microwave power amplifier
module to replace tube-based transmitters for short range
applications. The system must have up to 100 Watts of peak
power at a 35% duty factor and a 3 GigaHertz instantaneous
bandwidth centered at Ku-band (16.7 GigaHertz). The
module should be 15 cubic inches or less and must include
microthermal technology (such as micro-heat-pipes) to
control junction temperatures without sacrificing size.

(6) Solid-state wideband microwave power amplifier
components which are MMICs (microwave integrated
circuits). One exampleisthe use of GaN HEMTS (Gallium-
Nitride High Electron Mobility Transistors) that promise
significant power output (greater than SWatts/millimeter gate
periphery) at traditional radar frequencies (X/Ku bands). The
amplifier system must have up to 20 Watts of peak power
per MMIC with greater than 40% efficiency, a 35% duty
factor, and a 3 GigaHertz instantaneous bandwidth centered
a Ku-band (16.7 GigaHertz).

(7) Miniaturized electro-mechanical systems (MEMYS)
microwave components. Radiofrequency (RF) MEMS
technology offers the promise of ultra-low loss microwave
switches, which could revolutionize transmit/receive (T/R)
module design (low loss phase shifters and T/R switches).
The insertion loss of this switch should be less than 0.25 dB
over afrequency range of 15.2 GigaHertz to 18.2 GigaHertz.

Additionally, MEM S technology could provide miniaturized,
low-loss tunable filters that could be used to facilitate
frequency agility and jamming resistance. The insertion loss
of this filter should be less than 0.5 dB over a frequency
range of 15.2 GigaHertz to 18.2 GigaHertz.

(8) Wideband phased-array antenna elements with a
minimum of 3 GigaHertz bandwidth centered at the Ku-band
(16.7 GigaHertz). Applicants may want to consider including
Vivadi eements.

For further information or clarification of these requirements
please contact Armin Doery ((505) 845-8165,
awdoerr@sandia.gov) at the Sandia National Laboratory.
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3. ENHANCED PROTEOMICS SIGNATURE
ANALYSIS IN SUPPORT OF PATHOGEN
DETECTION, BIOINFORMATICS, AND
EPIDEMIOLOGICAL MODELING



The United States Department of Energy (DOE) is
responsible for the development of systems to detect the
presence of biological warfare agents intentionally released
into the urban environment. Since the events of September
11", successful aerosolization of solid-phase bioagent has
been documented on several occasions (CDC article
reference), resulting in an undesirable outcome for the
exposed population. Early detection of a biological attack,
whether by direct detection of airborne biological agents or
rapid detection of those who have been exposed, is essential
to minimize the impact of such attacks. Proteomic-based
detection of bioagents is one of DOE’s critical objectives.
Establishing an in-depth understanding of the proteins
inherent to these bioagents will facilitate the development of
novel detection systems that will aso complement genomic-
based bioagent detection. Grant applications are sought
only in the following subtopics:

a. Protein Signaturesfor Detection—Grant applications
are sought for te development of novel biological agent
protein signatures as well as the refinement of existing
protein signatures for biological agent detection. Proposed
approaches must be based on the isolation and biochemical
characterization of target proteins from pathogen proteomes
relevant to the Chemical and Biological National Security
Program (CBNP) mission. Approaches of interest include,
but are not limited to: (1) protein profiling using surface
enhanced and matrix-assisted laser desorption and ionization
time-of-flight mass spectroscopy (SELDI/MALDI-TOF); (2)
primary, secondary, and three-dimensiona protein structure
determination using a variety of methods including amino
acid sequencing, two-dimensional gel electrophoresis, x-ray
diffraction, and nuclear magnetic resonance spectroscopy;
(3) development of structurally based high affinity ligands;
(4) toxin and virulence factor structure/function
determination; (5) classical antibody development; and (6)
combinatorial receptor design or phage display.

b. Protein Bioinfor matics Algorithms—Grant
applications are sought for the development of computer
algorithms that enhance current capabilities of analysis and
prediction of protein structure and function. In particular,
the structure and function of proteins of biologica pathogens
relevant to the CBNP mission are of interest. Proposed
algorithms must organize and analyze primary protein
structures for the purpose of predicting secondary and
tertiary protein structure with a high confidence rate. For
proteins with more than one component, prediction of the
guaternary structure is desirable. Protein structure must be
validated using x-ray crystallography, nuclear magnetic
resonance, and/or electron microscopy. The protein
structures generated by this gant may be used to create

better pathogen detection tools and drugs to combat
infectious disease. Inaddition, theinformation created by the
algorithm will be added to existing proteomic biologica
databases, eventudly aiding in the simulation of the
complexity of living systems.

Grant applications are also sought for the development of
algorithms that will enhance current capabilities to: (1)
identify and characterize proteins by amino acid composition;
(2) trandate nucleotide sequences to protein sequences
and/or trandate protein sequences back to nuclectide
sequences; (3) search for structural homologs between
multiple protein structures; (4) scan nuclectide sequences
against protein profile databases;, and (5) predict
transmembrane regions for prokaryotic proteins.

c. Protein Expression in Virulence—Microorganisms
that cause disease contain virulence factorsthat contribute to
the virulence and survival of the microorganism. Various
signals control the expression of these virulence factors.
Grant applications are sought for the identification and
characterization of proteins expressed from virulence genes
in biological pathogens relevant to the CBNP mission. The
actual role in pathogenicity of those genes and gene products
that are prime virulence candidates should be ascertained.
Proposed approaches must not only seek to uncover new
virulence genes and expression products, but also define
known virulence regulatory mechanisms in more detail.
Approaches of interest include, but are not limited to: (1)
virulence factor expression and regulation by signals
including, oxygen, temperature, metal ion concentration, pH,
and bacteria-host cell interaction; (2) protein purification and
biochemical characterization of candidate virulence gene
products; (3) site-directed mutagenesis of candidate genes
and the subsequent purification and characterization of
altered gene products; and (4) in vivo studies using animal
models containing knock-out constructs of candidate
virulence genes.
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PROGRAM AREA OVERVIEW - BIOLOGICAL AND
ENVIRONMENTAL RESEARCH

http://www.er .doe.gov/pr oduction/ober/ober top.html

The Biological and Environmental Research (BER) program sponsors research at national |aboratories, universities, and private
institutions to advance environmental and biomedical knowledge that promotes national security through improved energy
production, development, and use; international scientific leadership that underpins our nation’s technological advances; and
environmental research that improves the quality of life for al Americans. In addition, BER delivers the knowledge needed to
support the President’s National Energy Plan, provides the science base in support of the Energy Policy Act of 1992, and works
cooperatively with DOE’s national security programs to develop tools to combat terrorism.

BER supportsfundamental biomedical research and technology devel opment needed to understand the fine structure and function of
the human genome in order to provide the information needed to identify disease genes and devel op broad therapeutic and diagnostic
strategies. BER also sponsors advanced imaging and other medical technologies including highly sensitive radiotracer detectors,
radiopharmaceuticals, and innovative approachesto cell-targeted ablation therapy for cancer usingin vivo radiation techniques. In
support of the nation's biomedical, pharmaceutical, and environmenta activities, BER projects often utilize unique facilitiesat the
Department of Energy national laboratories to determine biological structure and how it relates to function at the molecular and
cdlular level.

BER also supports fundamental environmental remediation research necessary for the development of advanced tools for cleaning
up the Nation’s contaminated sites, particularly in support of DOE's Office of Environmental Management.

Lastly, BER supports fundamental climate change research to acquire the data and devel op the understanding necessary to predict
global and regional climate changes that may be induced by increasing atmospheric concentrations of greenhouse gases.

4. GENOME, STRUCTURAL BIOLOGY, AND macromolecules, integrate advances in computational and

RELATED BIOTECHNOL OGIES mathematical sciences into biology, understand protein
folding mechanisms, and clarify the relationships between

genes, gene product structures, and biological function. Such
knowledge should enable the public and private sector to: (1)
markedly improve human health care and promote worker
and public safety; (2) promote application of DNA-based
biotechnology to environmenta  applications, like
bioremediation; (3) facilitate the isolation, characterization,
and treatment of factors involved in human diseases and
disorders; and (4) promote cleaner industrial processes using
biotechnology. Close interactions with one of the DOE
laboratories or projects can be beneficial in the development

The Department of Energy (DOE) supports research to
acquire a fundamental understanding of biologica and
environmental processes. This research includes the
characterization of genomes and gene products from humans
and other organisms; structural biology research using
beamlines at synchrotron sources and other facilities; aswell
as studiesin computational structural biology, computational
genomics, and biological information systems. Knowledge
gained in this research is used to exploit genomic
information, determine the structure of biological
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of agrant application. Grant applications are sought only
in the following subtopics:

a. Genome Scale Reagent Sets—There is an increasing
availability of genomes as sequenced chromosomeswith their
constituent genes. These genes number in the 1000
thousands range for bacteria and in the 10-100 thousand
range for higher organisms. Each gene may give rise to
numerous distinct MRNASs and proteins, through processes
of adternative RNA gplicing and post-trandationa
modifications. Micro-arraying methodologies are enabling
highly padldized interrogations of these hugh
macromolecule collections. However, production and
management systems are required to assure the availability of
the numerous analytical reagents that are needed in small
guantities. Grant applications are sought for: (1) systems
that will produce thousands of affinity reagents (oligo-
nucleoctides, synthetic genes, antibodies and other affinity
reagents) in pico-molar quantities; (2) miniaturized delivery
systems for such reagent sets; (3) reagent sets for
guantitation of RNA splicing; and (4) candidate RNAs for
testing as regulatory agents.

b. Protein Production and Analysis M ethodologies—The
production of proteinsfor usein crystallographic analysesis
an important task in structural biology. Several host-vector
systems are available for the production of proteins encoded
in a hyper-expressed source gene. However, for some
source genes, the proteins fail to fold into physiologically
effective 3D conformations; for example, entrapment in
insoluble inclusion bodies is one cause of such failures.
Problems also exist for proteins that are targeted to
membranes. Also, affinity reagents that bind to proteinsin
their native conformations are needed for structure and
function analyses. Grant applications are sought for the
improved recovery and analysis of effective proteins. Areas
of interest include: (1) production of solubilized proteinsin
active confirmations with or without post-trandationa
modifications; (2) development of synthetic membranes or
nano-structures enabling analyses of membrane proteins; and
(3) development of affinity reagents for native proteins.

c. Histological Analyses—Capabilities to reved the
expression of individual genes in tissues have increased
markedly. For example, the expression of individual genesas
transcribed RNAs or their derivative proteins in situ is now
routinely observed. However, support packages for
automated image analysis, classification, and query have not
kept pace. Few histological analysis systems have
commercial support. Grant applications are sought for
systems, including hardware and software, that will automate
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expression reporting for histological analyses and provide
effective querying capabilities for the datasets.

d. Instrumentation for Single Macromolecule
Analysis and Control—Over the last decade, research
laboratories have made substantial progress in developing
instrumentation for the interrogation and manipulation of
single macromolecules. Techniques include the use of
optical-laser tweezers, atomic force microscopy, and single
molecule fluorescence microscopy. Although the
effectiveness of these techniques has improved steadily and
the instrumentation is now robust, most of these single-
molecule, biophysics instruments are locally built. The lack
of commercia support has severely hindered the export of
these technologies to the broader user community. Grant
applications are sought to expand the commercialization of
techniques, instrumentation, and software systems so as to
enable the broader usage of single macromolecule analysis
methods.
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5. MEDICAL SCIENCES

The Department of Energy (DOE) Medica Sciences program
covers abroad range of energy-related technologiesincluding
nuclear medicine and advanced imaging instrumentation.

DOE is interested in innovative research involving medica
technologies to facilitate and advance the current state of
diagnosis and treatment of human disorders.

Principles of physics, chemistry, and engineering are being
employed to advance fundamental concepts dealing with
human health, to utilize the study of molecular interactions
for a better understanding of organ function, and to develop
innovative biologics, materials, processes, implants, devices,
and informatics systems for the prevention, diagnosis, and
treatment of disease and for improving human health. The
DOE Advanced Medica Instrumentation program seeks to
capitalize on the unique physical sciences and engineering
capabilities at the DOE's national |aboratoriesto develop new
technologies that will have a significant impact on human
hesalth.

With respect to nuclear medicine, current areas of research
include the development of: (1) radiopharmaceuticals as
radiotracers to study in vivo chemistry, metabolism, cell
communication, and gene expression in normal and disease
states, and as therapeutic agents; (2) new radionuclide
imaging systems; and (3) technological advances for boron
neutron capture therapy including new boron-labeled, tumor-
seeking compounds and mini-accelerator-based neutron
beams. Grant applications are sought only in the
following subtopics:

a. Development of Novel Probes for Biomedical
Applications—Grant applications are sought to develop
improved and new probes (fluorescent, electron dense,
vibrational tags, etc.) with optimum physico-chemical
properties for visualization, tracking, assembly, and

disassembly of the multiprotein complexes that execute
cellular functions and govern both cell form and components.
These multifunctional probes would measure structure,
including post-trand ational modification, and would function
in rea time. Nove probes are aso needed to enable rapid
visualization and quantification of intracellular processes with
high spatia resolution. Probes should be selective, non-
perturbative, resistant to degradation, and have unique
spectroscopic signatures. Grant applications must present
unambiguous experimental systems to validate probe
performance and demonstrate that the research will ultimately
result in new sensorsfor medical applications. Severa DOE
national |aboratories have devel oped considerable expertisein
thisresearch areaand are available for possible collaboration.

b. Radiopharmaceutical Development for Radiotracer
Diagnosis and Targeted Molecular Therapy—Grant
applications are sought to develop: (1) radiolabeled
compounds that could have applications as radiotracers for
radionuclide imaging technologies such as positron emission
tomography and single photon emission computed
tomography; (2) improved and simplified production of
radiolabel ed compounds through the use of mini-accelerator
technology or automated radiochemical analysis/synthesis
techniques;, and (3) radiopharmaceuticals for targeted
molecular therapy. Of particular interest are radiochemical,
synthetic, and combinatoriadl molecular  engineering
approaches. All efforts should ultimately result in a product
for nuclear medicine use.

c. Advanced Imaging Technologies—Grant applications
are sought for new, sensitive, high resolution instrumentation
for radionuclide imaging. The instrumentation should
advance the application of radiotracer methodologies for
imaging molecular biologica functions including cell
communication and gene expression in vivo. Areas of
interest include the development of: (1) new detector
materials and detector arrays for both positron emission and
single photon emission computed tomography; (2) software
for rapid image data processing and image reconstruction;
and (3) methods of integrating in vitro and in vivo
instrumentation technol ogies for real time molecular imaging
of biological function and for new drug development and
utilization.

d. Cell-Targeted Ablation Therapy for Cancer with In-
vivo Radiation Techniques—Grant applications are sought
for innovative approaches to cell-targeted abl ation therapy for
cancer within vivo radiation techniques. The emphasisison
the therapeutic use @ ionizing radiation such as may be
achieved with radionuclide therapy or dua step techniques
such as boron neutron capture therapy (BNCT). Specific
goals include the development of nove ligands and delivery



techniques to target and treat cancer at the cedlular level.
Proposed approaches should address such complex
challenges as chemical ligand synthesis, tumor targeting by
the proposed ligands, and anticipated biodistribution and
dosimetry for the new ligands. With respect to BNCT, areas
of interest include the design and development of either (1)
new BNCT compounds or (2) novel and inexpensive mini-
accelerators to create epithermal neutron beams suitable for
BNCT applications.
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6. ATMOSPHERIC MEASUREMENT
TECHNOLOGY

World-wide energy production is modifying the chemical
composition of the atmosphere and is linked with
environmental degradation and human health problems. The
radiative transfer properties of the atmosphere may be
changing as well. Various technological developments are
needed for high accuracy and/or long term monitoring of
these changes to support a strategy of sustainable and
pollution-free energy development for the future.

Grant applications must propose Phase | bench tests of
critical  technologies.  Critical technologies are those
components, materials, equipment, or processes that
significantly limit current capabilities in one of the specific
subtopics that follow. For example, grant applications
proposing only computer modeling without physical testing

will be considered non-responsive. Grant applications should
also describe the purpose and benefits of any proposed
teaming arrangements with government laboratories or
universities in the technical approach or work plan.
Applications submitted to any of the subtopics should
support claims of commercial potential for proposed
technologies, (e.g., endorsements from relevant industrial
sectors, market analysis, or identification of potential spin-
offs). Grant applications are sought only in the
following subtopics:

a. Optical Methods for Ultra-Sensitive Trace Gas
M easur ements—Continued improvement and devel opment
of innovative instrumentation are required for carrying out
studies of the chemical processes in the troposphere. The
complexity of the gas mixtures requires specificity and high
sensitivity for adequate characterization and monitoring of
key species on short time scales (seconds). Optical methods
in the visible, near-infrared, and far-infrared allow this
specificity but have suffered from lack of sensitivity for
many key gases. Recent advances in light sources such as
Quantum Cascade (QC) lasers and novel absorption
techniques such as cavity ring-down spectroscopy (CRDS)
are expected to improve the optical methods. Grant
applications are sought to devel op advanced optical methods,
based on these new technologies, to measure the
concentration of tropospheric trace gasesin field and aircraft
applications. Of particular interest are small, lightweight
instruments that are low in power consumption for use
aboard aircraft platforms and at surface measurement sites.
Target species of particular interest include CO, ethene,
acetylene, NO, NO,, NOs, nitric acid, formaldehyde,
acetaldehyde, sulfur dioxide, nitrous acid, nitrous oxide,
isoprene, methacrolein, methyl vinyl ketone, methyl nitrate,
hydrogen peroxide, peroxyacetyl nitrate, methyl
hydroperoxide, and peracetic acid.

Proposed systems must be capable of providing real-time
measurements (i.e., the time for both sampling and response
should be less than one minute) and be sufficiently sensitive
to detect concentrations as low as 0.01-0.05 parts per billion.

Rapid response instruments that are capable of flux
measurements with response times of one second or less are
of particular interest. Grant applications must include
detailed descriptions of the instrumentation (including how it
will connect to the atmosphere, for the purpose of sampling,
without interference from intake losses or other confounding
factors) and demonstrate how the proposed technique will
result inimproved aircraft and field measurement capabilities.

b. DIAL Water Vapor Profiling System—The accurate,



continuous measurement of vertical profiles of water vapor
content in the lower atmosphere remains essentia for
atmospheric research and weather forecasting. Effective
techniques currently range from rawinsondes to sophisticated
microwave and optical techniques. The technology available
for differential absorbtion lidars (DIALS) to measure vertical
profiles of water vapor has been improving. Grant
applications are solicited to develop a highly portable, eye-
safe, DIAL system for water vapor profiling that requires
limited amounts of power and can operate unattended for
long periods of time in the outdoor environment. Water
vapor profiles up to at least two kilometers, during al times
of the day, are required; even greater vertical probing
distances are needed for some studies. Temporal resolution
of one minute or less and vertical height resolution of 50 m
or less are needed for routine observations; even better
resolution is required for some special applications, e.g., the
vertical profiling of the eddy fluxes of water vapor. Of
particular interest are innovations that take full advantage of
current laser and optical filter technology, utilize low-cost
components and assembly, and maintain reliability of
operation.

c. High Accuracy Absolute Measurement of Infrared
Radiation at the Surface—Grant applications are sought to
devel op an absolute radiometric capability that can be used in
the field as a standard for the measurement of atmospheric
downwelling broadband infrared (all wavelengthslonger than
4 micrometers) radiance at the surface. This instrument
should scan over a hemisphere using a limited field of view
(~ 5 degrees) aperture. New capabilities developed under
this subtopic will be evaluated by comparison to the absolute
sky scanner developed by the World Radiation Center (WRC)
in Davos, Switzerland. The Davos absolute sky skanner
measures infrared radiance within a narrow field of view
using a pyroelectric sensor that is calibrated by pointing to an
internal blackbody before beginning each 32-point sky scan
(8 azimuth by 4 elevation points). Analogous to the world
(solar) radiometric reference, where absolute cavity
radiometers of similar and mixed designs are used to calibrate
direct solar beam measurements, the scanned hemispheric
measurement capability developed in response to this
subtopic, would be used to derive downwelling hemispheric
irradiance for comparison to and calibration of field
pyrgeometers.

d. Instrumentation for Characterizing Organic
Substances in Aerosol Particles—Important insights into
atmospheric pollution can be gained by understanding the
characteristics and temporal changes of organic substances
in ambient atmospheric aerosol particles with diameters less
than about 2.5 micrometers. Grant applications are sought to

develop instrumentation for real-time measurementsthat will:
(2) provide accurate estimates of both mass and speciation of
organic matter as a function of particle size; (2) detect the
changing degree of oxygenation of the organics in aerosols,
in order to evaluate the photochemical evolution of the
organic aerosol; or (3) identify isotopic and molecular-leve
tracers of primary and secondary organic carbon, in order to
help understand the origins of the fine particulate matter. The
instrumentation and associated systems must account for
such factors as polarity and water solubility, and must be
capable of extended operation in an outdoor, field
environment. Methods are needed that will provide accurate
measurements of the organic aerosols with minimal artifacts
(for example, semivolatile organics are known to absorb and
desorb from filter media used to collect the organic aerosol
samples) for both field and aircraft operations and for both
organic carbon and black carbon. Examples of past
approaches include determining 14C/12C isotopic ratios as a
means of estimating fossil/biogenic  hydrocarbon
contributions to the aerosols, optical measurements of the
"blackness® of the sample as a means of determining black
carbon (soot) contributions, and thermal evolution
techniques.
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7. 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,
principaly 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 the terrestrial
ecosystem response, the sensitivity of climate, and the
potential for sequestration in natural carbon sinks of lands
and oceans. Therefore, improved measurement approaches
are needed to quantify carbon changes in components of the
global carbon cycle, particularly the terrestrial biosphere, in
order to improve understanding and assess the potential for
future carbon sequestration.

A DOE working paper on carbon sequestration science and
technology describes research needs and technology
requirements for sequestering carbon by ocean and terrestrial
systems (see Reference 2). This document calls for
substantially improved technology for measuring carbon
transformation of the atmosphere and biosphere. The
document also describes advanced sensor technology and
measurement approaches that are needed for detecting
changes of carbon quantities of terrestrial (including biotic,
microbial, and soil components) and oceanic systems, and
for evaluating relationships between these carbon cycle
components and the atmosphere.

Grant applications submitted to this topic should demonstrate
performance characteristics of proposed measurement
systems, and show acapability 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). Research to develop miniaturized sensors to
determine atmospheric CO, concentration is a so encouraged.
In addition, Phase | projects must perform feasibility and/or
field tests of proposed measurement systems to assure high



degree of reliability and robustness. Combinations of remoteMe

and in situ approaches will be considered, although priority
will be given to ideas/approaches for verifying biosphere
carbon changes and for estimating carbon sequestration.

Lastly, applicants with an interest in collaboration should be
aware of the DOE Consortium for Research on Carbon
Sequestration in Terrestrial Ecosystems (CSITE) at Oak
Ridge National Laboratory (ORNL), Pacific Northwest
National Laboratory (PNNL), and Argonne National
Laboratory (ANL). The co-directors are Gary Jacobs
(ORNL/e-mail: jacobsgk @ornl.gov) and Blaine Metting
(PNNL/e-mail: fb_metting@pnl.gov). Other possible
collaboratorsinclude scientists from Texas A&M University,
Colorado State University, the University of Washington,
North Carolina State University, the Rodale Ingtitute in
Pennsylvania, and the Joanneum Research Institute in
Austria.  Grant applications are sought only in the
following subtopics:

a. Sensorsand Techniques for Measuring Terrestrial
Carbon Sinks and Sources—M easurement technology is
required to quantify carbon sequestration by natural
vegetation and ecosystems (i.e., carbon sinks) aswell as CO,
emissions to the atmosphere from natural or industrial
sources. Grant applications are sought to develop remote,
ground-based 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. For the
measurement of CO, sinks, the sensor systems or new
technology must be applicable for forests, grasslands, shrub
lands, agricultural lands, and/or wetlands, and have the
capability of producing spatially resolved aggregate estimates
of terrestrial carbon changes to an accuracy of 10 to 25
g/m?/yr (or approximately 0.25 tonnes of carbon per hectare
per year), with less than 25 percent uncertainty. For
measuring emissions, the apparatus must be located at a point
remote from the actual site of CO, release and provide
accuracy estimatesfor CO, concentrations of approximately
0.5 ppmor less. Grant applications are also sought to design
and demonstrate a new CO, analyzer with the following
characteristics. (1) ability to determine the mole fraction of
CO; in dry ambient air to a relative precision of 1 part in
3000 or better in one minute or less; (2) low gas use (30
cc/min or less) to minimize problems due to water vapor and
to minimize consumption of reference gases, if employed; (3)
robust enough for unattended field deployment for periods of
half a year or longer; (4) cost less than $5000 when
manufactured in quantity; and (5) not sensitive to motion.

Mechanical sensors must be durable in the full range of
normal environmental conditions and exposures, including
exposure to dust, rain, snow, heat, extreme cold, and fog.
Operation in unattended, remote locations for weeks at a
time, without degradation of the measurement, is also
required; however, daily telecommunication with the system
for monitoring performance and detecting potential
operational problems would be desirable.

Proposed approaches, including both mechanical sensors and
non-mechanical technology should consist of new, innovative
methodologies that are significant advances over conventional
scientific approaches used to measure CO,, carbon, and
related compounds. Specifically, the measurement systems
should be different from, or substantially augment, existing
methods for eddy flux (covariance), routine monitoring of
atmospheric CO, concentrations, or estimating carbon
guantities of land and/or ocean constituents of the carbon
cycle. Grant applications proposing in situ or in-stream
measurement of flue gas emissions will be declined, as will
applications that offer only incremental or margina
improvements over existing measurement systems.

b. Novel Measurements of Organic Substances and
Carbon | sotopesin Terrestrial and Atmospheric Media—
Improved measurement technology is needed to better
characterize processes involving carbon transformations of
soil, vegetation, and associated ecosystem components and
exchanges with the atmosphere. This includes both carbon
content and i sotopic measurements of organic matter in soils
and other solid substrates, as well as the carbon content of
biological tissues in various components (e.g., phytomass,
detritus) of terrestrial ecosystems.

Grant applications are sought for measurements of carbon
content in the atmosphere, vegetation, soil, and associated
environmental media. For measurements involving the
carbon content of biota and soil, grant applications must
demonstrate that these measurements can be used to predict
changes in carbon quantities and/or fluxes involving major
components of ecosystems, with an accuracy on the order
of 10 grams per square meter or less. Quantification of
spatially resolved aggregate estimates of terrestrial carbon
changes should have an accuracy of 10 to 25 g/m?/yr (or
approximately 0.25 tonnes of carbon per hectare per year),
with less than 25 percent uncertainty.

For measurements of atmospheric CO,, development of
lightweight (approximately 100 gram) sensors capable of
measuring fluctuations of CO; in air of the order of plus or
minus 1 ppm in a background of 370 ppm is solicited. The
devices must be suitable for launch on ballonsondes or
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similar such platforms, and therefore must be insensitive to
large changes in ambient temperature and pressure. They
must be able to operate on low power (e.g., 9v battery), and
have a response time of less than 30 seconds.

Grant applications are aso sought for unique, rapid, and
cost-effective methods for measuring the natural carbon
isotopic composition of plant, soil, and atmospheric
materials. The ideais to use isotope technology to identify
sources and sinks of carbon materials, and to use carbon
isotopes to distinguish relative carbon exchanges between
terrestrial or aquatic media and the atmosphere. New isotope
approaches and technology should demonstrate aquantitative
capability for both estimating and distinguishing carbon flux
among atmosphere, biosphere, and soil components of
natural and manipulated carbon cycles.

Proposed new measurements of terrestrial biotaand soil must
be accomplished by in situ and/or non-invasive means and/or
remote sensing of organic carbon forms across a range of
tempord scales (from seconds to days) and spatial scales
(from millimeters to kilometers), depending on the system
properties being observed. Instruments must be portable and
deployable in remote locations, and must not adversely
impact the site of deployment. The term "remote sensing"
means that the observation method is physically separated
from the object of interest. Research that develops unique
surface-based observations and uses them for
calibration/interpretation of other remotely derived datais of
interest; however, except for potential application of CO,
sensor viaballonsonde, other methods of remote sensing data
acquisition by arborne or satelite platforms will not be
considered.
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8. BIOLOGICAL CARBON
SEQUESTRATION RESEARCH AND
TECHNOLOGY

The burning of fossil fuels adds carbon to the atmosphere,
principaly in the form of carbon dioxide, and the potential
environmental impacts have made carbon management an
international concern. There is increasing nationa and
international interest in enhancing natural mechanisms to
slow the rate of atmospheric CO, increase, or in developing
new approaches to mitigate the current atmospheric rise in
CO; levels. A DOE report on carbon sequestration science
and technology (see reference 7) describes research needs
and technology requirements for sequestering carbon by
ocean and terrestrial systems, including a discussion of



advanced biological processes and chemical approaches.

This topic focuses on biological mechanisms that offer the
potential to dow the rate of atmospheric CO, increase,
convert carbon into relatively stable organic or inorganic
forms, and utilize biosystems to achieve the simultaneous
production of fuel or chemicals while sequestering carbon.
Research is needed to identify and quantify mechanisms for
CO, transformation at rates that will lead to the long term
fixation or sequestration of large quantities of carbon (i.e.,
wherel0,000 to 100,000 tonnes or more of carbon per year
transformed or fixed is considered significant) when applied
to either natural (e.g., unmanaged terrestrial ecosystems) or
managed biosystems.

Plants are known to fix CO, into biomass, and various
terrestrial and aguatic microbia populations also fix
greenhouse gases (CO,, CH, and CO), either incorporating
them into biomass or transforming them to potentially useful
organic compounds. Biochemical pathways have been
identified in unicellular microorganisms that carry out the
following transformations. (1) CO, to CH, (methanogens);
(2) CO, to organic material, i.e, biomass and/or other
potentially useful byproducts (nonmethanogenic autotrophs);
(33 CO to organic material (various, including
carboxydotrophs, and methylotrophs); and (4) CH; to
organic material (methanotrophs). These desired activities
are characteristic of bacteria, archaeae, unicellular algae, and
yeasts. The useful microorganisms may be either
photosynthetic (as are adgae and blue-green bacteria) or
nonphotosynthetic (most microorganisms).

In some cases, microbial carbon fixation activity leadsto the
direct production of long-chain hydrocarbons (up to Gg).
Both CH, and hydrocarbons are useful fuels, asisH,, which
is also produced by various microorganisms such as
autotrophs. This H-producing activity may occur directly
via carbon fixation, or indirectly by the reductive
biotransformation of organic carbon-sequestration products
by other microbes. Alternatively, some micro-organismsthat
are capable of fixing CO,, CHy4, or CO, may instead, when
coupled to other fermentative microbial cultures (e.g.,
bacteria or yeast) in a two-stage process, transform the
gaseous substrates to useful alcohols (e.g., ethanol or 2,3
butanediol).  Other two-stage processes can produce
oxychemicals that are themselves valuable commodity
chemicals (acetate, lactate, acetaldehyde, acetoin, etc.).

Grant applications must provide for a systematic evaluation
of proposed biological mechanisms and carbon sequestration
systems. Estimates of the amount of CO, transformed also
must be provided, and any assumptions concerning quantities
and conditions for carbon fixation and sequestration must be
clearly defined. Feasihility tests (analytical, bench, or field)

performed in Phase | must demonstrate that the proposed
approach, when scaled up, could theoretically result in a
significant rate reduction in atmospheric CO, concentration,
significant sequestered amounts of carbon, or the production
of significant amounts of value-added food, fiber, chemicals,
construction materials, or fuel products. Phase | should
provide preliminary data on prospective rates and quantities
of enhanced carbon transformation and sequestration with
more comprehensive and peer-reviewed data sets devel oped
in Phase Il. Grant applications proposing only computer
modeling without improvements in physical mechanisms or
field approaches will not be considered.

The facilities and expertise of the DOE Consortium for

Research on Carbon Sequestration in Terrestrial Ecosystems
(CSITE) can be made available to potential SBIR applicants
tothistopic. The CSITE isaconsortium based at Oak Ridge
National Laboratory (ORNL), Pacific Northwest National

Laboratory (PNNL), and Argonne Nationa Laboratory
(ANL). The co-directors are Gary Jacobs (ORNL/e-mall:
jacobsgk@ornl.gov) and Blaine Metting (PNNL/e-mail:
fb_metting@pnl.gov). Scientists at Texas A&M University,
Colorado State University, the University of Washington,
North Carolina State University, and the Joanneum Research
Institute in Austria can aso provide support to potentia

applicants. The DOE aso supports carbon sequestration
research at the National Energy Technology Laboratory
(NETL). Grant applications are sought only in the
following subtopics:

a. Plant and Soil Sequestr ation of Carbon—
Terrestrial vascular plants effectively capture CO, from the
atmosphere and produce organic compounds, which sustain
productivity of the Earth’s ecosystems. Some of the fixed
carbon is sequestered in soils or sediments and in wood
products of terrestrial ecosystems. Woody species, for
example, sequester carbon as lignocellulose, which is a
stored product for the lifetime of the tree. Also, above- and
below-ground biomass carbon contributes to soil organic
matter, which may store carbon for long periods of time.
Grant applications are sought to identify and quantify the
biological pathways and mechanisms leading to increased
guantities of carbon sequestration by biotic and soil
components of terrestrial ecosystems. Areas of particular
interestinclude: (1) research on plant metabolic pathways or
mechanisms that allow increased CO, fixation rates, achieved
through conventional molecular or traditional genetic means,
and leading to overal productivity increases, (2) novel
technologies for managing vegetation (such as cost-effective
nutrient management, forest regeneration, and ecosystem
modification) to enhance carbon uptake and retention,
thereby significantly increasing CO, fixation and C storage;



(3) techniques for increasing the fraction of recalcitrant
organic compounds produced during natural microbial
conversion of plant biomass in soils, resulting in increased
long-term G-storage; and (4) measurement techniques that
would alow for the validation of technologies developed to
enhance net long-term C sequestration in man-made and
natural environments.

Proposed approaches should exhibit a capability to increase,
or to measure increases of, carbon fixation or sequestration
by at least 1 tonne per hectare per year. Grant applications
should provide information about rates and quantities of
carbon fixation or sequestration enhancement by the
proposed technologies. Phase | must demonstrate basic
feasibility and efficacy of proposed sequestration
mechanisms, with the larger field-scale applications designed
and tested in Phase I1.

b. Development of Enhanced Carbon-Sequestering
Biosystems—Previously-identified, naturally-occurring
cultures have been shown to fix carbon aong with the
production of fuels or commodity chemicals. Grant
applications are sought to further optimize these processes
via one or more hiotechnological techniques (strain
improvement including the use of genetic engineering, culture
medium optimization, novel reactor design, or improved
reactor operation). Desired improvements should increase
carbon sequestration rates by at least 50%. Grant
applications should focus on: (1) the development of
microbial cultures with improved carbon-segquestering
abilities, (2) the development of improved reactors or their
operating protocols configurations that support improved
growth, or (3) a combination of (1) and (2). Phase | must
demonstrate the improved carbon sequestration biosystem(s)
on a bench scale. Larger, pilot-scale demonstrations would
be tested in Phase |1.

c. Production of Commodity Chemicals—Grant
applications are sought to identify and characterize new one-
or two-stage biosystems capable of fixing carbon along with
the production of nonfuel commodity chemicals — acids,
alcohols, and/or aldehydes. (“Stage’ refers to a discrete
microbia culture containing either a single organism or a
consortium — two-stage cultures are operated sequentialy.
“Biosystem” refers to a culture grown in a bioreactor.)

Although a single biosystem would not be expected to
perform all of these tasks, a single stage biosystem that
produced large amounts of biosolids would still be of interest
— provided that the biosolids could be used as petrochemical-
sparing feedstocks for chemical production (either via
traditional methods or as agricultural soil amendments via
composting). For biosolids produced as chemica

feedstocks, no specia attributes are required. However,
biosolids produced for agricultural purposes must be more
resistant to subsequent biodegradation than typical cellulosic
materials. Areas of interest include (1) the identification of
new, naturally-occurring microorganisms with acceptable
carbon-sequestering abilities; (2) the identification of novel
configurations for growth of useful microorganisms at the
expenseof greenhouse gases, or (3) acombination of (1) and

().

Proposed approaches based on these new biosystems must
show significant potential for rapidly fixing large quantities of
carbon. An acceptable carbon sequestration rate would be
the consumption of at least 5 grams of carbon (expressed on
an atom basis) per gram cell dry weight per hour, a an
ambient temperature of at least 15 degrees C. This rate
corresponds to a generation time of no less than
approximately 24 hours. Inthe case of chemical production,
the overall process must demonstrate anet CO, consumption
through the formation of biomass as a by-product. (It is
understood that CO, production, through normal cell
metabolism, is unavoidable, but significant net yield of fixed
carbon should be the design objective and performance
measure.) Phase | must demonstrate basic feasibility and
efficacy of the proposed carbon sequestration mechanisms
on a bench scale. Larger, pilot-scale demonstrations with
emphasis on yield performance would be tested in Phase 1.

d. Production of Fuel Chemicals—Grant applicationsare
sought to identify and characterize new one- or two-culture
biosystems capable of fixing carbon along with production of
fuel chemicals — H,, CH;, fuel hydrocarbons including ails,
or fuel acohols such as ethanol. Areas of interest include:
(1) the identification of new, naturaly-occurring
microorganisms with acceptable carbon-sequestering
abilities, (2) the identification of novel configurations for
growth of useful microorganisms at the expense of
greenhouse gases, or (3) acombination of (1) and (2). Itis
understood that no single biosystem would be capable of
performing all of these tasks.

Proposed approaches based on these new biosystems must
show significant potential for rapidly fixing large quantities of
carbon. An acceptable carbon sequestration rate would be
the consumption of at least 5 grams of carbon (expressed on
an atom basis) per gram cell dry weight per hour, a an
ambient temperature of at least 15 degrees C. This rate
corresponds to a generation time of no less than
approximately 24 hours. Inthe case of chemical production,
the overall process must demonstrate anet CO, consumption
through the formation of biomass as a by-product. (It is
understood that CO, production, through normal cell
metabolism, is unavoidable, but significant net yield of fixed



carbon should be the design objective and performance
measure.) Phase | must demonstrate basic feasibility and
efficacy of the proposed carbon sequestration mechanisms
on a bench scale. Larger, pilot-scale demonstrations with
emphasis on yield performance would be tested in Phase 1.
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9. MEASUREMENT/MONITORING
TECHNOLOGIESFOR THE
SUBSURFACE ENVIRONMENT

The characterization and monitoring of soils, subsurface
sediments, and groundwater are important elements of
Department of Energy (DOE) research efforts. Objectives
include determining the fate and transport of wastes
generated from past weapons production activities and from
current energy production activities, evaluating the risks of
energy-related contaminants to human health and
ecosystems, and assessing and controlling processes to
remediate contaminants. Grant applications submitted to this
topic must detail why and how proposed in situ field
technologies will substantially improve the state-of-the-art
and must include bench tests to demonstrate the technol ogy.
Projected dates for likely operational field deployment must
be clearly stated. New or advanced field technologies that
operate under field conditions with mixed/multiple
contaminants and that can be deployed in 23 years will
receive selection priority. Claimsof commercial potential for
proposed technologies must be supported by information
such as endorsements from relevant industrial sectors,
market analysis, or identification of commercid spin-offs.
Grant applicationsthat proposeincremental improvements or
enhancements to existing technologies are not of interest and
will be declined, as will enhancements to predictive models.
For some of the following subtopics, collaboration with
government laboratories or universities may speed the
development of the measurement or monitoring technology.
For example, the Environmental Molecular Sciences
Laboratory, aDOE scientific user facility located in Richland,
WA, can provide anaytical instrumentation and capabilities
with direct application to sensor development and testing.
Potential applicants are invited to consult web sites for their
Chemistry and Engineering
(http://www.emsl.pnl.gov:2080/homes/ice/ —for subtopicsa,
b, and c) and Environmental Dynamics and Simulation
(http://www.emsl.pnl.gov:2080/homes/eds/ — for subtopic b)
groups. Grant applications must describe, in the technical
approach or work plan, the purpose and specific benefits of
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any proposed teaming arrangements. Grant applications
are sought only in the following subtopics:

a. Real-Time, In Situ Measurements in Sails,
Subsurface Sediments, or Groundwater—Thereisaneed
for sensitive, accurate, and real-time monitoring of
geochemical and hydrogeologic processes and their
interactions with microorganisms in contaminated soils,
sediments, or groundwater environments (hereafter referred
to asthe subsurface). The use of highly sensitive monitoring
devices in the subsurface (in situ) would allow for low-cost
field deployment in remote locations and an enhanced ability
to monitor processes at finer levels of resolution. For this
subtopic, the following radionuclides and metals are of
interest: americium, cesium, chromium, cobalt, mercury,
plutonium, strontium, technetium, and uranium. In addition,
chelators such as ethylenediaminetetraacetic acid (EDTA),
nitrilotriacetic acid (NTA), and catechol derivatives (e.g.,
disodium-1.2-dihydroxybenzene-3,5,-disulfonate) will be
considered. Grant applications that address other
contaminants will be declined.

Grant applications are sought to develops sensors and
systems to: (1) detect hydrogeologic and biogeochemical
processes that control the transport, dispersion, or
transformation of contaminants (particularly metals and
radionuclides) in the subsurface; (2) determine
characteristics such as concentration, movement, or
speciation of contaminants in the subsurface; and/or (3)
measure mass-transfer processes and rates within and among
individua pores in the subsurface. Grant applications must
provide convincing documentation (experimental data,
calculations, etc.) that the sensing method is both highly
sensitive (i.e., low detection limit) and highly selectiveto the
target anadyte (i.e, immune to  anticipated
physical/chemical/biological interferences). Approachestha
leave significant doubt regarding sensor functionality in
reaistic multi-component samples will be ecluded from
consideration.

Grant applications are a so sought for integrated sensing and
controller/signal processing systems for autonomous or
unattended applications of the above measurement needs.
Innovative integration of components (such as micro-
machined pumps, valves, and micro-sensors) into acomplete
sensor package with field applicationsin the subsurface will
be considered responsive to this subtopic.

Approaches of interest could include fiber optic, solid-state,
chemical, silicon micro-machined sensors, or biosensors
(devices employing biological molecules or systems in the
sensing elements) that can be used in the field. Biosensing

V)

systems may incorporate, but are not limited to, whole cell
biosensors (i.e., chemoluminescent or bioluminescent
systems), enzyme or immunology-linked detection systems
(eg., enzymelinked immunosensors incorporating
colorimetric or fluorescent portable detectors), lipid
characterization systems, or DNA/RNA probe technology
with amplification and hybridization. Assubstantial progress
has been made in fiber optics and chemica sensing
technology in the last decade, grant applicationsthat propose
minor adaptations of readily available materials/hardware,
and/or cannot demonstrate substantial improvements over the
current state-of-the-art, are not of interest and will be
declined.

b. Phytoremediation and Mycoremediation Monitoring
of Soilsand Sediments—New approachesto the restoration
of contaminated areas - phytoremediation and
mycoremediation — are being considered for use at DOE
sites. Phytoremediation involves the use of living plants to
extract and remove metals, radionuclides, and organic
contaminants from soils, subsurface sediments, or
groundwater. Mycoremediation exploitsthe natural ability of
fungi D extract contaminants from soils and concentrate
them in fungal tissues aboveground. Innovative methods are
needed to monitor the performance or effectiveness of these
and other bioremediation processes, particularly at the field
scale. Performance or défectiveness monitoring will be
needed to determine whether cleanup levels have been met.
For this subtopic, the contaminants of interest include a
number of metals and radionuclides (americium, cesium,
chromium, cobalt, mercury, plutonium, strontium,
technetium, and uranium), chelators, chlorinated organics,
and ketones.

Grant applications are sought to develop technology for
monitoring the following parameters of plants and fungi used
in phytoremediation and mycoremediation, respectively: (1)
the concentration and partitioning of contaminants in plant
roots (sorbed or bound and internal), shoots, stems, and
leaves; (2) the concentration and partitioning of contaminants
in fungal vegetative vs. aerial mycelium; (3) root or mycelial
depth, distribution, density, and diameter: (4) mortdlity,
health, and vigor of plants or fungi (stress indicator); (5)
photosynthetic rates, in plants; or carbon assimilation rates,
in fungi; (6) leaf area and evapotranspiration, in plants; or
fruiting body dimensions, in fungi; and/or (7) plant or fungal
tolerance or sensitivity to contaminants of interest.

Potential monitoring technologies could include any of the
following techniques: (1) spectra reflectance and thermal
infrared measurement techniques, (2) laser-induced
fluorescence spectroscopy and laser-induced fluorescence



imaging, (3) laser-induced breakdown spectroscopy, (4) x-
ray fluorescence, (5) ground-penetrating radar measurement,
(6) chlorophyll fluorescence measurement, (7) EL I SA-basd,
respirometric, or other biochemical measurement of
metabolite production, and (8) molecular monitoring of soil
and rhizosphere microbiology. Both remote monitoring and
in situ monitoring approaches are of interest. Proposed
technologies should significantly improve the speed,
efficiency, and cost of current monitoring methods. While
initial proof of principle experiments may focuson onesingle
contaminant, the technology ultimately must be able to
operate under mixed contaminant conditions such as those
commonly found at DOE sites.

In addition to the potential sourcesfor collaboration identified
in the Introduction to this topic, scientists at the Savannah
River Ecology Laboratory, located at the Savannah River Site
in Aiken, SC, ae involved in severa on-going
phytoremediation research projects (see references).

c. Sensor Technology for Monitoring Tank Waste—
Grant applications are sought for the long-term monitoring of
gases or liquids released from, or contained within, tanks
containing mixtures of contaminants. Sensorswould beused
to detect and/or quantify contaminants, or their degradation
products, in off-gases, effluents, or other samples. Sensors
could also be used in situ to monitor changes in waste
chemistry during storage. Contaminants of interest include a
number of metals and radionuclides (americium, cesium,
chromium, cobalt, mercury, plutonium, strontium,
technetium, and uranium); anions such as nitrate; chelators;
extractants such as tributyl phosphate; chlorinated organics;
and ketones. Relevant wastes are expected to contain more
than one type of contaminant; the sensor technol ogy must be
both sensitive and specific for targeted contaminant(s).

Development of robust sensors, capable of use with high-
level waste, is encouraged. However, sensors suitable for
use with other waste types (such as low-level, mixed, or
hazardous) are equally desirable.

d. Debris Characterization Technology—As aresult of
the deterioration of storage drums, radionuclides have been
released to surface and subsurface soils surrounding storage
areas at sites within the Department of Energy complex. The
soils of interest are non-homogeneous, consisting of soil,
pebbles, cabbles, and small rocks. Grant applications are
sought for a soil/debris characterization technology or
combination of technologies for the in situ, real-time
determination of radioactive contaminants, in order to reduce
the volume of material to be excavated. For this subtopic,
contaminants of interest to DOE include the following metals
and radionuclides. americium, cesium, chromium, cobalt,

plutonium, strontium, technetium, and uranium. To make
informed, site-specific remediation decisions, the technology
must be capable of providing rea-time, in situ measurements
of site-specific radioactive contaminants within buried debris
prior to the removal or disturbance of the debris, which may
be buried up to 20 feet deep. Expected detection limits for
proposed approaches must be identified in the grant
application.
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PROGRAM AREA OVERVIEW - ENVIRONMENTAL
MANAGEMENT

http://www.em.doe.gov

With the end of the Cold War, the Department of Energy (DOE) is focusing on understanding and eliminating the enormous
environmental problems created by the Department's historical mission of nuclear weapons production. The DOE's Office of
Environmental Management (EM) seeks to eliminate these threats to human health and the environment, as well as to prevent
pollution from on-going activities. The goals for waste management and environmental remediation include meeting regulatory
compliance agreements, reducing the cost and risk associated with waste treatment and disposal, and expediently deploying
technologiesto accomplish these activities. While radioactive contaminants are the prime concern, hazardous metals and organics,
as defined by the Resource Conservation and Recovery Act (RCRA), are also important.

EM responsihilities include the remediation of radioactive and toxic wastes to their original background levels and the deactivation
and decommissioning (D& D) of thousands of contaminated facilities. With regard to site remediation, DOE isresponsible to locate
and remediate plumes to prevent contamination of groundwater as well as the potential off-site migration of the contaminated
plume. New or improved technologies are sought to address issues related to materias for reactive barriers and for in situ
monitoring systems to facilitate the use of reactive barriers. DOE is aso responsible for reducing the volume of contaminated
concrete and associated waste streams; therefore, new or improved technologies are needed to separate contaminates from
concrete. DOE also sponsors research to reduce risksto workers from potential exposures associated with decontamination and



decommissioning activities, therefore, new or improved technologies are sought for remote cutting or sizing technologies and for

multi-purpose remote platforms.

The following two topics solicit grant applications for reactive barriers and monitoring systems for groundwater remediation and
decontamination and decommissioning of facilities. Background information on the research needs associated with these topics can
be found on the World Wide Web (ttp://www.em.doe.gov), by clicking on a State and under the Office of Science and

Technology (http://apps.em.doe.gov/ost).

10.
REACTIVE BARRIERS AND
MONITORING SYSTEMS FOR
SUBSURFACE REMEDIATION

Several DOE sites have plumes in the subsurface that
are contaminated with metals, organics, and/or
radionuclides. The plumes identified at DOE sites
include a trichloroethylene-technetium plume at
Paducah, a carbon tetrachloride plume at Hanford, a
mercury plume at Oak Ridge, a polychlorinated
biphenyl (PCB) plume at Oak Ridge, a uranium plume
at Fernald, and a chromium plume at Lawrence
Livermore. Details on these and other plumes can be
found on the web at www.em.doe.gov. The current
approach to remediating these plumes, once they are
located, involves pump-and-treat operations, a process
that manages, but may not eliminate, the risks
associated with the plumes. A further concern is that
the life-cycle costs for pump-and-treat operations may
be significant and may impede final site closure.
Another approach, which could be used along with
pump-and-treat operations, involves the construction of
barriers that react with the contaminant to prevent
plume spread. The reactions are intended to convert
the plume into a non-mobile form or to convert the
contaminants into non-toxic materials. Both strategies
may be required in order to eliminate both the risks
associated with the contaminants as well as the
potential for off-site contamination. In addition, reactive
barriers may offer better life-cycle costs, better
protection for the environment, and the elimination of
some of the risks associated with contaminated plumes.
However, before any approach can be attempted, the
nature of the contamination must be characterized,
often in difficult-to-access locations.  Additional
information on these needs can be found at the
following websites:
http://apps.em.doe.gov/ost/progstcg.html and
http://www.cmst.org. Grant applications are sought
only in the following subtopics:

a. Materials for Reactive Barriers—Reactive barriers

R usually consist of deep beds of reactive materia (e. g., zero-

valent iron, ion-exchange materials) placed in the path of the
plume. A barrier could also be formed by incorporating
reactive compounds in the soil in the path of the plume,
including the soil surrounding the source of contamination.
Because long-term plume control is desired, the barrier must
contain sufficient material for treating al the contaminant in
the plume or else the barrier material must be economically
replaceable. Grant applications are sought to develop new
barrier materidls with either reactive or absorptive
capabilities. Contaminants of interest include halogenated
hydrocarbons such astrichloroethylene, carbon tetrachloride,
and PCBs; inorganic contaminants such as lead, chromium,
mercury, and other RCRA metals; and radioactive isotopes
such as those of uranium, technetium, strontium, and
cesum. Grant applications should clearly identify the
contaminants to be addressed and the soil and subsurface
conditions for the reactive barrier. Of particular interest are
barrier materias capable of removing or stabilizing more than
one contaminant. Barrier materials (1) must be capable of
effective operation for long periods of time; (2) must be
sufficiently selective so as not to be quickly consumed (if
reactive materials) or loaded (if absorptive) by non-
contaminant plume materials (target contaminants usualy
represent only a tiny fraction of plume material, and bulk
ions, such as calcium and magnesium, which are almost
always present in groundwater, must not load any reactive
material or displace absorbed contaminant); and (3) must not
degrade in use by, for example, biodegradation of organic
barrier materials or poisoning of reactive materias. Finaly, it
is desirable that any spent barrier be easily disposed of in
place or elsewhere. This requires that the spent barrier
material be sufficiently stable to last indefinitely, be able to
convert the pollutant into astable form (as by mineralization),
or be able to be regenerated.

b. In Situ Monitoring Systemsto Facilitate the Use of
Reactive Barriers—Monitoring systems are needed to
determine the performance and integrity of reactive barriers.
The development and deployment of such systems involves
numerous challenges. Technical challenges include
determining appropriate indicator parametersfor the plume of
interest, ensuring the longevity and continued integrity of the



monitoring system itself, identifying appropriate ways of

communi cating monitoring dataand other information to and
from the system, and determining reliable maintenance
strategies and schedules for the systems.  Additional
challenges involve replacing conventiona monitoring
practices, based on laboratory analysis of manually obtained
samples, with strategies based on such remote monitoring
systems, and achieving the acceptance of new systems and
strategies by regulators and stakeholders. Grant applications
are sought to develop in situ remote monitoring systems for
reactive barriers. Proposed systems should include: (1)

autonomous reporting via secure wireless communications
with a central information processing facility; (2) low power
requirements, preferably using on-site solar panels; (3) no
need, or at most minimal need, to recharge reagents; (4)
zero, or at most minimal, production of secondary wastes;
and (5) a capacity for self-testing and autocalibration.

Contaminants of interest include any of the halogenated

organic constituents, inorganics such as RCRA metals, and
radionuclides. Grant applications should clearly identify the
contaminants to be addressed and associated detection limits
for the monitoring systems. Systems that are capable of
detecting and quantifying multiple contaminants within a
class, either without modification or with minor adjustments
that can be made during system deployment, would be
particularly useful. Communications support for such
monitoring systems are available and, therefore, are not

sought in this solicitation.

C. Characterization Technologies for Difficult
Subsurface Settings—Soil and groundwater at many DOE
sites have been contaminated with organic solvents, heavy
metals, and radionuclides as a result of past operational and
disposal practices. Often, this contamination occurs in
subsurface settings that are difficult to efficiently and cost-
effectively access for the purpose of characterizing the
location and quantity of contamination. Specific examples of
these subsurface settings include contamination that is:
beneath buildings and other manmade structures such as
underground tanks and buried pipelines; at depths that reach
45 meters or more; in difficult-to penetrate sediments such as
beds of gravel or layers of caliche; and in highly
heterogeneous geologic settings such as sediment facies
containing complex interbeds and other structures for which
fluid flow predictions are difficult. Grant applications are
sought to reduce the cost or expand the capabilities
characterizing and monitoring contaminants in difficult-to-
access subsurface settings. Proposed approaches should
include: (1) capability of providing rea-time data, (2)
detection limits down to required remediation levels, (3)
capability of downloading data into computer systems for
analysis and retrieval; and (4) ruggedness.
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11.DECONTAMINATION AND
DECOMMISSIONING OF FACILITIES

The DOE is responsible for the deactivation and
decommissioning of numerous buildings and facilities that
have handled toxic and radioactive materials since the 1940s.
These facilities were used for chemical separations,
component and weapons fabrication, fuel/target fabrication,
reactor operations, enrichment operations, and mining,
milling, and refining. Deactivation refers to ceasing facility
operations and placing the facility in a safe and stable
condition to prevent unacceptable exposure of people or the
environment to radioactive and other hazardous materials
until the facility can be decommissioned. Decommissioning
isthe process of decontaminating or removing contaminated
material and equipment to achieve the end state for the
facility. Desired end states include complete remova and
remediation of the facility, facility entombment, and release



of the facility for either unrestricted or restricted use.

This topic focuses on three issues of concern to D&D
operations; removing contaminants from concrete, using
robotic technologies to reduce exposure to workers, and
controlling airborne radiological contamination. Among
contaminated materials, concrete is pervasive within these
buildings and facilities, and particular attention must be paid
to recycling the concrete and disposing of concrete debris.
Improved robotic technologies would alow for remote
operation, lower the risks to health and safety, and reduce
lifecycle costs. Better control of airborne contaminants
would further reduce health and safety risks to D&D
workers and the environment during dismantlement or
disassembly operations. Grant applications are sought
only in the following subtopics:

a. Separation Technologies for the Removal of
Contaminants from Concrete—The concretein buildings
and structures of DOE facilities is found in floors, walls,
concrete covered beams and posts, etc. The concrete might
be found cast in place or in concrete blocks, and its surfaces
may contain paint or other coatings. Since concrete is a
porous material, contamination could have penetrated a short
distancebelow the surface; if the concrete were cracked, the
penetration might be much greater. Grant applications are
sought for new or improved methods for removing solvents,
toxic metals, and/or radionuclides from concrete, including
contaminants that may have penetrated short distances from
the surface. Approaches of interest include electrokinetic
methods, supercritical fluid extractions, and advanced
leaching technologies. One or more of the following forms
of contaminated concrete should be addressed: (1) concrete
infloors, walls, and other structuresin existing buildings; (2)
scabble particles (residue left after physical methods remove
the outer inch or so of the concrete surface, where most
contamination is concentrated); (3) concrete rubble
remaining after building demolition. Phase | should include
tests on concrete with simulated contamination from stable
isotopes of cesium and strontium, solvent, or toxic metals.
Grant applications should explain how the contaminated

concrete will be prepared and indicate what outcome (or

range of outcomes) will be used to determine whether the
proposed concept is working.

b. Robotic Technologies for Automated Deactivation
and Decommissioning—D& D activities require workersto
routinely enter areas contaminated with radioactive and other
hazardous materials and work with powerful heavy
equipment that is capable of breaching protective clothing.
To reduce the potential risk to workers, there is a need for
new or improved robotics and intelligent machines to

perform these D& D functions remotely. Such improvements
would be expected to reduce life-cycle costs and to lower
health and safety risks to workers. Grant applications are
sought to develop (1) a more efficient and universal remote
cutting device and/or (2) a multi-purpose remote platform.
Regarding (1) above, most cutting devices are material-
specific, or function only on a limited number of materias.
A universal cutter would function on amultitude of materials,
shapes, and sizes and be adaptable for use on multiple robotic
arms. The remote cutter must be capable of remote
maintenance and produce a minimum amount of residual

waste from the cutting process. Regarding (2) above, the
multi-purpose remote platform must be equipped with an
interchangeabl e gpparatus capable of performing avariety of
tasks including size reduction, radiation characterization,

decontamination, and materials handling. The platform must
be capabl e of operation in compact and congested areas, and
tetherless operation is preferred.

c. Control of Airborne Radiological Contamination—
Many facilities throughout the DOE complex are
radiologically contaminated. This contamination has the
potential to become airborne during dismantlement or
disassembly operations as pat of deactivation and
decommissioning (D&D) activities. Radiological
contamination poses safety and health risks to D&D
workers, peripheral workers, and to the environment. Grant
applications are sought to develop: (1) techniques to
permanently affix the contamination without risking worker
hedth or the environment; (2) techniques to completely
capture removabl e contaminants so that thereis no possibility
of airborne radionuclide particles; (3) low-cost systems or
materials to control loose surface contamination in the form
of low-level apha emitters, which are difficult to detect but
pose risks to worker health and safety; (4) a fixative to
contain dispersible apha contamination — the fixative must
be easily applied to a variety of surfaces, last at least 20
years, and be easy to remove during the eventua
decontamination of the facility; and (5) a method to capture
airborne apha contamination from a work area, such as a
materials processing facility. Proposed approaches must not
pose any additional hazard to workers, and must be at least
as efficient as a glove bag. Any fixatives developed must
meet Waste Acceptance Criteria (WAC) for the Waste
Isolation Pilot Plant (WIPP).
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PROGRAM AREA OVERVIEW -

NUCLEAR ENERGY, SCIENCE AND TECHNOLOGY

http://www.nuclear.gov

Continued use of nuclear power is an important part of the Department's strategy to provide for the Nation's energy security, as
well as to be responsible stewards of the environment. Nuclear energy research currently provides over 20 percent of the U.S.
electricity generation and will continue to provide a significant portion of U.S. electrical energy production for many yearsto come.
Also, nuclear power in the U.S. makes a significant contribution to lowering the emission of gases associated with global climate
change and air pollution.

The Office of Nuclear Energy, Science and Technology (NE) enablesthe Department of Energy to provide the technical leadership
necessary to address critical domestic and international nuclear issues by administering research and development and technical
assistance in the following general areas: (1) the Nuclear Energy Research Initiative (NERI) Program addresses key issues affecting
the future of nuclear energy in order to preserve U.S. nuclear science and technology leadership, (2) the Radioisotope Power
Systems Program develops new state-of-the-art radioisotope power systems to support the NASA space missionsand terrestrial
applications for other agencies, (3) the Nuclear Energy Plant Optimization (NEPO) Program conducts research to assure the
continued safe and reliable operations of over 100 of the Nation's nuclear power plants, (4) the University Reactor Fuel and
Educational Assistance Program is designed to help retain the U.S. nuclear engineering capability for conducting nuclear research,
addressing pressing nuclear environmental challenges, and preserving the nuclear energy option, and (5) the Isotope Production
Program produces and sells hundreds of stable and radioactive isotopes that are widely used by domestic and international
customers for medicine, industry and research applications.



12. ADVANCED TECHNOLOGIES FOR
NUCLEAR ENERGY

Nuclear power provides over 20 percent of the U.S.
electricity supply without emitting harmful air pollutants,
including those that may cause adverse globa climate
changes. New methods and technologies are needed to
address key issues that affect the future deployment of
nuclear energy and to preserve the U.S. leadership in nuclear
technology and engineering. This topic addresses severa of
these key technology areas. improvementsin nuclear reactor
technology, computer simulation and modeling applications,
and advanced thermoelectric conversion devices and
materials for improved radioisotope power systems. Grant
applications ar e sought only in the following subtopics:

a. New Technology for Improved Nuclear Energy
Systems—Improvements and advances are needed for
reactor systems and component technologies that ultimately
would be used in the design, construction, or operation of
existing and future nuclear power plants and Generation IV
nuclear power systems [See References 1-5]. Grant
applications are sought: (1) to improve and optimize nuclear
power plant, systems, and component instrumentation and
control, by developing and improving the reliability of
advanced instrumentation, sensors, controls, and more
accurate measurement of key reactor and plant parameters;
(2) to improve monitoring of plant equipment performance
and aging, using improved diagnostic techniques for in-
service and non-destructive examinations, and (3) for
advanced reactor/core computer simulation methods
including advanced reactor design model code development;
coupled/parallel  thermal-hydraulic-reactor physics tools;
safety and performance eval uation methods; and engineering
calculations for new and existing nuclear reactors, major
reactor components, and reactor core and fuel assemblies.
Please note that the following areas of investigation are not of
interest and will be declined: conceptsfor complete or partia
reactor plant designs; generalized thermal-hydraulicsanaysis
(e.g. CFD or two-fluid codes) and probabilistic risk
assessment tools or methods; and NRC licensing and site
permit issues. In addition, grant applications that deal with
nuclear materials, chemistry, and/or corrosion research are
also not of interest for this topic and should be submitted
instead under Topic 13.

b. Conversion Devices and Materials for Improved
Performance of Radioisotope Power Systems—
Radioisotope Thermoelectric Generators (RTG) have been
the sole electrical power systems employed for NASA deep
space exploration missions such as Voyager 1 and 2, Galileo,

Ulysses, and more recently Cassini [See References 1, 6-8].
These power systems provide units of power equa to
nomindly 100 -150 watts electrical. The RTG provide very
long life reliability, but their conversion efficiencies are low,
typicaly 6.5 to 7.5 percent when the silicon-germanium
(SiGe) unicouple is used as the thermoelectric conversion
device. Because of changesin mission plans and philosophy,
future NASA requirements will include higher conversion-
efficiency units with power levels from 50 to about 200
watts in planetary surface and deep space vacuum
environments. In anticipation of these future needs, grant
applications are sought to devel op and demonstrate separator
materials or separation devicesin closed-space thermodectric
modules. The idea separator material should have low
thermal conductivity, be an electrical insulator, prevent
diffusion of dopant materials, and limit the mass transfer of
thermoelectric materials over the module's long operating
lifetime. Approaches should focus on one of the following
thermoelectric elements. (1) PbTe/TAGS (TAGS is derived
from the names of the major constituents - tellurium,
antimony, germanium, and silver) at a hot-side temperature
of 550°C, or (2) SiGe at a hot-side temperature of 1000°C.
Grant applications should also address improvements in
efficiency that would result from the new materials or
devices.

Refer ences:

1. What's News, U.S. DOE, Office of Nuclear Energy,
Science and Technology, http://www.nuclear.gov

2. Moving Forward: Generation IV Nuclear Energy
Systems, Office of Nuclear Energy, Science and
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3. Nuclear Energy Research Initiative (NERI)
Office of Nuclear Energy, Science and Technology,
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4. Nuclear Energy Plant Optimization Program (NEPO),
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6. Proceedings of the Space Technology & Applications
International Forum (STAIF), 1997 to date. (Available
on the Web at:

Aeronautics and Astronautics, 1985 to date. (American
Institute of Aeronautics and Astronautics. Telephone
703-264-7500. Web Site: http://www.aiaa.org)

http://www-chne.unm.edu/isnps)

8. Rowe, D. M., ed., CRC Handbook of Thermoelectrics,
7. Proceedings of the Intersociety Energy Conversion CRC  Press, 1995 (ISBN:  0-8493-0146-7)
Engineering Conferences, American Ingtitute of

PROGRAM AREA OVERVIEW - BASIC ENERGY SCIENCES

http://www.sc.doe.gov/production/bes/bes.html

The Basic Energy Sciences (BES) program supports fundamental research in the natural sciences leading to new and improved
energy technologies. The program's purposeisto create new scientific knowledge by supporting basic, peer-reviewed researchin
areas of materials sciences, chemical sciences, geosciences, plant and microbial biosciences, and engineering sciences that are
relevant to energy resources, production, conversion, and efficiency. The results of BES-supported research are routinely published
in the open literature.

A key function of the programisto plan, construct, and operate premier national user facilitiesto serve researchers at universities,
national laboratories, and industrial |aboratories, thus enabling the acquisition of new knowledge that cannot be obtained in any other
way. The scientific facilities include synchrotron radiation light sources, high-flux neutron sources, electron-beam
microcharacterization centers, and specialized facilities such as the Combustion Research Facility. These national resources are
available free of charge to all researchers based on the quality and importance of proposed nonpropriety experiments.

A magjor objective of the BES program is to promote the transfer of the results of our basic research to advance and develop
technologies important to the private sector and Department of Energy (DOE) missionsin areas of energy efficiency, renewable
energy resources, improved use of fossil fuels, mitigation of the adverse impacts of energy production and use, and future fusion
energy sources. Thefollowing set of technical topics represents one important mechanism by which the BES program augmentsits
system of university and laboratory research programs and integrates basic science, applied research, and development activities

within the DOE.

13.MATERIALS RESEARCH FOR
ADVANCED NUCLEAR ENERGY
SYSTEMS

The Generation IV nuclear energy initiativeisan international
collaboration to identify, assess, and develop sustainable
nuclear energy technologies that are competitive in most
markets, while further enhancing nuclear safety, minimizing
the nuclear waste burden, and further reducing the risk of
proliferation (reference 1). Many nuclear energy systems
have been proposed to advance the goals of the Generation
IV program (see references 2-8), including designs that use
liquid-metal coolants such as sodium and lead, gas coolants
such as helium, water coolants such as supercritical water,
and molten salt coolants. For these systems, operation at
higher temperature has been identified asameansto improve
economic performance and to support the thermochemical
production of hydrogen. However, the move to higher

operating temperatures will require the development and
gualification of advanced materias to perform in the more
challenging environment. As part of the process of
developing advanced materials for these reactor concepts, a
fundamental understanding of materials behavior must be
established and a database that defines the critical
performance limitations of these materials under irradiation
must be developed. A recent workshop details many of the
research chalenges for higher temperature materials
associated with proposed Generation 1V systems (reference
9). Grant applications are sought only in the following
subtopics:

a. Advanced Radiation Resistance Ferritic-Martensitic
Alloys—Because of their resistance to void swelling, 9 Cr
and 12 Cr ferritic-martensitic steels are considered prime
candidates for intermediate temperature reactors such asthe
proposed liquid metal and supercritical water concepts



operating in the temperature range of 400-750°C. However,
many ferritic-martensitic steels are limited by poor higher
temperature creep strength, typically degrading at
temperatures greater than 550-600°C (reference 10). Grant
applications are sought to improve the creep strength of 9 Cr
and 12 Cr ferritic-martensitic steels through aloying,
dispersion strengthening, or precipitation hardening.
Innovative aloys with protective coatings are also of interest.
Proposed approaches must provide for (1) isotropic creep
properties with strength greater than that of Sandvik HT9
sted, (2) a ductile to brittle transition temperature less than
room temperature, and (3) a minimum plane-strain fracture
toughness of 0.25s,. Alloying elements that act as neutron
poisons (e.g., boron) or that become highly activated in a
neutron spectrum (e.g, cobalt) must be minimized or
eliminated. Because the ferritic-martensitic steels likely
would be used in conjunction with sodium-cooled, lead- or
lead-bismuth-cooled, or supercritical water-cooled reactor
concepts, approaches that optimize corrosion performance
while achieving improved high temperature strength would be
considered high priority. Lastly, approaches that also
address irradiation performance are strongly encouraged.

b. Advanced Refractory, Ceramic, Ceramic Composite,
or Coated Materials—Some Generation 1V concepts aim
for very high temperature (>900°C) operation. However,
with the exception of limited data on SiC-based systems, the
radiation resistance of construction materials subjected to
very high temperatures has not been identified or proven.
Grant applications are sought to devel op advanced refractory,
ceramic, ceramic composite, or coated materials that can
meet the very demanding conditions required to operate at
temperatures greater than 900°C in afast spectrum nuclear
energy system. For these conditions, the materials should
have low therma expansion coefficients, excellent high
temperature strength, excellent high temperature creep
resistance, and good thermal conductivity. For post-
irradiation handling at lower temperatures, sufficient room
temperature fracture toughness must be maintained.
Additionally, the materials need to be easily fabricated and
capable of being joined. Because the reactors operating in
thistemperature regime are expected to be helium cooled, the
materials must have low erosion propertiesin flowing helium,
resist helium diffusion, and be able to survive an air ingress
condition. Because the high temperature strength and
corrosion resistance may be difficult to achieve with asingle
material, composite or coated systems may be required.

Finally, because sustainable nuclear energy systems may be
based on fast spectrum (i.e., fast flux) designs, materials
intended for fast reactor concepts should avoid low atomic
mass components such as hydrogen and carbon.

Refer ences:
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Wade, D. C., et al., Proceedings of the Tenth
International Conference on Nuclear Engineering
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(Paper No. ICONE 10-22405) (Available viaFAX from
DOE Office of Nuclear Energy, Science, and
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Hittner, D., Proceedings of the Tenth International
Conference on Nuclear Engineering (ICONE 10),
Arlington, VA, April 14-18, 2002, American Society of
Mechanical Engineers, 2002. (Paper No. 10-22423)*

King, R. L. and Porter, D. L., Proceedings of the Tenth
International Conference on Nuclear Engineering
(ICONE 10), Arlington, VA, April 14-18, 2002,
American Society of Mechanica Engineers, 2002.
(Paper No. 10-22524)*

Oka, Y. and Koshizuka, S., “Design Concept of Once
Through Cycle Supercritical-Pressure Light Water
Cooled Reactors,” Proceedings of  SCR-
2000: Inter national Symposium on Supercritical Water-
Cooled Reactors, Design and Technology, Tokyo, Japan,
November 6-9, 2000, Tokyo: Tokyo University, July 1,
2000. (ISBN: 4901332-00-4) (OSTI ID: 20218877)
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(Abstract available at:  http://www.osti.gov/doeecd/.
Under “Basic Search” enter OSTI 1D #.)

9. Allen, T., et a., Higher Temperature Reactor Materials
Workshop Sponsored by the Department of Energy
Office of Nuclear Energy, Science, and Technology (NE)
and the Office of Basic Energy Sciences (BES), La
Jolla, CA, March 18-21, 2002. (Report No. ANL-
02/12) (Available on the DOE Information Bridge at:
http://www.osti.gov/bridge/search.results.jsp?queryld=2
&start=0&)

10. Klueh, R. L. and Harries, D. L., High Chromium Ferritic
and Martensitic Seels for Nuclear Applications, West
Conshohocken, PA: American Society for Testing and
Materials, 2001. (Standard No: ISBN: 0803120907)

*  Abstract available at:
http://www.asmeconferences.org/iconel0/SearchPa
perSchedule.cfm.  To order proceedings see:
http://www.asmeconferences.org/iconel0/.

14 NEUTRON AND ELECTRON BEAM
INSTRUMENTATION

The Department of Energy supports anumber of large-scale,
national user facilitiesthat provide intense beams of neutrons
and electrons for the characterization of materials. Grant
applications are sought only in the following subtopics:

a. Neutron Facilities—As a unique and increasingly
utilized research tool, neutrons have made invaluable
contributions to the physical, chemical, and biological
sciences. The Department is committed to enhancing the
operation and instrumentation of its present and future
neutron science facilities so that their full potentia is realized.

Grant applications are sought to develop improved neutron
detectors and associated electronics needed for DOE's
existing and proposed steady-state and pulsed neutron
scattering facilities (References 1-2, 5). New detectors must
represent substantial improvements in one or more of the
following parameters:. efficiency at short wavelengths, high
counting rate capability, high spatia resolution in one or two
dimensions, cost per unit area, or adaptability to unique
geometries. Detectors for pulsed neutron applications must
be able to identify the time of arrival of each neutron. All
detectors must have low intrinsic dark count rates and low
sengitivity to gamma radiation.

Grant applications are adso sought to develop novel or
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improved neutron optical components for use in neutron
scattering instruments (References 2-3, 5). Such
componentsinclude, but are not limited to, neutron choppers,
neutron guides, neutron lenses and focusing mirrors, neutron
monochromators, or neutron polarization devices including
®He olarizing filters. Applications are also sought for novel
use of such components in neutron scattering instruments.

b. Electron Beam Microchar acterization Facilities—
The Department of Energy supports four collaborative
research centers for electron beam microcharacterization of
materials. These tools are important in the materials and
biological sciences and are used in numerous research
projects funded by the Department. Innovative
instrumentation devel opments offer the promise of radically
improving the  capabilities of €eectron beam
microcharacterization and thereby stimulate new innovations
in materials science. Grant applications submitted to this
subtopic must address improvements in electron beam
instrumentation capabilities beyond the present state-of -the-
art.

Grant applications are sought to develop stages, holders,
and/or detectors with new capabilities for quantifying data
and collection efficiency in electron beam instruments. Areas
of interest include: (1) extremely stable holders and stages
that allow long exposure/analysis times, with accurate tilting
and alignment capability (to an angle accuracy +0.05 degrees
on two axes while maintaining eucentricity to within 20 nm);
(2) fast CCD camera systems that alow electron imaging
exposure times in the millisecond range and kHz frame rates,
(3) high sensitivity electron imaging systems that allow
energy-filtered imaging over large areas (which may include
systems based on image-plate technology or montaging, and
frame-averaging software systems utilizing CCD cameras);
and (4) improved electron and x-ray detectorsthat are robust
and not susceptible to electron beam damage. Proposed
approaches for electron detectors must show suitability for
either low- or high-energy electrons, and address one or
more of the following three aspects. high quantum
efficiency, high spatial resolution, and high tempora
resolution. Proposed approaches for x-ray detectors should
show significant improvement in sensitivity or spectra
resolution for elemental analysis in electron microscopes.

Grant applications are also sought to develop stages and
holders with new capabilities for in situ experiments or
sample manipulation in the transmission el ectron microscope.
Stages and/or holders must provide for one or more of the
following: (1) application of magnetic field up to 5000 Oein
the plane of the specimen, with capability to rotate field
orientation in the specimen plane with respect to the sample;
(2) manipulation or measurement of the sample using a 4



probe nanomanipulator, including capability to measure
deflection or strain, or capability to apply electric fields or
current; and (3) precision control of specimen temperature
(to an accuracy of 10°C in the range 5-2000K), ambient gas
pressure and flow rate (to within several percent for each),
and alignment (to an angle accuracy +0.05 degrees on two
axes).

Grant applications are aso sought to develop electron
sources for scanning transmission electron microscopy with
brightness on the order 10° Amp/cr/steradian or higher.
Current sources are based on tungsten emitters, and it is
hoped that higher brightness can be achieved with new
materials and designs. Proposed electron sources must be
suitably robust for practical applications, have long lifetimes
(greater than 6 months), and offer a significant increase in
brightness over existing sources.

Grant applications are a so sought for systems for automated
data collection, processing, and quantification. Systems
should include hardware and platform-independent software
for data collection and visuaization, including automated
measurement and mapping of crystalography, internal
magnetic or electric field, or strain, and for multi-spectral
analysis. Software and quantification routines for image
reconstruction and for interpretation of interference
patterns’holography are encouraged.

Finaly, grant applications are sought for extremely stable
power supplies to improve lens stability in electron beam
instruments. Power supplies should be capable of producing
15 amperes with current stability exceeding 0.1 ppm, or 5
amperes with current stability exceeding 0.05 ppm.
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8. Williams, D. B. and Carter, C. B., Transmission Electron
Microscopy: A Textbook for Materials Science, Vols. 1-
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(ISBN: 0-306-45247-2)

9. Windsor, C. G., Pulsed Neutron Scattering, London:
Taylor & Francis, 1981. (ISBN: 0-85066-195-1)

15. ADVANCED
RESEARCH

FOSSIL FUELS

For the foreseeable future, the energy needed to sustain
economic growth will continue to come largely from fossil
fuels. In supplying this energy need, 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 itsindigenous
resources more wisely, cleanly, and efficiently. These
resources include inherently clean natural gas and the
Nation's most abundant and lowest cost resource, coal.
Grant applications are sought only in the following
subtopics:



a. Natural Gas Hydrate Recovery—Because of the
widespread occurrence of gas hydrate-bearing sediments,
and the enormous amount of methane stored therein
(approximately 200,000 Tcf of the total U.S. methane
resource of 227,500 Tcf resides in methane hydrates), gas
hydrate should be considered as a potential energy resource.
The natural gas industry has demonstrated that methane can
be recovered from naturally occurring gas hydrates by
dissociating the solid hydrates into gas and water, and then
transporting the dissociated gas in the same manner as
conventional natural gas. Dissociation of gas hydrates can be
accomplished in at least three ways: (1) thermal (hot water)
injection, in which heat is added at constant pressure until the
system temperature reaches the dissociation temperature, an
expensive method requiring the simultaneous movement of
hot fluid downward and gas upward (without heat loss, the
injected energy is about 10% of the recovered energy, but
with heat loss to reservoir rock and water, the injected
energy may exceed the heating value of the gas) (2) pressure
reduction (depressurization), which operates by lowering the
pressure in a gas reservoir with embedded or adjacent zones
of solid hydrate (when the pressure reaches the dissociation
pressure, gas hydrates at the interface convert to gas and
water); and (3) slurry mining, which is suggestive of
grinding up the ocean bottom to recover a slurry of solid
hydrates that are likely to dissociate in the riser.

Although thefirst two methods described above have shown
the most promise, none have yet been shown to be
economically viable; i.e., the cost of the energy used to
decompose hydrate at depth, and thereby release methane, is
not significantly less than the economic value of the methane
recovered. Therefore, grant applications are sought to
develop viable natural gas hydrate recovery techniques. One
possible approach isto inject CO, into the natural gas hydrate
field in order to replace the naturally occurring methane
hydrates with carbon dioxide hydrates. Because methane gas
hydrates stabilize at higher pressures than CO, gas hydrates,
the pressure requirement would be reduced. Also, the heat
released from the formation of the CO, gas hydrate can be
used to decompose the CH, gas hydrate. However, very
complex phase behaviors may add to the difficulty of this
process. Phase | should include thermodynamic and
economic models that can be substantiated by pilot scale
testing and eventually field tests in Phase I1.

b. Biogeochemical Carbon Sequestration/Conver sion —
Carbon sequestration is a relatively new approach to the
stabilization of greenhouse gas concentration (i.e., new
compared to the other two pathways — improving the
efficiency of energy use and reducing the carbon content of

fuels). Current approachesinclude the conversion of carbon
dioxide to benign, stable compoundsfor long-term storage or
to value added products for reuse. Grant applications are
sought to develop practicd methods to: (1) grossly
accelerate the natural bioconversion of carbon dioxide to
methane in geologic reservoirs by employing methanogen
microorganisms as catalysts, as well as other geochemical
reactants, (2) apply similar processes to the capture of
carbon dioxide at large point sources, and (3) efficiently
employ microorganisms and/or biomimetic catalysts to
convert carbon dioxide in flue gas to intermediates that can
be subsequently reacted to calcium/magnesium carbonates
for terminal sequestration.

c. Instrumentation and Sensors for Solid Oxide Fuel

Cell (SOFC) Materials Science—The use of fuel cellsfor
power generation offers the opportunity for high efficiency
and nearly pollution free operation. SOFCs consist of an
ionically conducting solid oxide electrolyte layered between
catalytically active porous electrodes. The electrochemically
active cells are configured into a stack involving gas sedls
and electrical interconnections. The systems operate at high
temperatures (600 to 1000°C) and suffer from chemical and
mechanical stability limitations (see references 18 and 19).
The search for suitable materials involves the synthesis of
functiona layers and interfacial regions with enhanced
electrochemica properties. Unfortunately, a fundamental

understanding of fabricated SOFC structuresislimited by the
ability to adequately characterize the functional materialsin an
SOFC cdll and stack. Traditionally, the evaluation of SOFC
materials has involved techniques such as x-ray diffraction
and cross-sectional electron microscopy for structural
properties (reference 15) and electrochemical impedance
spectroscopy for charge conduction measurements
(reference 17). However, the ultimate development of

economically viable SOFCs will require more advanced
measurement techniques.

Grant applications are sought to develop innovative
instrumentation and sensors to advance the scientific
investigation of SOFC materials. Some of the important
materials parameters that require measurement include: (1)
depth and/or arearesolved residua stressin alayered cell, (2)
ionic vacancy distributions, (3) cracks and interfacial
delaminations, (4) structural and conduction continuity
acrossinterfaces; (5) porosity distributions and gradients; (6)
ionic and eectronic conductivity profiles, (7) cataytic
activity distributions, (8) electrical conductivity and structural
integrity of thin oxide films on meta interconnects, and (9)
small area defect characterization (such as images of gas
pinhole or electrical shorts in electrolyte layers). Of
particular interest are techniques and sensorsthat allow forin



situ measurements; pre- and post-operation non-destructive
evaluation involving buried interfacial regions; and imaging
techniquesthat can characterize spatial inhomogeneitieswith
regard to charge transfer activity and transport, or its
underlying functional materials properties. For the latter, a
connection between image data sets and finite element
modeling approaches should be made apparent, with the
ultimate goal of validating SOFC performance models
(reference 16). Grant applications also should demonstrate
that the instrumentation and sensors, though focused on
basic materials science, will have relevance to developers and
manufacturers of optimized SOFCs.

d. Improved Processes or New Sources for Fuels from
Fossil Resources—It is likely that the World will depend
primarily on fossil fuels, especially coal, for another hundred
years. At the end of 1999, two alternative processes were
being developed for making liquid fuels from coal, Direct
Liquefaction and Indirect Liquefaction. Since then, funding
of Indirect Liquefaction has continued while further research
and development for Direct Liquefaction has diminished.

However, Direct Liquefaction still offers te promise of

significant cost reductions through process modifications.

This is because the process steps and equipment used in
Direct Liquefaction are virtually the same as in the early
1970s when significant government support was first
provided, namely, premix-slurry, slurry-bubble-column
reactor(s), filter or critical solvent deashing, final fixed-bed
polishing hydro-treater, and pressure let-down. Grant
applications are sought for new or improved processes for
the direct liquefaction of coal. The research and
development effort should include preliminary cost estimates
for a digtillable product, a comparison with the costs of
products from the conventional direct liquefaction process, a
test of the critical stepsin the process, and a demonstration
of the process and its economics.

Because some parts of coal react fast and other parts react
slowly, one possible approach would be to remove products
from the reaction as soon as they form, in order to avoid
over-reaction to refractory forms. Other possible
approachesinclude (seereferences): (1) nearly instantaneous
feed coa heating to reaction temperature, at reducing
conditions, by feeding it without recycle solvents; (2)
exposing the partly liquefied feed coal to the reducing gas as
a thin film (thereby enhancing mass transfer efficiency
because each portion of the partly liquefied feed has ready
access to react with the reducing gas beforeit degrades); and
(3) alowing the carrier-reactant massto movein slug flow to
the reactor exit, while the reducing gas, flowing up through
the beds, sweeps products, as they become volatile, up and
out of the reactor. The latter approach would provide an

opportunity for separate carrier recovery and catalyst
recycle.
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16. SOLID STATE ORGANICLIGHT EMITTING
DIODESFOR GENERAL LIGHTING



Many researchers believe that solid state lighting represents
an unparaleled opportunity to achieve major energy
conservation in genera illumination applications, with
attendant benefits in pollution reduction. The development of
Organic Light Emitting Diodes (OLEDS) appears to be a
promising approach. However, to achieve the price ($3.00
per 1000 lumens) and performance (90 lumens per watt)
required to enable the wholesale energy conservation sought
in general illumination applications, quantum leaps in device
performance are needed. In particular, several key technical
milestones must be addressed: (1) major efficacy
improvements at all wavelengths to obtain high efficiency
white-light urces; (2) maor cost reduction of practical
device structures and form factorsin order to be competitive
with traditional light sources; (3) development of a new
support infrastructure such as powering, fixtures, etc.; and
(4) identification of new approaches to lighting enabled by
OLEDs such as "smart" light sources. These and other
issues have been addressed in several recent workshops
sponsored jointly by the Department of Energy (DOE), the
Optoelectronics Industrial Development Association (OIDA),
and the National Electricdl Manufacturers Association
(NEMA) in collaboration with participants from industrial,
academic, and national |aboratories.

This topic provides small businesses with an opportunity to
carry out substantially novel research and development onthe
fabrication, processing, and characterization of solid state
organic light emitting diodes (OLEDS) associated systems
suitablefor general lighting. Torealizevery largeincreasesin
performance, grant applications should be directed toward
breakthrough research that offers significant advances in
materials, processing, and/or characterization, ultimately
leading to high-quality OLEDs capable of producing white
light. Grant applicationswill be declined if they are limited to
a minor or incremental improvement of an existing material
or process. Grant applications are sought in the
following subtopics:

a. Device Synthesis and Architecture—Grant
applications are sought to develop methods for improving the
synthesis and architecture of OLED devices. Areas of
interest include: (1) cost effective, continuous deposition
processes that can be scaled-up for large area coatings; (2)
novel substrate and electrode materials; and (3) novel device
architecture designs that are practical for large-scale
manufacturing and/or that simplify the layer structureswhile
increasing device performance.

b. Device Efficiency—Grant applications are sought to
achieve higher OLED device efficiency, as characterized by
guantum efficiency, luminous efficiency, and luminousyield.

Some potentia areas of interest include: (1) reduction of
injection barriers and baancing charge injection; (2)
searching and developing new efficient emitters and
activation catalysts; (3) new methods to increase internal
guantum efficiency by employing phosphorescence,
fluorescence, or other luminous molecular process; and (4)
developing new methods, device geometries, and materials
for more efficient light extraction to yield higher externd
guantum efficiency.

c. Rédiability and Lifetime—Grant applications are sought
to improve the lifetime and reliability of OLEDs devices.
Areas of interest include, but are not limited to: (1)
characterization of the degradation mechanisms; (2)
understanding the role and evolution of organic and inorganic
impurities in OLEDs; and (3) new schemes, materials, and
geometries for device encapsulation and sealing from
environmental contaminants.
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17. ENERGY STORAGE AND CONVERS ON
TECHNOLOGIES FOR ELECTRIC AND
HYBRID VEHICLES

The commercial use of electric and hybrid electric vehicle
technologies has been limited by the performance and
excessive costs of power sources and storage devices. In
conjunction with the Office of Basic Energy Sciences, the
Office of Energy Efficiency and Renewable Energy is
interested in identifying and devel oping innovative concepts
for advanced energy storage and conversion devices
(batteries and fuel cells) that will improve the performance,
extend the life, and significantly reduce the cost of the
vehicles.

Battery-powered electric vehicles (EVs) require energy
storage devices with high energy density; hybrid electric
vehicles (HEVs) require devices that can deliver high power
pulses. Both types of devices must be able to accept high
power recharging pulsesfrom regenerative braking. For high
energy density systems, the cells must provide 200 Watt-
hours/kg, 400 Wh/I, 400 W/kg and 800 W/I or greater; have
a life of 1000 cycles at 80 percent depth of discharge; and
have a calendar life of at least 10 years. For high power
applications, the cells must provide peak power of 1500

W/kg or greater, have acyclelife of at least 300,000 shallow
cycles, and have a calendar life of 15 years. For both types
of systems, materials to be utilized should be plentiful, have
low cost (< $10/kg), be environmentally benign, and be easily
recycled. Evaluation of the technology with regard to the
above criteria should be performed in accordance with

applicable U.S. Advanced Battery Consortium test procedures
or Society of Automotive Engineers recommended practices
[see references that follow].

Fuel cell systemsfor vehicles (FCVs) require high efficiency,
power density, and specific power; low cost; and automative
durability. Fuel cells systems operating on direct hydrogen
must achieve by 2005, 59% energy efficiency at quarter
power, 500 W/I, 500 W/kg, $125/kW, and 2,000 hours
durability.

Grant applications must show how proposed innovations
would result in significant advancesin performance and cost
reduction over state-of-the-art technologies.  Grant
applications ar e sought only in the following subtopics:

a. Lithium Battery Cathode Materials with Enhanced
Stability for EV and/or HEV Applications—The instability
of conventional lithium and lithium-ion cathode materials has
been shown to contribute in a significant manner to the
performance, calendar life, and abuse tolerance limitations of

lithium-ion cells and batteries. Grant applications are sought
to develop new cathode materials that meet the criteria given
in the introduction and offer enhanced performance for
lithium or lithium-ion batteries in EV or HEV applications.
Proposed approaches must demonstrate how the particle
morphologies and/or the compositional tailoring at the
molecular level will enhance the performance of the novel
materialsin cathode structures. Of particular interest are: (1)
nanophase species, used either as the active material itself or
as a stability-enhancing coating; and (2) materials whose
voltage profile and other propertieswould be compatible with
aconductive polymer electrolyte. Proposed approaches must
be demonstrated in full cells of at least 0.2 Ampere-hour in
sze.

b. Novel Electrochemical Couples for Advanced
Batteries—New electrochemical couples offer the potentid
to overcome the limitations of current electrochemical
systems, and to provide high-specific energy, long-life, and
low-cost aternatives. Grant applications are sought to
develop and demonstrate novel rechargeable couples that
meet the criteria given in the introduction to this topic.

Rechargeable, intercalation battery couples that incorporate
anodic active materials such as aluminum or magnesium and
rechargeable lithium/sulfur (Li/S) couples are of particular
interest because of their potential use in high-performance,
non-agueous batteries for electric and hybrid vehicles. Areas
of interest include (1) the synthesis and/or characterization of
ionic conducting polymers and gel electrolytes that can
transport polyvalent ions or would be suitable for use in a
Li/Ssystem; (2) development and demonstration of amethod
to avoid lithium dendrite formation or other deleterious
electrode morphology changes in a lithium/sulfur cdl; (3)
development of electrolytes that are capable of conducting
akaline earth, other divalent cations, and trivalent transition
metal ions;, (4) development of cathodes composed of

intercalation compounds that allow the rapid diffusion of
polyvaent ions; and (5) development of novel non-lithium
couples that do not involve a polyvalent species. Proposed
approaches must be demonstrated in full cells of at least 0.2
Ampere-hour in size.

c. Solid Electrolyte Systems for Lithium Based
Batteries—Soalid electrolyte systems offer great promise for
advanced batteries. Grant applications are sought to develop
advanced, lithium-ion conducting solid electrolytes, along
with associated manufacturing processes, capable of
supporting advanced battery technologies for EV or HEV
applications. Desired electrochemical properties of these
systems include: ionic conductivity greater than 10 S/cm,
electrical conductivity less than 107 S/cm, electrical
breakdown greater than 5 volts/m, lithium ion transference



number greater than 0.3, and stability of the electrolyte
adjacent to a cathode material up to 5 volts versus lithium.
(Note: for polymersthat are singleion conductors, the above
requirements may be modified suitably, provided that
equivaent performance is obtained.) Desired mechanica
properties include: lack of reactive plasticizer, high tensile
strength, high melting point, low glass transition temperature,
and high molecular weight. In addition, proposed lithium-ion
conducting systems should have mass-production capability,
good interface properties including compatibility and
adhesion, and ambient temperature operation. Grant
applications should clearly address how the proposed system
would perform relative to existing polymer electrolyte
systems. Phase | should focus on formulating samples of
the candidate material and demonstreting that its properties
are appropriate for high power systems. In order to be
considered for Phase 2 funding, proposed approaches must
be demonstrated in full cells of at least 0.2 Ampere-hour in
sze.

d. Improved Fuel Cell Cathode Catalysts Using
Combinatorial M ethods—Improved cathode structuresthat
demonstrate higher voltage than state-of-the-art systems are
needed to increase single cell voltage and reduce the number
of cells in a fuel cell stack. This can be achieved by
improving catalyst utilization in state-of-the-art cathodes, or
by developing alternative catalyst formulations (e.g., binary
and ternary alloys, non-precious metal catalysts) with
improved activity. Grant applications are sought to develop
or employ combinatorial methods that enable high throughput
screening and testing of potentia catalysts, and the
identification of improved ar cathode catalysts. The
improved cathode performance must contribute to an overall
cell performance greater than or equal to 0.5 A/en? at 0.8V
in continuous cell operation with pressurized hydrogen and
cathode loadings of 0.05 mg/cn or less of precious metals.
Targets for reformate/air operation are 0.4 A/cn? at 0.8V,
and 0.1 Alen? at 0.85 V. These performance targets
represent an order of magnitude improvement over the
current state-of-the-art for Pt aloy based cells. To achieve
the MEA (Membrane Electrode Assembly) cost target of
$10/kW for transportation applications, the technology must
have the potential to achieve total precious metal loadings
(anode and cathode) of 0.2 g/peak kW, or non-precious
metal loadings capable of meeting the cost target. Phase |
should focus on devel oping and demonstrating combinatorial
methods, and on identifying catalysts with significantly
higher activity compared to state-of-the-art fuel cell cathode
catalysts.
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18. BIOBASED PRODUCTSAND
BIOENERGY

Energy from sunlight, our abundant natural resource, offers
the opportunity to utilize a sustainable source of raw
materials, namely, biomassfrom our nation's crops, forestry,
aquatic, and agricultural wastes. Biomass can provide a
domestic, renewable source of carbon to be used in cleaner
and renewable fuels, chemicals, and power production
technologies. Biomass resources include trees, forest
residues, agricultural crops, crop residues such as corn
stover and wheat straw, high productivity grass species such
as switchgrass, and anima wastes. Its utilization can
contribute to a dramatic reduction in our dependence on
foreign ail, a priority goa of the Department of Energy. To
this end, the Office of Basic Energy Sciences together with
The Office of Energy Efficiency and Renewable Energy is
seeking biotechnology research in plant sciences and
processing to improve the use of bio-based renewable
resources in the production of home-grown transportation
fuels, chemical materials, and consumer products, and inthe
generation of clean, localy-based power. Grant
applications ar e sought only in the following subtopics:

a. Modification of Biomass Agronomic Traits through
Plant Sciences—Current crops, trees, and grasses offer

significant potential for use as feedstock for biobased
products and bioenergy. Modification of these plants can
offer many additional advantages. For example, conventional
commodity agricultural crops have been bred to improve
productivity and disease resistance with tremendous success.
The explosion of modern biotechnology and advanced
molecular breeding technology offers yet far greater
possibilities. Grant applications are sought to devel op further
improvements in agronomic traits that could greatly reduce
the energy and inputs required to produce the biomass, while
maintaining, or better ill, increasing yields per acre.
Approaches of interest include, but are not restricted to,
agronomic improvements in stress tolerance, disease
resistance, pest resistance, fertilizer uptake efficiency or
lower fertilizer requirements, and higher yields at equa or
lower input rates. All of these modifications can result in
more sustainable agriculture, less energy use, and lower
costs for the resulting bioproducts and bioenergy produced
from the biomass.

b. Moadification of Biomass Composition through Plant
Sciences—Advancesin modern biotechnology and advanced
molecular breeding technology also presents opportunitiesfor
modifying the composition of the biomass plant. Modified
biomass compositions could include higher amounts of
desirable components that currently exist, as well as new
componentsthat are not currently produced. Ultimatdy, new
chemicals, materials, and fuels produced directly in the
biomass could result. Therefore, grant applications are
sought to modify the composition of plants and treesin order
to reduce the energy and cost required to produce
bioproducts and biofuels. Possible approaches include
modifications leading to plants that yield more carbohydrates
or lipids and less lignin in their composition; plants with

better fiber properties for bioproducts; plants that produce
more of certain fatty acid compositionsthat are better suited
as lubricants, polymer precursors, or other bioproducts;

plantsthat produce new valuable chemical s or even polymers
not now produced; and plants that can be taken apart into
their components more easily.

c. BiomassGasification and Conversion to Bioproducts
and Biofuels—Biomass can be converted to synthesis gas,
which consists primarily of carbon monoxide (CO), carbon
dioxide (CO,), and hydrogen (H,), via the gasification
process. Although gasification technologies have been
intensely devel oped for two decades, resulting in both large-
scale demonstration facilities and commercial  units,
economic problems have limited their widespread application.

In the past, the products from gasification have been
electricity and/or steam energy. However, therelatively low
value of these productsin today's market makesit difficult to



justify the capital and operating costs. |If gasification could
be coupled with the production of higher-vadueliquid fuelsor
chemicals, a viable biorefinery could result from the
combination. Grant applications are sought to further
develop one of two routes, fermentation and catalytic
thermochemical transformation, for the production of
chemical products and liquid fuels from gasification, leading
to an economically attractive opportunity.

In the fermentation route, anaerobic bacteria such as
Clostridiumljungdahlii are used to convert CO, CO,, and H,
into ethanol. High conversion rates can be obtained because
the process is limited only by the transfer of gas into the
liquid phase, instead of by the rate of substrate uptake by the
micro-organism, which in turn limits the sugar fermentation
to ethanol. Proposed approaches should further develop and
improve the fermentation of syngasses to ethanol or other
bioproducts.

In the catalytic thermochemical route, Fischer-Tropsch
chemistry has shown that biofuels and bioproducts can be
produced. To be commercially attractive, the cost of this
technology must be reduced. Areas of interest include, but
are not limited to, gasification gas composition and clean up,
improved Fischer-Tropsch chemistry or new chemistry,
better catalysts, and better more efficient reactors.
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19. CATALYSISRESEARCH AND

DEVELOPMENT FOR CHEMICAL

MANUFACTURING AND REFINERY

OPERATIONS

Chemical manufacturing and refinery operations account for
over 50% of the total global industrial process energy use.
Over 80 percent of petroleum refining processes involves
catalysis. About 90 percent of petrochemica manufacturing
processes and more than 20% of all industria productsin
the U.S. employ underlying catalytic steps. Catalysisplaysa
substantia role in the production of 30 of the top 50 U.S.
commodity chemicals. Six more of the remaining 20 are
made from raw materials that are produced catalytically.
The U.S. energy use component in the production of the top
50 chemicalsissignificant—5 quadrillion BTUs per year— 3
guadrillion BTUs per year for those with catalytic
production routes. It has been estimated that if all the
catalytic processes associated with the petroleum refining
and the manufacture of the top 50 chemicals were raised to
their maximum yields, total energy savings would exceed
one quadrillion BTUs per year. More dficient petroleum
refining and chemical production, resulting from
improvementsto catalytic processes, would also contribute
to significantly reduced carbon emissions. Thistopic seeks
to accelerate the catalyst discovery and applications process
by identifying catalysts that have higher selectivities, can
operate at modest temperatures and pressures, and
contribute to a reduction in the number of unit operations,
al of which impact overal resource efficiency. Grant
applications are sought only in the following subtopics:

a. Catalysts for Optically Active Fine Chemical
Syntheses—Many fine chemicals, used as starting materials
for other chemicals (e.g., pharmaceutical manufacture,

photographic chemicals, dyes and pigments), have one or
more asymmetric carbons or other chira centersthat exhibit
optical activity. Asymmetric syntheses, based on catalysis,
isthe preferred process for producing these fine chemicals
because alternative processes (separating optical isomers
from unwanted isomers, which arediscarded and converted
to desired isomers) use too much energy. However,

existing asymmetric processes are inefficient. Therefore,
grant applications are sought to develop new or improved
catalysts — heterogeneous, homogeneous, or hybrid — for
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the asymmetric syntheses of optically active compounds.
Reactions of interest include oxidations, reductions,
alkylations, isomerizations, and substitutions such as
hal ogen substitutions. Proposed approaches are restricted
only by the following: (1) the target synthetic compounds
must have commercial application, (2) the target
compounds exhibit optical activity, and (3) the catalysts
synthesize only one optically active isomer from starting
materials that do not exhibit optica activity.

b. Commodity Chemical Synthesis—Oxidation is the
most energy intensive of all chemical processes for the
production of commodity chemicals and polymers. These
commaodity chemicalsinclude ethylene and propylene oxide,
styrene, phenol and acetone, and nitric acid. More selective
oxidation could reduce energy consumption by increasing
the yield of desired compounds. Grant applications are
sought to devel op catalysts and associated processes for the
synthesis of olefins, aromatics, and oxygenates, the critical
building blocks of these commodity chemicals.

c. Catalysts for Petrochemical Syntheses—The
petrochemical “building blocks’” (including ethylene,
propylene, butane, butene, butadienes, benzene, toluene, and
xylenes, and their immediate substituted products such as
cumene chemicals) are used as starting materials for the
manufacture of al other chemicals. Grant applications are
sought for improved processes for the petrochemical
synthesis of these building block chemicals (starting from
petroleum fractions or natural gas Iquids), based on the
development of new catalysts. As an example, a catalyst
used to synthesize ethylene from natural gas liquids, for
example, would be of interest under this subtopic.

d. Refinery Catalysts—Catalysts are used in many
refinery  operations, including catalytic cracking,
hydrotreatment, isomerization, reforming, and alkylation.
Grant applications are sought to improve the above
processes through the development and use of new or
improved catalysts. Catalysts selected for investigation
must: (1) have applicability to aU.S. refinery operation, and
(2) demonstrate energy savings either by saving feedstock
or by lowering operating conditions such as temperature and
pressure. Small business applicants would be expected to
work with a U.S. refiner, chemical company, or catalyst
manufacturer in the devel opment and application of the new
or improved catalysts and applications.
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20.NANOTECHNOLOGY APPLICATIONS IN
INDUSTRIAL CHEMISTRY

Many of the recent discoveries in nanotechnology,
undertaken at universitiesand national |aboratories, may have
an important influence on the manufacture and uses of
chemicals and materials. In thistopic, small businesses are
encouraged to take advantage of these discoveries and
conduct further R& D that may lead to marketable products
of importance to the U.S. chemical industry. The subtopic
areas focus on materials research in catalysis, in polymers
and polymer manufacture, in composite materials, and in new
materials with specia properties that mimic properties of
living organisms (i.e., “biomimetics’ applications). Grant
applications must show an energy benefit, derived from
saving energy in manufacture, conserving materias, or
longer life in applications. Grant applications should aso
include a plan for introducing the new technology into a
major chemical company with capabilities for widespread
technology implementation and manufacturing.  Grant
applications ar e sought only in the following subtopics:

a. Nanomaterials with Catalytic Activity—Recent
discoveries suggest that some materials with nanosized
features may exhibit novel heterogeneous catalytic activity.
Grant applications are sought to develop new nanoscae
materialswith catalytic properties. Chemical transformations
of interest include, but are not limited to isomerizations,
halogenations, oxidations, reductions, stereospecific
transformations, or combinations of these. Proposed
approaches must demonstrate that (1) the materials exhibit
catalytic behavior only when their functional properties are
imparted at the nanoscale, and (2) the intended products of
the chemica reactions have commercial vaue. Partnership
with chemical companies that have the manufacturing
capabilities needed to bring the technology to widespread
commercia application is strongly encouraged.

b. New Nanoscale Polymer Materials, Polymer
Composites, and Polymer Processes—Recent research has
shown that polymer materialswith controlled nanocrystalline
features may exhibit special or new properties that are not
exhibited otherwise when the



polymer material’s nanosize features are not controlled.
Furthermore, a composite material comprising both polymers
and nanosize organic or inorganic substances could exhibit
useful properties that are not exhibited by the polymer alone.
Grant applications are sought to develop novel polymer
processes with the potential to control features of the
polymer at the nanoscale, resulting in polymer materials that
have properties unmatched by any other materials.
(Examples of such naturally occurring processesinclude the
spinning of a web by a spider or the clotting of blood.)
Grant applications should (1) address commercial
applications or markets for proposed approaches, (2)
demonstrate a careful review of the relevant scientific
literature, and (3) address possibilities for forming
partnerships with industrial chemical companies willing to
assist in the development and application of the technology.

c. Development of Materials with Structure or
Function Derived from Analogy with Properties Exibited
by Living Systems (“Biomimetics’)—Grant applications
are sought to develop materias that, due to the nanoscale
features of the materia, mimic some of the remarkable
properties exhibited by living organisms.  Such properties
include self-repair, unusual hardness or strength or both,
novel optical or electromagnetic behavior, or unusual
transport properties for heat or mass. Grant applications
must identify: (1) the novel biomimetic features to be
developed; (2) the basis in nanoscience for the proposed
materials development; (3) reasonable commercia
applications for the new materials, and how these
applications would save energy or materials or both in their
intended use; and (4) achemical industry partner that would
participate in the development of the materials and that has
the manufacturing capability to bring the materias to the
marketpl ace.

d. Nanomaterialsand Specialty Products Chemistry—
In addition to the catalysts sought in subtopic a above, grant
applicaions are sought to develop new products, based on
nanoscience and nanotechnology, for use in specialty

chemicals markets. These products include adhesives,
antoxidants, biocides, corrosion inhibitors, dyes, flame
retardants, flavorings and fragrances, specialty coatings,
surfactants, and water-soluble polymers. Grant applicants
must identify (1) speciaty chemicals markets that will use
the new materias, (2) energy benefits to be obtained from
using the new materias, (3) the basisin nanoscience for the
properties of the new materials, and (4) a specialty chemicals
manufacturer that is prepared to assist in the
commercialization of new materials technology.
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PROGRAM AREA OVERVIEW -
ENERGY EFFICIENCY AND RENEWABLE ENERGY

http://www.eren.doe.gov

The mission of the Office of Energy Efficiency and Renewable Energy (EE) isto lead the nation to a stronger economy, a cleaner
environment, and a more secure future through development and deployment of sustainable energy technologies. EE sponsors
technologies that protect the environment and support the nation's economic competitiveness through a program of research,
development, and market deployment using private sector partnerships. EE is organized around the four main energy users -



power, industry, transportation, and buildings - an orientation that has helped the technology development programs focus on

addressing the needs of the marketplace.

It isestimated that the energy technologies and practices supported by the Energy Efficiency and Renewable Energy program have
saved Americansten to fifteen billion dollarsin energy costs over the past decade. These savings continue to mount as new energy
technol ogies devel oped by the program for buildings, transportation, power and industry are put to use and as research continues.
These energy savings are accompanied by parallel reductions in the emission of pollutants that affect human health and in the

production of greenhouse gases.

21.NANOMATERIALS FOR ENERGY
EFFICIENCY

Over the past three years the Federal government has
inveted nearly $15 Billion in nanoscience and
nanotechnology — for advances in medicine and health,
defense and aerospace, National security, and energy. Most
of these investments have been made in Universities and
National laboratories, and the supported research has
primarily keen basic and exploratory. This topic provides
opportunities for small business to apply recent scientific
discoveries in nanomaterials for technological advances in
energy efficiency. The technical topics are focused on
nanomaterials with potentially enhanced tribological,
electrochemical, insulation, and transport properties, as well
as nanomaterials that could be used for in situ process
diagnostics and process quality control. Grant applications
are sought only in the following subtopics:

a. Nanomaterials for Energy Efficiency—Grant
applications are sought for nano-phase and nano-crystalline
metals, ceramics, as well as mixtures of these materials, for
improved wear characteristics. Applications of interest
include the following: (1) materials used in industria
processes for the manufacture of glass, paper, metals,
chemicals and petroleum refining or other energy-intensive
materials, (2) materials used in the manufacture of high-
temperature turbines, (3) materias that will increase
achievable temperatures in internal combustion engines; and
(4) materials with improved wear, temperature, and
corrosion resistance in geothermal energy conversion and
geothermal energy extraction applications. Grant applicants
must demonstrate the potential for improved energy use by
using these materials in their proposed applications; i.e, the
performance characteristics of current technology must be
identified along with the potentially improved performance
characteristics of the proposed technology, including overall
costs. Applicants are strongly encouraged to form
partnerships with industrial equipment suppliers and end-
users of the proposed technology, to achieve rapid and wide
spread technology commercialization.

b. Nanomaterialsfor Energy Conversion and Storage—
Grant applications are sought to develop uses for new

nanomaterials in electrochemical applications. Areas of

interest include the use of nanomaterials (1) in batteries, (2)
as eectrocatalytic materials for use in low-temperature
(PEM) fuel cells, (3) as catalytic materials used for hydrogen
generation or the generation of higher-vaue liquids or
products viathe reforming of fossil and renewable fuels, and
(4) as materials for hydrogen storage. Performance
characteristics of existing technology must be identified, and
the potentially improved characteristics of the new materials
must be summarized. Applicants are strongly encouraged to
form partnerships with manufacturers for rapid deployment
of successful new technology.

c. Nanomaterials for In-Situ Process Diagnostics—
Nanotechnology may afford the potentia for improving
industrial processes and manufacturing by providing rea-time
information about product or process characteristics. For
example, nano-crystalline material coatings could revea
temperature and quality characteristics of processed metals
(such asrolled steel), thus improving process efficiency and
saving energy in materials manufacture. Grant applications
are sought to devel op process diagnostics for potential usein
the manufecture of metals, paper, chemicals, ceramics,
glass, or other energy-intensive materials.  Specific
applications of the proposed technology must be identified, as
well as the potential benefits of successful technology.
Applicants are strongly encouraged to form partnershipswith
manufacturers and suppliers to achieve optimum
commercialization of successful new technology.

d. Nanomaterials Applications in Buildings—Grant
applications are sought for nanomaterials that could be
applied to enhance the energy efficiency of buildings.
Specifically, grant applications are sought for nanomaterials
with potentially improved properties for phase-change and
other heat and humidity transfer and storage properties;
electrochromic and low-emissivity windows, insulation
materials, and other materials with improved energy
efficiency characteristics used in building construction.
Applicants must identify the potentially enhanced



characteristics of the new materials, and are strongly
encouraged to form partnerships with hilding materias
manufacturers and suppliers for the commercialization of
successful technology.
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22. BIOMASS

Sustainable resources will be required to provide many of the
world’ s future needs, and biomass can play akey rolein this
world. For example, biomass is the only foreseeable
sustainable source of food, organic fuels, and organic
materials. In the U.S., biomass can provide a domestic,
renewable source of carbon for use in the transportation,
power, and industrial sectors, replacing petroleum as the
carbon source. Biomass resources include trees, forest
residues, agricultural crops, crop residues such as corn
stover and wheat straw, high productivity grass species such
as switchgrass, and anima wastes.  Ultimately, the
processing of biomass in biorefineries can result in a more
sustainable biobased economy, much like that of today’s
petroleum economy.

Advances in enabling technologies, such as biotechnology,
could be used to improve the production and use of
renewable biomass resources, thereby positively impacting
the rural economy and the environment. To this end,
environmentaly friendly technologies are sought that will
enable bio-based renewable resources to produce home-
grown transportation fuels, chemicals, or consumer
products, and generate clean locally-based power. Grant
applications must demonstrate that proposed approaches
have the potential to be more economica than currently
practiced technologies. Grant applicationsar e sought only
in the following subtopics:

a. Advancementsin Biocatalysis and Fermentation—
Plant matter is rich in carbohydrates that can be broken
down into glucose and xylose, important intermediatesin the
conversion of biomass to chemicals and energy. However,
the cost of producing these sugars, as well as the cost of
converting them to chemicals and fuels, remains an obstacle
to the use of biomass for industrial scale production of
chemicals and energy. Cost reductions are needed to spur
the development of biorefineries.  The revolution in
genomics, proteomics, and bioinformatics enables new
approaches to biocatalysis and fermentation. Enzymes and
microorganisms can be engineered to provide increases in
product yield, feedstock conversion efficiency, product
concentrations, and robustness in more demanding
environments. New and advanced separations and
purification technologies can aso play an important role in
reducing the cost of sugars and chemicals and fuels
produced from them.



Grant applications are sought to utilize the above technologies
for the optimization of unit operations that produce sugar
streams from biomass and for the bioconversion of the
various sugars to fuels and chemicals. Examples of sugar
production technologies include improved separations and
sugar recovery methods, detoxification techniques, and
cellulose hydrolysis biocatalyst development and applications.
Examples of sugar utilization technologies include the
development of highly efficient microorganisms capable of
fermenting al available sugars in the expected harsh
environments of high sugar and elevated temperature, aswell
as the development of hydrolysate tolerant microorganisms.
It may aso be possible to replace whole micro-organism
fermentations with enzymatic conversion of sugars to fuels
or chemicals. This would require advances in enzyme
stability, enzyme co-factor approaches, and potentialy
enzyme immobilization to facilitate product separation. Also
of interest are grant applications that integrate the above-
listed approaches with decreased separations requirements, in
order to achieve the very high purities required for bio-
derived specialty chemicals and monomers.

b. Separation Technology for the Direct Capture of

Bioproducts and Biofuelsfrom Fermentation and Other
Biotransformations or  from  Thermochemical
Tranformations—The U.S. chemica industry faces
increasing challenges to balance the demand for continual

improvementsin energy and environmental performance with
the equity market demand for superior financial performance.
The direct capture of biobased products and biofuels from
biotransformations or thermochemical transformation not

only can impact these challenges, but also reduce dependence
on foreign, fossil fuel-based feedstocks. Grant applications
are sought to develop separation technologies to help make
biomass conversions a more economicaly viable
manufacturing process for chemicals and fuels, including but
not limited to low molecular weight organic acids, organic
esters, diacids or polyals, ethanol, and biobased oils, such as
biodiesel and biolubricants. Areas of interest include but are
not limited to: (1) approaches to reduce/eliminate fouling of
membranes and ion exchange material s caused by proteins or
sugars in fermentation broths, or the removal of impurities
such as sdts or acids that cause complications in
downstream processes; (2) the development of new
membrane materials that provide higher sdectivity,
specificity, and flux with increased stability and robustness,
or modification of existing materials, such as attaching

chelating groups or other modifications; and (3) the use of
highly selective extraction agents with traditional solventsfor
improved liquid-liquid extractions, or the invention of novel

reactive separation technology that combines biomass
transformation with separations.

c. Feedstock Densification and Handling—Biomass is
characterized by low bulk densities of 46 Ib/ft® in loose
form. The bulk density can be doubled to 812 Ib/ft* when
biomass is baled, and further increases to 20-30 Ib/ft® are
achievable by chopping and compacting the biomassto form
cubesor pellets. Ashiomass density increases, less areaand
volume are required for storage, and cost reductions are
achieved from the increased tonnage per transport load.

Compared to bales, which are normally from one species of
plant material, cubes and pellets could be premixed from a
variety of feedstock. Analogous to the manufacture of

animal feedstuffs, biomass compounders would be able to
design and mix various feedstocks to meet quality
specifications at a competitive price. Biomass compaction
properties could betailored by modifying the biomassusing a
variety of processes. Furthermore, bioconversion scientists
have indicaed that pellets and cubes could be used without
modification in pretreatment (hydrolysis) processes, and
smaller pellets could be introduced to boilers without
regrinding. Therefore, grant applications are sought to
develop innovative equipment and processes for low cost
densification of biomass. The research should identify and
guantify process parameters (i.e. temperatures, steam quality,
pressures, and hold time) and their effect on quality of

compacted material and energy requirement for compacting.

Grant applications are also sought to improve the efficiencies
of existing handling systems by integrating the collection and
utilization of biomass. Innovative technologies are required
to develop smal scale pretreatment and/or treatment
processes near feedstock sources to eliminate the need for
long distance hauling and inventory. Of particular interest are
small modular systems that could be moved from one source
of biomass concentration to another, provided the technology
could compete with more traditional technologies. Examples
of candidate approaches include: (1) grinding and/or
densifying biomass as fuel for furnaces to heat farm
buildings for livestock, green house, and drying operations,
(2) developing modular bio-oil production using fast pyralyss
process for heat and power applications; and (3) producing
gas for co-generation of steam and power — the electric
power generated could be used locally or to supply electricity
to main power transmission lines.

d. Drying of Biomass—The critical moisture content for
the prolonged safe storage of most agricultural products is
less than 15%. For grinding and pelleting operations,
biomass must have a moisture content of 10-15%.
Conventiona techniquesfor drying biomass, including in-the-
field solar drying and high temperature artificia drying, are
inefficient.  Grant applications are sought to develop
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economical methods for drying biomass with high moisture
content. Of particular interest is the utilization of low cost
(in terms of both capital equipment and operating expense)
alternate energy sources, especially heat derived from
burning biomass. Possible approachesinclude: (1) agitating
the biomass during drying to facilitate mixing of solid material
and drying air (see Reference 7) — rotary drum dryers and
simple fluidized bed dryers are versatile candidate processes
for drying biomass; (2) flash drying for finely ground
particles—however, acareful designisrequired to reducethe
potential for fire and for dust emissions; (3) integrating
commercial biomass burners with biomass dryers —
depending upon combustion efficiency, the use of hot
combustion gasses directly in the dryer could improve
efficiencies over indirect heating through a heat exchanger;
(4) recirculating exhausted air from adryer, a process that
could increase energy savings by up to 15%; and (5)
reducing the airflow through pneumatic dryers, leading to
further savingsin energy and power. For some of the above
approaches, e.g., using rotary drum dryersto handle fibrous
materias, extensive literature and experience is available;
however, for others, e.g. using fluidized and flash dryer
systems for biomass, experience is limited.
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23.NEW TECHNOLOGIES FOR GENERAL
ILLUMINATION APPLICATIONS

Electricity consumed for genera lighting applications in
commercia and industrial buildings, residences, and outdoor
applications represents more than 20% of the total U. S.
electric energy production. Y et, despite concentrated efforts



from both Government and industry, the efficiency of
converting electric energy into visible light by commercia
light sources has increased only incrementally over the last
three decades. Whilethere have been some significant recent
advances in light sources, such as the compact fluorescent
lamp, no truly revolutionary new light sources have been
developed and commercialized since the mid 1960s.
Increases in lighting system efficiency have come primarily
through substitution of one type of lamp with another and
from the addition of sophisticated controls. In spite of these
increases in efficiency, the installed base of generd
illumination in US buildings is inefficient; even the most
efficient of today’ lighting systems convert only about 30%
of eectrical energy into useful visible light. Therefore, the
potentia for substantial increasesin light source efficiency is
significant, and increases in light production efficiency by a
factor of two or more should be achievable. However, to
redlize this exceptionally high level of performance, major
advancements in basic light producing technologies must be
made. Within the Office of Buildings Technologies, the
Department of Energy maintains an active program to explore
new methods by which high quality electric light can be
produced with less energy and less environmental impact.
For this topic, grant applications must be directed at
inorganic structures such as LEDs or hybrids — approaches
that address alternate organic materials systems may be
suitable for submission under Topic 16. Grant applications
are sought only in the following subtopics:

a. Improved Incandescent Lighting—About 45% of the
total energy consumed by electric lighting is used by
incandescent lamps that produce only 14% of the total light
used in the U.S. Characterized by inefficient blackbody
radiation light production physics, existing incandescent
lighting technology provides practical and inexpensive
solutions to numerous lighting applications including many
retail, residential, decorative, and specialty uses. Although
energy efficient alternatives to incandescent lamps are
avalable, it islikely that a strong market will continueto exist
for simple, inexpensive, flexible light production based upon
the incandescence of electrically heated filaments or
conductive substrates. With existing incandescent lighting
products operating at 10 to 30 lumens per watt and with
system efficiencies typicaly less than 10%, ample
opportunity exists to increase overall efficiency. Therefore,
grant applications are sought to improve lighting efficiencies
while still relying upon the basic incandescent process.
Areas of interest include, but are not limited to, increases in
efficacy produced by improved filament radiation, IR
reflection, system design, and/or power conditioning. Each
grant application must clearly state the anticipated increasein
lamp efficacy should the project be successful. For A-Line

incandescent applications, the minimum improvement must
be 10% over conventional products. (For example, if a
conventional incandescent lamp produces 1750 lumens at
100W of input power, a 10% increasein efficacy would yield
anew product that produces either 1925 lumens at 100 watts
or it may still produce 1750 lumens but consume only 90
Watts.) For specialty lamps including parabolic reflector
lamps, target efficacy increases must exceed 20% over the
best commercially available products. Successful proposals
must result in products that can be manufactured using
existing techniques without increasing production costs by
more than 20%. Grant applications to replace incandescent
lamps by other more efficient sources such as compact
fluorescent or solid state will not be considered under this
subtopic.

b. Inorganic Solid State Lighting Materials and
Manufacturing Technologies—Many candidate inorganic
materials have been examined for use in semiconductor
devices that can be made to produce white light. For
conventiona light emitting diodes, (LEDs), traditiond 111-V
semiconductor materials and substrates exhibit the potential
to overcome certain efficiency barriers. Y et, many technical
obstacles remain to be overcome before the production of
very high luminous output L EDs can be manufactured at the
very low costs necessary for general illumination sources.
Grant applications are sought to develop new materials and
associated technology that would ultimately alow for the
production of solid state devicesthat can generate white light
with at least 90 lumens per plug watt and be capable of
commercial manufacture at a cost of $3.00 per 1000 lumens
or less. There may be even more efficient approaches that,
when combined with novel device geometries, could provide
more attractive solutions for genera illumination. Possible
examples include (1) hybrid materials systems that take
advantage of efficient phosphor performance; and (2) novel
combinations of organic dyes, polymers, and dopants with
conventional inorganic compound semiconductor systems
that may shift spectral outputs to more desirable regimes.
Grant applications may include theoretical physical or
chemical considerations of unproven systems or of the
synthesis of novel compounds that promise certain
performance benefits.

c. Designs and Structures for Solid State Devices—
Existing semiconductor light producing devices may not be
optimum configurationsfor general illumination applications.
Whilethe optical efficiency (i.e., thelight extracted from the
device divided by the total light produced form the
semiconductor) of today’ s white light devices can be as low
as 10%, solid state lighting products of the future will need to
extract at least 90% of the visible light produced. External

69



guantum efficiencies may below, and other geometric optical
limitations may impose performance constraints that limit
overall device efficiency. High output, high color, broad
spectrum, white- light-producing devices, built using current
solid state technol ogy, would cost upwards of $400 per 1000
lumen. In order to achieve economic viability and energy
efficiency, grant applications are sought to develop novel
designs and structures for solid state device that can be
manufactured in large quantities (>1 million units per year), at
low cost (less than $3.00 per 1000 lumen), and with high
plug efficacy (at least 90 lumens per watt). Approaches of
interest include: (1) developing aternative geometrical
designs, matrices, or arrays of existing device designs to
overcome problems with heat dissipation or low optical
efficiency; (2) completely new device designs to achieve
even more device efficiency, or (3) structures or designs that
would reduce the complexity of device manufacture, either
by reducing the capital costs of the specialized reactors and
tooling, eliminate batch- processing by continuous processes
or include more process automation. Grant applications that
focus primarily on the development of novel materials should
be submitted to the preceding subtopic.
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24. SENSOR, COMMUNICATION, AND
CONTROL TECHNOLOGIESFOR



ENERGY EFFICIENCY

Recent advances in transduction methods, fabrication
capabilities for miniaturization, high-speed/broad-band
communications, and information processing and control can
impact the demanding requirements for
sensor/communication/control applications in energy use
sectors, i.e, power generation/transmission/distribution,
industry, and transportation. For example, the current radial,
one-way power flow, electric grid system is being
transformed into a two-way, distributive system employing
central power plant generation with increased use of many
“plug-and-play” distributed energy resources (DER). Insuch
distributive generation environments, local system conditions
must be sensed as feedback to local intelligent software
agents to achieve optimized grid operation, while
communicating and coordinating with higher-level control
systems at feeders, substations, and utilities. In conjunction
with loca sensing/intelligent agent/control devel opment,
power electronics must be developed to control and manage
two-way power flow to and from many distributive units. In
the materials processing industry, the melting of raw
materials and their subsequent forming into productsinvolve
high-temperature operation in which large amounts of energy
are consumed. Sensors that can work in high-temperature
industrial processing environments (i.e, with harsh
chemicals, physical restrictions, and electromagnetic
interference) will contribute significantly to minimizing waste
energy and products. In the transportation sector, large-
volume, low-cost production continues to be the key
requirement for improved energy management technologies
to achieve ultralow emissions and high fuel efficiency.
Grant applications are sought only in the following
subtopics:

a. Low-Cost Device for Integrated Operation of
Sensing and Communications—Grant applications are
sought to develop alow-cost, single-chip, board-level or box-
level device that senses and communicates data for one of
thefollowing applications: (1) local conditions at a DER-unit
level, (2) H, in transportation use, and (3) fuel quality
analysis. For DER, the sensing parameters must include
output characteristics such as voltage, power, thermal
energy, temperature, emissions, etc. The integrated device
must provide functions for diagnosis, prognosis, data
telemetry, data processing, and security. For H, applications
in transportation, a sensor package is needed to monitor H,
concentration in the feed gasto fuel cells for process control
and in ambient air to assure the safety of H/air mixtures.
The measurement range spans 1100% H. At high B
concentration levels, issues associated with the potentially
deteriorating effect on the oxygen pump operation must be

addressed. The selectivity issue must be addressed in
monitoring H, in ambient air. For fuel quality monitoring, the
sensor package must determinethefuel characteristics at the
point of use in residential and commercia applications and
must account for both fuel degradation over time and for
thermal stability. Potential sources of deterioration include
dirt and water content in storage tanks, as well as biological
contamination. However, water-sensing devices are not
needed and should not be included in the sensor package.

b. Distributed Intelligent Agentsfor Decision Making
at Local DER Levels—Grant applications are sought to
develop distributed intelligent agents that are capable of
detecting local faults and providing autonomous control and
protection at thelocal DER level. These agents must provide:
(1) early anadlysis and response to contingencies and
disturbancesto reduce their impact and (2) coordination with
power electronics and other existing, conventional protection
schemes to enhance the reliability of the grid. Additional
requirements include communications with upper-leve
control systems, so that a coordinated response from many
individual DER systems to mgor contingencies can be
provided, and so that the overall performance of the complex
network of DER systems can be achieved. Thishierarchical
control strategy will alow decision making from the lowest
level up, with increasing sophistication and intelligence.

Nested controls and intelligence at each unit level will be
required for operational management for remote detection,
protection, control, and contingency measures.

c. Low-Cost, Modular, Highly Reliable Inverter—
Electric and hybrid-electric vehicle systems require an
inverter to convert the direct current (DC) output of energy
generation/storage systems (engine, fuel cells, or batteries)
for use by support systems such as lights and air
conditioning, and for AC output. For distributed energy
systems, inverters provide high quality AC output for energy
system demands; the inverter also returns any excess
generated energy to the utility grid. However, current
inverters are expensive due to cost of power electronics
components. |n addition, the benefits of mass productionare
not available since system designers must tailor the inverters
to individual applications, whether vehicle or stationary.

Grant applications are sought for advanced inverter
packaging technology with lower cost (at least 30%
compared to current inverters), reduced weight, extended
lifetime (at least 10 years mean-time-between-failures), and
reduced size of power electronics elements. The inverter
packaging technology also must have an inherent capability
of being scalable over a wide power range from 30 to 500
kW.
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d. High-Temperature Environment Applications—Grart
applications are sought to develop sensor systems for high-
temperature applicationsin materials processing. The sensor
systems must measure the distribution, or excursions from
median properties, for such parameters as temperature,
viscosity, and chemical homogeneity of the melt or material
process flow at practical pointsin the process, for example,
just prior to forming. Non-contact type sensors are
preferred; however, contact-type sensorswill be acceptable
if they do not disrupt the processing environment and if they
can withstand the high-temperature, erosive, corrosive
environmentsthat exist during melting, refining, and forming.
The acquired property data must be displayed in an easily
visualized system such as a vector wavefront similar to a
velocity flow field diagram. The measurement of these

properties, along with the subsequent visualizations and data
representations, are essentia to reduce
chemical/thermal/mechanical variability at the forming point
and to improve productivity.
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25.INNOVATIVE MINERAL PROCESSING

As one of the nine most energy intensive industries, mining
consumes 1.25 quads of energy per year, or 3.3% of U.S.
industrial energy use. Minera processing accounts for

approximately 37% of the energy used in mining operations.
Since 34% of the energy used in mining comes from fuel oil,
reduced energy consumption in mining would aso reduce
demand for fuel oil. In addition to mining mineras, minerals
may be recovered through recycling from other industrial

processes.

Unfortunately, mineral processing generates substantial
waste. The production of every ton of useful metal ore is
accompanied by as much as two or three tons of waste rock
that contains too few vauable minerals to warrant
processing. Waste rock disposal sometimes covers hundreds
or even thousands of acres and may be several hundred feet
high. Furthermore, where waste is not properly managed,
metals may be released from sediments into stream waters.
In coal processing, the release of fine mineral particles has
caused significant ecological damage. Similar problems
occur in phosphate mining, where tremendous volumes of
waste sand and clay must be disposed of in beneficiation
processes, and in the aluminum industry, which is concerned
with the disposal of massive quantities of bauxite tailings or
“red mud.”

New energy-efficient, waste-reducing mineral processing
technologies would provide important public benefits by
reducing the amount of waste generated, improving air
quality, and reducing greenhouse gas emissions by reducing
process energy use. In arecent workshop conducted by the
mineral industry, mineral preparation, physical separations,
and chemical separations were identified as key technology
areas in need of research support to achieve energy and
productivity savings in the next twenty years. The greatest
potential improvements were thought to be associated with



the optimization of combined processes and the resulting
synergies. For example, combining beneficiation,
dewatering, and agglomeration into a single process could
reduce flow sheet complexity and materials handling.

The focus of this topic is on the development of new, more
energy-efficient and waste reducing ways to process
minerals rather than on emissions control, waste disposal,
remediation, or treatment. (However, approaches that
include materials recycling or by-product utilization will be
considered.) For subtopics a, b, and c, priority will be given
to research that is broadly applicable to the U.S. mining
industry; optimization of the overall mining process, not only
individua elements of mineral processing, is a high-leve
industry goal. Grant applications are sought only in the
following subtopics:

a. Mineral Preparation—After extraction from the
ground, minerals must be readied for direct use or further
processing. Mineral preparation includes such processes as
communition, makedown, classification, and drilling and
blasting. Crushing and grinding of minerals alone consumes
about 99 trillion Btus annually. Grant applications are sought
to develop technology that can be applied during the
preparation stage so that less energy is required in later
processing. Possible approaches include (1) developing
innovative instrumentation and sensor technology to better
characterize and classify mineras; (2) combining multiple
mineral preparation steps and diminating other more
inefficient onesin order to reduce the amount of energy used
or waste generated across the entire mining process; and (3)
improving existing structural and containment materials or
developing new materials to improve wear resistance in
crushing and grinding.

b. Physical Separations—Inthe mining industry, prepared
minerals undergo physical separation processes including
flotation, dewatering, thickening or settling, filtering, drying,
flocculation, screening, magnetic separation, classification,
and washing. Grant applications are sought to achieve
greater system efficiencies related to the physical separation
stage. Possible approaches include: (1) developing
technology to increase the use of fine particles, or to separate
particles to less than 5 microns, in order to reduce the
amount of uneconomical mining byproducts that are
generated and eventually impounded; (2) combining multiple
physical separations steps and eliminating inefficient onesin
order to reduce the amount of energy used or waste
generated across the entire mining process, and (3)
developing innovative process design and control technology
(including improved sensors, systems, and empirical models)
in order to provide more control over currently inefficient

processes.

c. Chemical Separations—Chemical separations are used
to isolate metals and minerals from their ore by chemical
processes, including pelletizing or briquetting, smelting,
refining, leaching, solvent extraction, bioleaching, and
electrowinning. Grant applications are sought to develop
innovative technology related to these chemical separation
processes. Possible approaches include: (1) combining
multiple chemical separations steps and eliminating inefficient
onesto reduce the amount of energy used or waste generated
across the entire mining process; and (2) developing
improved reaction kinetics, improved heat efficiency,
increases in direct conversion, and in situ recovery, which
would further contribute to the reduction or elimination of
processing steps.

d. Geothermal Mineral Recovery—The recovery of
minerals from geothermal brines, produced primarily for the
purpose of electric power generation, aso offers an
opportunity for improving the economics of both power
generation and minera production. Materials of interest
include borate (produced in Larderello, Italy even before
electricity was generated there), carbon dioxide (available in
large quantities from some geothermal fluids but not
considered to be of economic interest because of its
widespread availability from other sources), zinc (now being
produced from geothermal brinein conjunction with electric
power production at the Saton Sea 5 power plant in
Cdlifornia), and silica (now attracting attention at severa U.S.
sites although product requirements, production processes,
and economics have yet to be established). Grant
applications are sought to develop small prototype systems
for geotherma mineral recovery processing when operated
on the brine flow of a geothermal power plant. The
economic and operating characteristics of these processes
aso must be established, and the cost and quality of
produced materias, as well astheir markets, must be clearly
defined. Commercial production of silica, manganese,
hydrogen or other materials (other than zinc and carbon
dioxide) associated with these geothermal fluids is desirable
because an additiona source of revenue from geothermal
field development is provided.
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26.INTEGRATED SYSTEMS FOR
ENERGY-EFFICIENT SPACE
CONDITIONING

Significant advances in the state-of-the-art in building
envelope components and in heating, ventilating, and
ar-conditioning (HVAC) systems for residential buildings
have taken place over the past two decades. With the
exception of high velocity air distribution systems, these
advancements in HVAC systems are marketed for new
homes. However, existing residential buildings are often 30%
less efficient than new buildings, and $15 billion worth o
energy iswasted each year because the older HVAC systems
were poorly installed or have degraded with time. Therefore,
great potential exists to improve the energy efficiency and
thermal comfort in existing homes. An important area of
opportunity is systems integration, in which two or more
parts of the HVAC system are optimized and in which
improved control can maintain the entire system efficiency.
Grant applications are sought only in the following
subtopics:

a. Separate Dehumidification and Ventilation with an
Outside Air Economizer for Residential HVAC
Systems—Recent research indicates that 30% improvements
in space cooling efficiency, currently at 10 to 12 SEER
(Seasonal Energy Efficiency Ratio), could be achieved by
separating the functions of dehumidification and cooling in
the HVAC system. Grant applications are sought to design
and develop an equipment package that provides separate
dehumidification and ventilation subsystems, uses an outside
air economizer, and can be integrated with an existing air
conditioning system. The dehumidifier would require a
capacity of 36 to 65 Liters/day, an energy efficiency of at
least 2.8 LitergdKwh, and the ability to reject heat to the
outsideair. The ability to pre-cool and dehumidify ventilation



air, and to allow the use of an outside air economizer cycle
when outside temperatures are below the inside temperature,
are also required. These concepts will require an equipment
package that operates at some times on the ventilation air or
outside air economizer only, on recirculated ar plus
ventilation air at other times, and on recirculated air only. A
high efficiency air filtration system also would be a valuable
optional accessory. Collaboration with abuilder/contractor is
encouraged to facilitate adoption of the technology within the
industry. The system should be tested in actual houses to
demonstrate its energy savings potential. The system should
be sized consistent with a 3-ton air conditioning system and
should be capable of dehumidifying 100 CFM of outside air
at 90°F and 70% relative humidity to 72°F and 50% relative
humidity indoor conditions.

b. Sealing and Insulating Existing Residential Air
Distribution Systems—Duct losses in existing air
distribution systems can amount to 30% or more of the input
energy. Careful attention to installation and specification of
highly insulated (R=8 or better) ducts can prevent these
losses in new installations, but there are few cost effective
ways to improve existing ducts. Grant applications are
sought to develop a smple, low-cost approach to seal and
insulate air distribution systemsin existing homes. Possible
approaches include a duct wrapping or duct lining system
that would both seal and insulate existing ducts. The system
should be easy and foolproof to install and must not degrade
over time, which is a problem for systems that use taped
connections because the adhesive on duct tape fails quickly.
Proposed approaches must be consistent with environmental
conditions that include high humidity, high and/or low
temperatures, and high air pressure inside the duct.
Adaptability to varioustypes of duct materials (metal, plastic,
duct board, flexible ducts, etc.) is also required. Teaming
with an HVAC ingtalation contractor would be a significant
advantage for marketability and ease of ingtalation. The
proposed system should be tested in actual houses to
determine the extent of air sealing and insulation achieved.
The resulting sealed duct system should demonstrate lower
leakage than the currently nstalled system, permitting no
more than 10% leakage of total airflow at 25 Pa pressure.

¢. HVAC Diagnostic System Integrated with
Temperature and Humidity Control for Residences—
Current central air conditioning systems tend to be over or
undercharged more than 70% of the time, resulting, on the
average, in a 12% increase in energy use. Current ar
conditioning controls are based only on temperature, and
provide no information on the status of the refrigerant charge
or system airflow. Additionally, the temperature control may
force a homeowner to set the temperature lower than

desirable to obtain sufficient dehumidification during humid
weather, resulting in unnecessary overcooling. Grant
applications are sought for alow-cost controller that provides
an HVAC diagnostic capability with indicator readouts and
controls both humidity and temperature in residential heating
and air conditioning systems. The HVAC diagnostic system
should sense high or low refrigerant charge and system

airflow and notify the homeowner via indicator readouts on
the HVAC controller. The controller must sense and control
humidity and temperature, determine the status of refrigerant
charge and airflow, and provide readouts for these
parameters. The control functions should be accurate to
with 2°F and 3% relative humidity. The diagnostic functions
should be able to identify a 10% change from correct

refrigerant charge and airflow. Also, a ventilation sensing
and control cyclewould be avaluable optional function; such
a control might run the indoor fan and the compressor on
low speed to obtain the desired dehumidification without

excessive temperature reduction. Laboratory and field
evaluations should be included as part of the research project.
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PROGRAM AREA OVERVIEW —FOSSIL ENERGY

http://www.fe.doe.gov/

Fossil energy playsakey rolein our nation's prosperity, and it isimportant that we secure an adequate energy supply from our coal,
natural gas, and oil resources. However, national complacency, derived from low-cost imported oil, has alowed petroleum imports
to increase to alarming levels. We need not go far back in history to find out how uncertainty in petroleum supply can affect our
nation's economic growth. Nonetheless, our near term power generation, heating, and transportation needs still require the
utilization of these hydrocarbon-based fuels. As the economy expands, demand for hydrocarbons will increase accordingly.
Therefore, the Office of Fossil Energy sponsors advanced fossil energy technologies that are environmentally sound and
economically competitive.

Technological innovation is required to take advantage of the United States' large supply of coal and natural gas reserves. Coal's
major drawback is that it contains sulfur, nitrogen, and trace heavy metals, precursors of pollutants that could have deleterious
effects on the environment. Natural gas is also produced with awide variety of pollutant-forming compounds, which preclude
some applications such asfuel cellsand advanced gasturbines. For both coal and natural gas, further improvements are needed to
develop advanced, low cost, high-efficiency processes for the production of clean energy. In addition, it is prudent to consider
ways to reduce carbon dioxide and other greenhouse gases that are generated by the combustion of fossil fuels, and to mitigate
impacts on water resources. Advanced technology development in materials utilization and recovery will be needed for these
challenges - as well as innovations in sensors, electronics, and controls - to be commercialy competitive.

Improvements are also needed in our ability to recover both oil and natural gas. About two-thirds of our national petroleum reserve
is"unrecoverable"; i.e., it cannot be extracted economically by conventional means. This unused resource could play amajor role
in supplementing the national petroleum supply if efficient approaches were developed for improved extraction. Natural gas
production and utilization could aso be increased through improved characterization of reserves and better infrastructure.

The purpose of this solicitation is to seek the participation of small businesses in addressing problemsrelated to utilization of coal
and natural gas to produce power, and to the recovery of oil and natura gas.

27. MEASUREMENT AND TECHNOLOGY FOR
GASIFIERS

To sustain our economic growth, we need to utilize our most
abundant fossil energy resources, coa and natura gas,
efficiently and environmentally safe. The Department of
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Energy (DOE) is supporting the development of advanced
technology power plants that offer higher efficiency, lower
emissions, and reduced capital and operating costs. The
"Vidgon 21" concept is a new approach to the production of
energy from fossil fuelsin the 21st century. It will integrate
advanced concepts for high-efficiency power generation and
pollution control into a class of fuel-flexiblefacilities capable



of operating with near zero environmental emissions. The
approach includes a variety of configurations to meet
differing market needs, including both distributed and central
generation of power. The development and optimum
performance of advanced coal gasifiers will becritical to the
success of this program. This topic seeks to develop key
support technol ogies and measurement techniques for these
gasifiers. Grant applications are sought only in the
following subtopics:

a. Temperature Measurement in Gasifiers—Grant
applications are sought to develop robust temperature
measurement systems suitable for use in high-temperature
coa gasifier applications. These measurement systems
must: (1) consist of the actual temperature measurement
device along with the protection system used to isolate the
measurement device from the harsh operating conditions
found within the coal gasifier; (2) operate at temperatures up
to 1600 C, in flow conditions containing granular
carbonaceous materials, sticky or molten ash, and in the
presence of gases containing significant quantities of
methane, water vapor, carbon monoxide, hydrogen, and low
concentrations of alkali metals, hydrogen sulfide, hydrogen
chloride, and ammonia; (3) withstand the mechanical stresses
generated by the high gasifier temperatures, the high
temperature gradients found across the refractory liners, and
the chemically corrosive atmosphere found within the
gasifier; and (4) be capable of surviving continuous gasifier
operation for at least one year.

b. Advanced Refractory Systems for Gasification
Systems—Refractory liners in high temperature slagging
gasifiers are known to undergo significant deterioration over
a relatively short period of time, requiring considerable
maintenance. Depending upon the operating temper ature of
the gasifier, plant size, and the feedstock, refractory liners
last only 6-18 months and cost over $1 million in materials,
manpower, and lost revenues to replace. Therefore grant
applications are sought to develop advanced refractory
systems or new materials with an expected useful life of
three or more years and the ability to withstand multiple feed
stocks such as coal, biomass, and petroleum coke. Of
particular interest are materials that cost 50% or less than
current materials and materials that contain no chromium.
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28. MATERIALS, SENSORS, AND
CONTROLS FOR ADVANCED POWER
SYSTEMS

New materids, ideas, and concepts are required to
significantly improve performance and reduce the costs of
existing fossil systems or to enable the development of new
systems and capabilities. The Fossil Energy Materids
Program conducts research and development on high-
performance materials for longer-term fossil energy
applications, including high-temperature/high-pressure heat
exchangers, hot gas filtration systems for removing
particulate matter formed during coal combustion and coal
gasification, gas separations, high-temperature fue cells, and
advanced turbine systems. The Sensors and Controls
Program seeks to provide the power industry with advanced
sensors and controls to increase operational efficiency,
reduce emissions, and lower operating costs. Concurrent
with developments in power generation technology,
advancements in robust sensing and control algorithms can
accelerate the time to full-scale commercia implementation



of new power systems. Both programs are concerned with
operation in the hostile conditions created when fossil fuels
are converted to energy. These conditions include high
temperatures, elevated pressures, pressure oscillations,
corrosive environments (reducing conditions, gaseous alkali),
surface coating or fouling, and high particulate loading.

Grant applications are sought only in the following
subtopics:

a. Hydrogen Separation Membranes—Ceramic
membranes offer significant advantages over other
membranes; they show greater stability under the Integrated
Gasification Combined Cycle (IGCC) operating conditions
and are likely to have a higher resistance to attack by the flue
gas. In addition, the separation of streams of hydrogen and
carbon dioxidein IGCC by ceramic membrane technology is
more efficient than other separation technologies. Two types
of ceramic membranes are being investigated for the
recovery of hydrogen from coal gasification streams: porous
membranes and dense membranes. These membrane types
differ significantly in their microstructures, and, therefore,
gas separation takes place by entirely different hydrogen
diffusion mechanisms as described below. Grant
applications are sought to further the development of either
or both types of these ceramic membranes for commercial
hydrogen  production. Proposed approaches must
demonstrate that the hydrogen can be produced in large
guantities and at high purity; therefore, both the permeation
properties and the selectivity of the membranes must be well
characterized and understood.

In porous membranes, hydrogen is transported through the
pores as molecules and the process occurs readily. The
separation membrane is usually made from silica and/or
alumina supported by a highly porous ceramic layer. Porous
membranes are being designed to operate at temperaturesin
the region 300-400°C to be compatible with IGCC
integration. Currently, the maximum operating temperature
for these membranes is 300°C, athough even at this
temperature, there are concerns with stability in H,O-
containing atmospheres.

In dense membranes, hydrogen is transported in the solid
phase as hydrogen ions (protons). In principle, these
membranes can produce very high purity hydrogen because
only hydrogen is transported through the membrane. The
materials of interest for dense membranes are those that
show high protonic conductivity, such as doped SrCeO; and
BaCeOs;. Transport in the solid phase requires more thermal
energy than gas phase transport and hydrogen fluxes
comparable to those abtained from porous membranes are
only achievable at much higher temperatures, typically
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around 900°C. Unfortunately, dense ceramics have not yet
been demonstrated to be compatible with gasification
systems operating at 900°C, because contaminantsin the gas
adversely affect the membrane. Therefore, one area of
interest is the development of dense membranes that can
resist the contaminant effects.
b. Turbine Coatings Development—Protective coatings
play akey role in permitting higher-temperature operation of
advanced gas turbines and in extending their service life.
These coatings are broadly categorized as thermal barrier
coatings (TBCs) and environmental barrier coatings (EBCs),
depending on their primary function. Inthe past, the designs
for these coatings, especialy TBCs for single crystal (SX)
turbine blades, were developed through a phenomenol ogical
approach. However, today, emphasis is on prime-reliant
design (i.e., providing the designer with safe performance
criteria) based on sound mechanistic knowledge of gas-solid
interactions at high temperatures, and of the way in which
these interactions influence the processes involved in
degradation during service. Grant applications are sought to
develop high-temperature protective coatings for gas turbines
used in a coal-derived synthesis gas (syngas) system. The
aim isto identify physicaly attainable limits and to push the
operating envelope to that point through prime reliant design.
Proposed approaches for the coatings should demonstrate
low thermal conductivity, adhesion, and survivability under
operating conditions. Areas of interest include coatings for
turbines based on both SX alloys and ceramics. For metallic
substrates, separate coating layers may be required for the
environmental and thermal barrier functions, whereas for
ceramics, it may be possible to fulfill both roles in a single
coating layer. Also of interest are manufacturing/coating
processes that are airfoil-specific — e.g., coatings for vanes
may be different than those for blades (different
property/thickness requirements lead to different coating
processes, €etc.).

Grant applications are aso sought to understand how trace
contaminants in the syngas interact with advanced turbine
blade materials and coatings, an interaction that may be
compounded by synergistic effects between various
degradation processes. Depending on the type of gasifier and
its hot gas environment, these degradation processes include
deposition, erosion, or corrosion from heavy metals or
particulates, or from such gaseous species as SOx, akali
compounds, or HCI. There is a dearth of long-term
performance data for these environments, yet the above
degradation processes, as opposed to creep and fatigue
processes, are likely to limit the life of gas turbine hot gas
components (e.g. combustion chamber, vanes, and blades).
One possible approach is the development of hot corrosion
and erosion-corrosion modelsto predict the lives of candidate
gas turbine hot-gas-path materials in realistic environments



and to determine how changes to these environments or
configurations (e.g., material §/coatings combinations) could
significantly extend these lives. Priorities include the
selection and verification testing of turbine hot path
component materials and protective coatings.

c. Ultra-High Temperaturelntermetallic Compounds—
Materials based on the Mo-Si system offer the potential for
the use of metallic structures at temperatures well above

1000°C, perhaps up to 1500°C. Significant progress has been
made in the development of these alloy systems to suggest
that properties can be achieved that will allow them to be
used in engineering applications. Therefore, grant
applications are sought to devel op new-generation corrosion-
resistant Mo-Si alloysfor use as hot componentsin advanced
fossil energy conversion and combustion systems. The

successful development of Mo-Si aloys would be expected
to increase the service life of hot components exposed to
corrosive environments at temperatures up to 1500°C, thus
enabling the development of components for high efficiency
power systems. Of particular interest are alloy systems such
as Mo-Si-B. For example, boron-modified MosSis, which
exhibits excellent oxidation and creep resistance, aswell asa
high melting point, is an attractive candidate for structura

uses up to 1600°C. The phase, M0osSB, (T2-phase), isalso
of interest because, by providing asource of boron, oxidation
resistance would be enhanced.

Grant applications are also sought to develop processing
technology for these aloys in order to achieve appropriate
microstructures, capable of yielding aloys with sufficient
fracture toughness for engineering applications.  For
example, a suitable microstructure might contain an
essentially continuous molybdenum matrix; however, casting
is unlikely to deliver such microstructures. Instead,
innovative processing approaches for these materias are
needed so that useful product forms can be produced while
maintaining astructure that has adequate fracture toughness.

d. Sensors And Controls For Advanced Power
Systems—Concurrent with developments in power
generation technology (advanced combustion, gasification,
turbines, and fud cells) revolutionary advancementsin robust
sensing technology are needed to overcome the harsh
conditions that exist when converting fossil fuel to energy.
These conditions include high temperatures (500-15007C),
elevated pressures (200-400 psi), pressure oscillations,
corrosive environments (reducing conditions, gaseous dkdi),
surface coating or fouling, and high particulate loading.

Grant applications are sought to develop: (1) microsensors
designed with or fabricated using high temperature substrates
and materials, including but not limited to silicon carbide,

alumina, or sapphire —for these microsensors, the minimum
temperature for sensor testing is 500°C; and (2) miniaturized
and ruggedized laser or optically based systems designed to
interface with high pressure, high temperature systems— for
these systems, the design must maintain proper access or a
clear sight path. Proposed sensors or systems should
address the in situ, real-time monitoring of one or more of
the following: surface and gas path temperature in syngas
turbines, gas composition anaysis (e.g., H,, CO, low
molecular weight hydrocarbons) to assess system
performance, and emission monitoring (e.g. NOx, Hg).
Other factors (accuracy, reliability, longevity, calibration or
validation, and cost) that increase the risk of developing
commercially viable sensors and controls should also be
addressed in the grant application. Approachesthat focuson
extractive systems or that are for incremental advancements
in measurement technology are not of interest and will be
declined.
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29. FUEL CELL RESEARCH

The objective of the Fuel Cell Program isto conduct research
and development on processes and materials to speed up the
deployment of the technology. The focus is on research
leading to a scientific understanding of high-performance
materials compatible with fuel cell environments and to
generate new materials, ideas, and concepts that have the
potential to significantly improve performance or cost over
what is currently available. Consequently, developing
improved materials for hydrogen production and storage,
high-temperature fuel cells, and solid state electrochemical
materials constitute major objectives of the program. Grant
applications are sought only in the following subtopics:

a. Solid State Electrochemical Materialsfor Advanced
Power Applications Related to Hydrogen Production and
Storage—Electrolytic membranes fabricated from ionically
conducting solid state materials have been used effectively in
solid oxide fuel cells (SOFCs) for electricity generation from
hydrogen gas. Current SOFC research includes catalytic
optimization of electrode charge transfer, reduction in
electrical resistance of cell components, and improvement in
materials fabrication techniques. Another promising area of
research involves the use of SOFCsin applicationsinvolving
both energy conversion and fuel processing. For example,
electrolyzers could be used at distributed locations to create
hydrogen from either hydrocarbon fuels or grid based
electrical power. Such “reversible” fuel cells could convert
electrical energy for storage in intermediate chemical fuels
during times of low power demand and then reproduce
electrical energy during peak demand periods, providing an
important demand leveling function.

Grant applications are sought to develop materials that are
tailored to the reversible production of hydrogen or other
intermediate fuels using SOFC-related technology. One area
of research interest is the reversibility of realistic electrode
materials and their impact on reversible SOFCs and



electrolytic fuel processing. Charge transfer and mass
transport at the electrodes, under conditions where fuel gases
are evolved rather than consumed, equire investigation.
When state parameters are kept constant and conditions are
close to equilibrium, the mechanisms for electrochemical
charge transfer are independent of reaction direction.
However, with electrolysis, for example, high volume
operating conditions may be such that the kinetics (and even
the mechanistic reaction steps) for the oxidation of oxygen
(ion to gas) might be significantly different than for the
reduction of oxygen (gas to ion) at SOFC cathodes.
Catalysts and microstructures that promote efficient charge
transfer in one reaction direction may need to be redesigned
or optimized for efficient kinetics of the reverse reaction.
Similar issues involving the reversibility of the hydrogen
reactions may also need to be resolved.

b. High-Temperature Net-Shape |l nsulation Material—
Insulation is an important cost factor in solid oxide fuel cells
(SOFCs) and SOFC-turbine hybrid systems; as other SOFC
costs decrease, expenses associated with insulation
fabrication and assembly become more significant.
Therefore, grant applications are sought for research leading
to the development of high-temperature ceramic materials
and associated net-shape fabrication techniques, resulting in
lower cost insulation for the operation of SOFCs used in
power generation systems. Insulating materials for SOFC
applications must be thermally, structurally, and chemically
stable within both the oxidizing and reducing environments of
SOFC systems. Theinsulation materials must be capable of
long-term service (greater than 50,000 hours) at
temperatures up to 1000°C, must remain inert and resistant to
oxidation, and must not emit any compounds that poison or
degrade SOFC performance. (For example, when used in
the high-temperature fuel environment, low-grade alumina
insulation has been found to evolve SiO, which migrates to
the anode where it interacts and degrades the power
generation performance of the SOFC device.)

Regarding fabrication, insulation for current prototype SOFC
power generation systems is generally pieced together from
sheet stock, alabor intensive method that produces | ess-than
optimal insulation. The cutting process compromises any
gas barrier properties of the sheet stock surface and creates
gas permeation paths that affect system isolation, leading to
hydrogen/insulation interactions. Therefore, manufacturing
techniques that produce appropriately shaped insulation parts
without extensive machining and post-processing are of
particular interest.

c. Fabrication of Solid Oxide Fuel Cell Structuresvia
Spray Deposition—Recent advancesin the spray deposition
of ceramic materials may enable the production of certain

solid oxide fuel cell (SOFC) structures at substantially lower
cost than with current fabrication methods. However,

significant technical challenges must be addressed before
widespread industrial acceptance of spray deposition in hight
volume mass production is possible. Grant applications are
sought to improve the quality and bonding of spray-deposited
SOFC layers while also substantially lowering energy costs
and materials waste during deposition. Specific areas of

improvement include:

(D] Effective material utilization. Current
fabrication systems tend to lose up to 70% of the spray
material due to over-spray. The lack of low cost
methods for recycling the over-spray materid inhibitsthe
economic viability of mass production with spray
deposition techniques.  Improved techniques that
diminish the material lost by over-spray will improve the
cost competitiveness of the process.

(2 Reduced gasleskage through the el ectrolyte,
leading to localized combustion and the eventua
catastrophic failure of the fuel cell. Because spray
deposition techniques do not generally lead to optimally
dense electrolyte films without additional sintering,
greater electrolyte thicknesses are required to achieve a
gas-tight barrier between the cathode and anode. The
production of thin (5 to 10 micron) yet dense (greater
than 95%) electrolyte layers without significant post
deposition thermal processing is needed.

3 Microstructures with tailored porosity.
Prior research has determined the optima electrode
microstructures for SOFC operation at high power
densities. New spray deposition techniques must be
capable of repeatedly producing the designed
microstructure and porosity while achieving quality
bonds between layers. Spray deposition technologies
that alow for the control of SOFC microstructural
properties are of particular interest.

Processes with broad SOFC applicability are sought;
approaches that focus on producing a specific cell design are
not of interest and will be declined.
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30. GREENHOUSE GASES AND WATER
RESOURCES

The environment is a mgjor concern to the fossil energy
program. As more and more emission issues become
resolved, global warming and water resources have moved
up in importance. Global warming is a consequence of the
heat-retaining property of gases such as carbon dioxide
(COy), released to the atmosphere from the combustion of
fossil fuels for power generation and from the natura
decomposition of organic carbons such as fibers, tissues,
leaves, and food. Because CO, is a heat opague gas,
radiation does not smply pass through it; rather, through
various modes of vibration, some of the heat in the radiation
isabsorbed by CO, molecules. Other gases such as methane
(CH,4) and nitrous oxide (N,O) sharethis partial heat-retaining
property. Together, they are known as greenhouse gases.
Power generation processes also have a negative impact on
our water resources. Power plants, particularly coal plants,
are heavily dependent on water for cooling, and mining for
fuels also uses large amounts of water. The focus of this
topic is on reducing both the level of greenhouses gases and
the amount of water use associated with fossil energy
processes. Grant applications are sought only in the
following subtopics:

a. Chemical Sequestration of CO,—The combination of
high rates of CO, generation and the relatively sow rate of
converting gaseous CO, to organic carbon or carbohydrates,
(CH,O)x, by nature’' s photosynthesis process aggravates the
greenhouse problem and cals for the development of
synthetic processes to restore the balance. Faster CO,
sequestration by chemical means at combustion sources with
high CO, concentrations (i.e., stationary power plants) would
be highly desirable. Inorganic chemical reactions would be
rapid and easily implemented in large volumes. By taking
advantage of the acidic nature of CO, in aqueous media,
ammonia/water liquors can be used to scrub out the CO, in
the form of ammonium bi-carbonates and carbonate, thereby
“fixing” a retaining the carbon in CO, in a stable chemical
compound:

NH3+H20+ CO» = NH4HCO3, Ammonium bicarbonate
2NH3+2H50+CO5 = (NH4) 4CO3, Ammonium carbonate

These sdts of ammonia, often referred to as nitrogen
fertilizers, serve as nutrients to support nature’s
photosynthesis process — as nutrients, they contribute to
storing organic carbon in the soil, both in large quantities and
for long duration. Ammonium bicarbonate (ABC) has been



used overseas as an inexpensive nitrogen fertilizer since
1950. However, ABC isvolatile and unstable, and incurs an
appreciable amount of loss in storage. Although the
additive-added ABC has shown much improvement,
guestions remain concerning the fate of the carbon elements
in ABC. In particular, does asignificant portion of the HCO3
in the ABC percolate down into the ground water and
become sequestered underground for the long term? Some
of the carbon reverts back to CO, by ABC decomposition,
and some converts to biomass (CH,O)y inside the plant.
Only a fraction of the carbon, in the form of bicarbonate,
percolates down into the alkaline aquifer to subsequently
become permanently neutralized as carbonate or other stable
carbon compounds.

Grant applications are sought to develop a carbon materia

balance for atest bed, in order to determine the percentage of
carbon in the ABC that is (1) lost to the atmosphere as CO,;
(2) converted to and harvested as biomass, (CH,O)x; and (3)
percolated down to and sequestered in the ground water.

This carbon material balance should be measured and
analyzed free from the interference of atmospheric carbon
dioxide. Tests should be conducted with at least three (3)
representative soils, al of which would be likely future test
soils. Selected soils should be in steady state (i.e., under
typical cultivation or use) with respect to organic carbon

content, so as to eliminate organic carbon content as a
variable; at the end of each test, a representative soil sample
should be analyzed to verify that the organic carbon content
has not undergone significant change. Based on the carbon
material balance, amathematical model could be constructed
to assessafair and realistic “ carbon credit” for agenerator’s
contribution to carbon sequestration. Grant applications
should include a strategy for conducting the carbon balance,
and if possible, a means of assessing the concentration and
duration of organic carbon compounds [mostly biomass,

(CH;O)x] in a selected soil. Where organic carbon and its
corresponding in-soil residence time would require
measurement in selected soils, applicants should demonstrate
that the analytic techniques developed and verified in this
effort would serve asauseful reference guide. Finaly, grant
applications should describe (1) the nature of the apparatus
and techniques used to obtain data; and (2) any assumptions
concerning whether anet percolation of rain water to ground
water is taking place and, if so, the likelihood of the ABC or
the BC being carried down to and tied up by the ground
water strata.

b. Non-Carbon Dioxide (Non-CO,) Greenhouse Gas
Reduction—Until recently, effortsto understand and reduce
theleve of greenhouse gases have focused on carbon dioxide
sequestration, more efficient use of carbon fuels, and lower

carbon-content fuels. Recent publications by Hansen, et al.,
have shed new light on the importance of non-CO,
contribution to greenhouseeffects. Grant applications are
sought to develop technology that could significantly reduce
the escape to the atmosphere of two of these non-CO, gases:
methane (CH,) and nitrous oxide (N>O). Areas of interest
include the reduction of these emissions from oil and gas
exploration and production, coal mines, landfills, refineries,
rice cultivation, enteric fermentation, fertilizer utilization,
manure, residue burning, biomass production and use, and
other sources.

c. Instrumentation Systems for Monitoring and
Verifying Car bon-Sequestr ation—New, low-cost methods
for determining and verifying carbon sequestration are
needed to lower the overall cost of carbon sequestration.
Grant applications are sought for new reliable, low-cost
instrumentation, diagnostic tools, and measurement systems
that can be used to monitor and verify the sequestration of
carbon in both terrestria and geologic storage sites. For
terrestrial sequestration, systems must be capable of covering
alarge geographical area and measuring net carbon uptake,
after accounting for generation of methane (CH,) and nitrous
oxide (N,O). For sequestration in geologic reservoirs, the
systems must include methods to track flows within the
reservoirs as well as migrations out of the reservairs.



d. Water Usage in Electric Power Production—Power
generated from fossil fuels, especialy coal, is dependent on
water. On average, approximately 30 gallons of water are
required for each kWh of power produced from coal.
Thermoelectric power production uses approximately
132,000 Mgal/day of fresh water, second only to irrigation.
Mining also uses alarge amount of water, estimated at 3,770
Mgad/day, impacting both surface and ground water. In
power generation, the largest single use of water is for
cooling the low-pressure steam from the turbine. Air has
been considered as an alternative, but air-cooled systems
(sometimes referred to as dry systems) can have associated
capital-cost and energy-inefficiency penalties, particularly in
retrofit applications. Grant applications are sought to develop
novel concepts and technology to reduce both the amount of
water used and the potential impact on water quality, and
must be directed toward one following areas of interest: (1)
reducing water used in power generation, (2) water quality
improvements in power generation; and (3) reducing water
usage and water-related environmenta impacts associated
with the mining of fossil fudl.
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31. NATURAL GASTECHNOLOGIES

The Department of Energy (DOE) seeks innovative methods
and concepts that will contribute to more efficient and
economic processes for the recovery and utilization of

natural gas. Much of the known reserves of gas discovered
in the United States cannot be recovered by conventional

techniques. The utilization of fossil fuels can be enhanced by
the commercial production of clean fuels from natural gas.
Accordingly, characterization, production, and utilization, as
well as development of infrastructure are important to the
success of the program. Grant applications are sought
only in the following subtopics:

a. Advanced Diagnostics and Imaging—During the past
12 years, the DOE has worked closely with the United States
Geological Survey (USGS) to assess the energy resource
potential of low-permeability sandstones in key basins.
These studies estimate that a staggering total of 6,800 trillion
cubic feet (Tcf) of natural gas may be present in four major
Rocky Mountain basins. Although these resources are key to
thelong-term sustainability of natural gas supply in the United
States, they are largely sub-economical at today's gas prices.
Advanced technologies will be needed to deliver portions of
this vast resource to the nation's energy portfolio.

The extraction of natural gas from these large areas of the
tight reservoir rock requires unconventional wells that are
dependent upon an extensive, well-connected natural fracture
network. Unfortunately, most unconventional wells are only
marginally productive because an extensive natural fracture
network isthe exception, rather than the rule. Thus, 90-95%
of all unconventiona wells require hydraulic fracturing to
connect large surface areas of the reservoir to the wellbore.
The situation is further complicated by the fact that
significant portions of the natural gas resources reside in
low-permeability formations at depths below 10,000 feet,
with a number of separate pay zones distributed across
thousands of feet. Separate hydraulic fracture treatmentsare
required to produce each zone; these multi-stage stimulations
can take several weeksto complete and cost more than half a
million dollars. High water production adds a further
complication —it isimportant to determine where the water is
coming from and how it can be avoided so that large portions
of this important resource are not abandoned.

The economical production of natural gas from these tight
gas resources will require additional advances in exploration
and production technologies. Concurrently, advanced
diagnostic and imaging technologies will be needed to assess
the efficacy of new extraction techniques. Therefore, grant
applications are sought to develop: (1) advanced well logging

tools for improved detection of mobile fluid saturations and
net pay thicknessin thinly bedded sandstone-shale sequences
associated with low-permeability tight sands; (2) better
borehol e and near -borehole imaging tools, including improved
acoustic, optical, and electrical tools for imaging fractures
and thin beds that standard logging tools cannot detect —
these imaging tools should be capable of measuring fracture
dimensions and other properties, such as azimuth, density,
spacing, length, flow aperture, saturation, connectivity, and
in situ stress; and (3) improved multicomponent seismic data
analysis, interpretation, and application techniques for
detecting variations in lithology, porosity, pore fluid content
(i.e. discriminating oil, water, and gas), and bulk reservoir
properties by the joint analysis of information derived from s-
waves and p-waves.

b. Natural Gas Downstream Processing and
Utilization—Over the past decade, the DOE Gas Processing
Program has evolved in support of our national goa to
expand the development and utilization of our abundant
domestic natural gas resources. The use of natural gas
offersenvironmental benefits over other conventional energy
sources and helps to offset increasing oil imports. However,
some natural gas resources (e.g., low quality on-shore or
off-shore wells, coalbed methane production, or landfill gas
sites) are in remote locations or contain large amounts of
nonmethane gases and natural gas liquids which make them
uneconomical to market as natura gas. If the nonmethane
impurities and natural gas liquids could be removed, the
economic and energy efficiency impacts would be
significant. Grant applications are sought to develop small-
scale facilities for raising low-quality raw natura gas to
pipeline quality by removing nitrogen, carbon dioxide, water,
hydrogen sulfide, and natural gas liquids. With respect to the
removal of hydrogen sulfide from natural gas, the techniques
sought must also encompass its subsequent or direct
conversion to elemental sulfur or other environmentally
benign products. Approaches that have crosscutting
applications in coa and other fuel related areas (where feed,
combustion, or waste streams require removal of impurities
or the need to concentrate specific components) are of
interest. These technology approaches may include
membranes,  absorption/adsorption,  and/or  hybrid
combination of these technologies. In addition, in order to
show market potential, teaming with industry for possible
field-testing and demonstration of these techniques is
required.

c. Low Temperature Sulfur Removal Technologies—
Chemical odorants made with sulfur-containing compounds
are added to propane and natural gas supplies in order to
facilitate gas leak detection. However, these sulfur



compounds contaminate catalystsin fuel processing systems
upstream of afuel cell. They also poison the surfaces of fuel
cell anodes and lead to reduced power generation
performance. The technologies used to remove the sulfur
from the gas stream operate at temperatures above 300°C.
Unfortunately, these high-temperature sulfur removal
systems cause complications with the fuel combustion pre-
heating sequence, typicaly used during fuel cell startup
before electrical power can be generated. These
complications lengthen the time and increase the energy cost
of the fuel cell system start-up. Sulfur removal systems
capable of operating effectively at ambient temperatures
would simplify the start-up procedure and reduce non-
productive fuel consumption. Therefore, grant applications
are sought to develop, demonstrate, and evaluate such low
temperature sulfur removal technologies for commercialy
available natural gas and propane fuels.

d. Natural GaslInfrastructure Reliability—Maintaining
the integrity and reliability of the natural gas distribution and
transmission systems across the United Statesis essential to
ensure the availability of clean, affordable energy for our
homes, businesses, and industries. Natural gas consumption
in the U.S. is projected to reach or exceed 35 trillion cubic
feet (TCF) per year by 2020, increasing from 22 TCF per
year in 1997, and thisincrease will require maintaining much
of the existing natural gasinfrastructure and expanding on it.

DOE's National Energy Technology Laboratory (NETL),
through the Strategic Center for Natural Gas (SCNG),
recently initiated a new program involving infrastructure
reliability. The purpose of the Infrastructure Reliability for
Natural Gas Program is to provide research and technology
development to maintain and enhance the integrity and
reliability of the Nation's gas transmission and distribution
network. Grant applications are sought to develop: (1)
advanced automation technologies, including sensors, for
improved automated data acquisition, system monitoring, and
control techniques between the field and control centers; or
(2) improved technologies or tools (suitable for small
openings - i.e., "keyhole" technologies) for internal repair of
damaged pipe.

Applicants are encouraged to review the document,
"Pathways for Enhanced Integrity, Reliability and
Ddiverability" (available on the NETL Website at
http://www.netl.doe.gov/scna/publications/t& d/natural g. pdf
and the update to that document, “Roadmap Update for
Natural Gas Infrastructure Reliagbility”

http://www.netl.doe.gov/scna/publications/t& d/Pittsburgh%20R

oadmap%20Update 3-15-02 Final_1.PDF, whichsummarizesa
NETL-sponsored roadmapping session to identify priority
research needs for the natural gas pipeline infrastructure.
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32. OIL AND FUEL TECHNOLOGIES

Much of the known il reserves discovered in the United
States cannot be recovered by conventional techniques.

Therefore, the Department of Energy (DOE) seeksinnovative
methods and concepts that will contribute to more efficient
and economic processes for the recovery and utilization of
oil. In addition, the utilization of fossil fuels can be enhanced
by the commercial production of chemical products from
fossil fuel resources. Accordingly, the development of

processes to convert these resources to commercial
chemicals 5 an important goal. Grant applications are
sought only in the following subtopics:

a. Real-Time Fluid Identification During Drilling—
Drilling technology has progressed to the point that it is now
possible for important physical and petrophysical datato be
rapidly transmitted to the surface. This data allows rig
operators to make quicker decisions with less "down time"
caused by the wait for necessary information. However, two
pieces of information that till elude decision-makers during
the drilling process are the fluid pressure and fluid
composition in the rock (identified the as a critical need by
industry representatives — see report at the website
www.npto.doe.gov). Although mud returns can be analyzed
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to determineif fluid is entering the hole, the time delay can be
significant when drilling deep wells with balanced or
overbalanced mud conditions. Even underbaanced drilling
does not provide the information to the surface in real-time.
Also, samples can be contaminated by uphole formations.

Therefore, grant applications are sought to develop
technology that can identify the fluid flow and composition at
the bit during drilling, transmit the information in real-time,
and survive the rugged downhole conditions. Such a
capability would save time and money as well as add greater
safety to the operations.

b. Petroleum Fuels—Gas Conversion Technologies
(GCT), an integral component of DOE’s Petroleum Fuels
program, focuses on advancing technology needed to
economically utilize natural gas resources in regionsthat are
remote from their markets. The driving force for the GCT
effort isto expand the transport and marketability of the vast
gas resources of Alaska's North Slope (ANS). The GCT
emphasisis on chemically changing the gasto astable, ultra
clean-burning hydrocarbon liquid, fully compatible with
modern vehicle fuels used to power our vast automobile and
truck fleet. GCT using the Fischer-Tropsch (FT) process
would be the technology of choice for ANS gas, but the
combination of current FT eonomics and ANS's distant
location and inhospitabl e climate poses difficult challengesto
implementation. Grant applications are sought to develop
innovative technology for one or more parts of the multi-step
FT/GCT process, or for process integration, in order to
demonstrate economic feasibility at the ANS and other
prospective U.S. locations. Areas of research interest
include: (1) reducing the first-step costs of syngas
manufacture, (2) reducing costs associated with the
subsequent syngas conversion to aliquid, and (3) upgrading
the resulting liquid to needed fuel products.

c. Preparation of Chemicals by Oxidation of Coal—
Current thinking about the molecular structure of coal
suggest the possibility of breaking up the molecule to recover
relatively valuable, commercia chemica products. Breaking
the molecule’ s weaker bonds with oxygen is appealing, but
since 1984, this subject has received little attention in the
literature. Prior to that, there were reports of rather
straightforward reactions, primarily with the oxidants
“arfalkai,” nitric acid, and H,O,. The first of these
approaches proved discouraging because of the cost of alkali
use and because its weak oxidizing power resulted in only
crude humic acids. Results for the other two oxidants were
reasonably encouraging — yielding di- and tri- basic acids as
well as other products. Between 1988 and 1990, a series of
reports were published by a DOE-funded project for the
conversion of coal into a synthetic diesel fuel by reaction

with HNO;. The proposed process proceeded smoothly, and
resulting lab-scale diesel engine tests were satisfactory. To
conduct these tests, the crude, acid-liquefied, water insoluble
coal extract was taken up in methanol and filtered; the water
insoluble elemental analysis (54% C, 36.3% O) suggested
that the product was primarily adibasic acid with six linking
or methyl carbons. An appealing aspect of this approach is
the opportunity for regenerating the nitric acid by collecting
and reoxidizing its oxides. Grant applications are sought to
continue the evolution of processes for the oxidation of coal
to commercia chemicals, accounting for each of the
following steps: (1) a preliminary identification of the
process, (2) apreliminary economic analysis, and (3) amore
detailed study of the selected process(es) leading to
commercialization.
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PROGRAM AREA OVERVIEW
OFFICE OF FUSION ENERGY SCIENCES

http://wwwofe.er.doe.gov

The Department of Energy sponsors fusion science and technology research as a valuable investment in the clean energy future of
this country and the world, as wdl as to sustain afield of scientific research - plasma physics - that isimportant in its own right
and has produced insights and techniques applicable in other fields of science and industry. The mission of the Fusion Energy
Sciences (FES) program isto acquire the knowledge base needed for an economically and environmentally attractive fusion energy
source. FESresearch efforts seek to: (1) understand the physics of plasmas, the fourth state of matter - plasmas constitute most
of the visible universe both stellar and interstellar, and progress in plasma physics has been the prime engine driving progressin
fusion research; (2) identify and explore innovative and cost-effective development paths to fusion energy - the current fusion
program encourages research on a wide range of approaches, including the tokamak, the leading power plant candidate, other
magnetic configurations, and inertial fusion energy using particle beams or lasers; and (3) explore the science and technology of
energy producing plasmas, the next frontier in fusion research, as a partner in ainternational effort - reducing costs, avoiding
duplication of efforts, and bringing the best availabl e scientific and engineering talent together to seek solutionsto complex problems
can best be done through the cooperative efforts of the world fusion community.

Thisisatime of important progress and discovery in fusion research. The FES program is making great progress in understanding
turbulent losses of particles and energy across magnetic field lines used to confine fusion fuels, identifying and exploring innovative
approaches to fusion power that may lead to more economical power plants, and encouraging private sector interests to apply
concepts developed in the fusion research program. It isfelt that small businesses, by performing research within the following
technical topics, can make significant contributions to these efforts. This solicitation is restricted to science and technology
relevant to magnetically confined plasmas and inertial fusion energy. Grant applications pertaining to fusion energy concepts not
based specifically on the use of plasmas for producing energy/electricity for non-defense purposes will be declined.

plasma behavior and improving the performance of high
temperature plasma for eventual energy production. The
goas of thistopic are to develop and demonstrate innovative
techniques, instrumentation, and concepts for measuring
magnetic plasma parameters, for plasma processing, and for

33. FUSION SCIENCE AND TECHNOLOGY

The Fusion Energy Sciences program currently supports
several fusion experiments with many common objectives.
These include expanding the scientific understanding of



magnetic plasma simulation, control, and data analysis. Itis
also intended that concepts developed as part of the fusion
research program will have application to industries in the
private sector. Grant applications are sought only in the
following subtopics:

a. Diagnosticsfor Magnetic and Inertial Fusion Plasma
Research—Grant applications are sought to develop
measurement techniques for parameters such as plasma
density, electron and ion temperature, plasma current and
current density, plasma position and shape, impurity density,
magnetic field strength, ambipolar potentials, and radiation
from the plasma. Diagnostics suitable for experimental
devices using relatively low magnetic fields or burning
plasmas are of particular interest? New diagnostics for
measurementsin the 3-dimensional plasmas characteristic of
stellarators are also needed. In addition, methods are desired
for examining the edge and divertor regions in tokamak
plasmas. Both new techniques and methods to improve the
accuracy and resolution of existing diagnostics (e.g.,
improving the signal-to-noise ratio or extending the range of
measured parameters) will be considered. Measurements
must be both spatially and temporally resolved for both the
absolute values of parameters and for small relative
differences. For some of the above parameters, real-time
measurements will be an advantage in order to provide for
plasma control. For the DIII-D experimental program at
General Atomics, diagnostics are needed for: (1) fluctuations
of electron and ion temperatures, electron density and electric
field, particularly in the high density plasma core (fluctuation
frequencies are typically in the range of 100 KHz to severd
MHz, and fluctuation levels are typically less than 1% of the
guasi-steady-state plasma levels); (2) transport due to
fluctuations, which requires cross-correlations between
density, temperature and velocity fluctuations, (3)
visudlization of turbulence in two dimensions, or even three
dimensions; and (4) imaging of non-thermal electronsin two
dimensions, with energy resolution if possible. For additiond
information, see the summary of the February 1998
workshop addressing measurement needs in magnetic fusion
devices, listed as one of the references.

Grant applications are also sought to apply diagnostics
technology, developed for fusion energy, to the use of
plasmas in manufacturing. These grant applications should
show how the application of these diagnostics would
contribute to the understanding of plasmas used in
manufacturing, as well as provide an improved basis for
modeling these plasmas.

Grant applications are also sought to develop instrumentation
and time-resolved measurement techniques of high charge-

density heavy-ion beams of energy greater than 0.5 MeV and
radius ~1 to 5 cm. Beam parameters of interest include
current, density distribution, beam position, energy, energy
distribution, emittance, and space potential, in Injector,
Transport, and Final Focus sections. Of particular interest
areinnovative non-intercepting position detectors and optical
(including scintillator-based) beam diagnostics suitable for
rapid characterization of beams in both the present (0.5 to 2
MeV) and higher energy range, and diagnostics for
characterizing trapped secondary electron distributions.
Further information may be obtained in the HIF Symposia
series (see reference for 12th International Symposium).

b. Componentsfor the Generation, Transmission, and
Launching of High Power Electromagnetic Waves—Tools
are needed to support fusion experimental research in such
areas as plasma heating and temperature profile control.

Grant applications are sought to devel op components rel ated
to the generation, transmission, and launching of high power
electromagnetic waves in the frequency ranges of ion

cyclotron resonance heating (50 to 300 MHZz), lower hybrid
resonance heating (2 to 20 GHz), and electron cyclotron
resonance heating (100 to 300 GHz). Components of

interests include: power supplies, antenna and launching

systems, tuning and matching systems, unidirectiona
couplers, mode convertors, windows, output couplers, loads,
and diagnostics to evaluate the performance of these
components, fault protection devices and energy extraction
systems from spent electron beams.

C. Plasma Simulation and Data Analysis—The
simulation of fusion plasmasisimportant to the devel opment
of plasma discharge feedback and control techniques. The
simulations can be used to make reliable predictions of the
performance of proposed feedback and control schemes and
to identify those that should be tested experimentally.
However, acurate simulations of fusion plasmas are very
difficult because of the enormous range of temporal and
spatial scales involved in plasma behavior. Considerable
progress has been made in recent years in understanding and
simulating plasma turbulence along with associated transport,
macroscopi ¢ equilibrium and stability, and the behavior of the
edge plasma. However, there remains a need to integrate the
various plasma models. Grant applications are sought to
develop computer algorithms applicable to plasmasmulations
that account for an expanded number of plasmafeatures and
an integration of plasmamodels. Some examples of possible
approachesinclude algorithmsthat incorporate mathematical
techniques such as neural networks, sparse linear solvers,
and adaptive meshes; algorithms for coupling disparate time
and space scaes; efficient methods for facilitating
comparison of simulation results with experimental data; and



visualization tools for local and remote analysis and
presentation of multi-dimensiona time dependent data.

Grant applications are aso sought to develop software
toolsuseful for theandyssand didtribution of fuson data.

Aress of interest include methods for coupling codes
across architectures and through the Internet; techniques
for making highly configurable scientific codes, data
management and andys's techniques for large data sets;
and remote collaboration tools that enhance the ability of
ageographicaly distributed group of scientiststo interact
inred-time.

The computer dgorithms and programming tools should be
developed using modern software techniques and should be
based on the best available models of plasma behavior.

d. Superconducting Magnets and Materials—New or
advanced superconducting magnet concepts are needed for
plasma fusion confinement systems; i.e., high field magnets
(12 to 20 T) and low loss pulsed magnets. Grant
applications are sought for: (1) innovative and advanced
materials and manufacturing processes that have a high
potential for improved conductor performance and low
fabrication costs; (2) cryogenic superconductor materials
with high critical current density, low sensitivity to strain
degradation effects, and radiation resistance; (3) novel,
low-cost cable designs and fabrication techniques, which
minimize conductor strain; (4) superconducting joints for
high field and pulsed applications, (5) novel, advanced
sensors and instrumentation for non-invasively monitoring
magnet and helium parameters (e.g., pressure, temperature,
voltage, mass flow, quench, etc.); (6) thick (15-30 cm)
weldable structural case materials with high strength and
toughness at 4 K; (7) welding techniques for such thick
cryogenic structural materials, and (8) radiation-resistant
electrical insulators (e.g., wrapable inorganic insulators and
low viscosity organic insulators, which exhibit low
outgassing under irradiation).
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34. ADVANCED TECHNOLOGIES AND
MATERIALS FOR FUTURE
ENERGY SYSTEMS

FUSION

An attractive fusion energy source will require the
development of technologies and materialsthat can withstand
the high levels of surface heat flux and neutron wdl loads
expected for the in-vessel components of future fusion
energy systems. These technologies and materials will need
to be substantially advanced relative to today's capabilitiesin
order to achieve safe, reliable, economic, and environmentally
benign operation of fusion energy systems. Grant
applications ar e sought only in the following subtopics:

a. Structural Materialsand Coatings—Grant applications
are sought for research that will enable the development of
advanced reduced activation materials and electricaly
insulating coatings. Materials systems of interest are limited
to the following: (1) vanadium aloys, (2) oxide dispersion
strengthened (ODS) ferritic steels, (3) high-toughness
tungsten aloys, (4) SiC/SiC composite or graphite-fiber/SC-
matrix structural composites, and (5) electrically insulating
coatings on vanadium to reduce magnetohydrodynamic
(MHD) effects in liquid lithium cooled systems. For
vanadium aloys, areas of interest include the devel opment of
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improved multiphase dloys, increased oxidation resistance,
and decreased sendtivity to bulk ductility degradation
associated with gaseous impurity pickup. For ODS ferritic
steels, areas of interest include developing low cost
production techniques, improved isotropy of mechanical
properties, joining methods, and the development of
improved steel swith the capability of operating up to ~800°C
while maintaining adequate fracture toughness at room
temperature and above. For tungsten alloys, areas of interest
include improvements in the grain boundary strength,
fracture toughness, and joining techniques. For SIC/SIC
composites, the primary areas of interest are the devel opment
of radiation resistant hermetic coatings and the development
of advanced joining processes; techniques to improvetherma
conductivity are of secondary interest. For electricaly
insulating coatings, the reduction of MHD effects are of
primary interest; but grant applications also must account for
compatibility with both the coated vanadium alloy and aliquid
lithium coolant for long time operation at 400-700°C, the use
of candidate coatings on actual system components, and the
long term reliability and/or in situ repair of defects that could
develop in the coating.

Grant applications a so are sought to develop: (1) innovative
new modeling tools ranging from atomistic and molecular
dynamics simulations of atomic collision and defect migration
events (including solute binding effects) to improved finite
element analysis (mechanical deformation and fracture) or
thermodynamic stability (materials by design) tools; and (2)
innovative methods or experimental apparatuses that would
enhance the ability to obtain key mechanica or physical

property data on miniaturized specimens — of particular
interest isthe micromechanics evaluation of deformation and
fracture processes.

In this subtopic, the emphasis is on materials for structural
applications; grant applications for issues related to plasma:
surface interactions will not be considered. Also, grant
applications related to general fabrication techniques and the
economics of SiC composite component fabrication (e.g.,
low cost production methods) are not of interest.

b. Particle and Heat Removal with Liquid Surfaces—
Innovative liquid surface concepts are desired for heat
removal from surface heat fluxes at first walls and divertors
of about 2 MW/m? and 50 MW/m?, respectively, with good
safety, reliability, and maintenance features. Current interests
are focused on evaluating the use of flowing liquids with
direct exposure to the plasma that can potentially remove
particles as well as surface heat. Candidate liquids metals
include lithium, tin-lithium, tin, gdlium, and lead-lithium.
Other candidate liquids are lithium bearing sdlts, such as



BeF,-LiF and BeF,-LiF-NaF. Grant applications are sought
to develop: (1) techniques for the removal of first wall and
divertor heat loads by free surface flowing liquids (proposed
techniques  should address  the  effect of
magnetohydrodynamics on heat transfer and should aso
consider heat removal enhancement techniques, such as
turbulence promoters); (2) efficient nonlinear solution
methods, as well as alternate object-oriented languages for
computational tools, to model fusion-relevant issues of liquid
wall flows, such as heat transfer at free surfaces and free
flows with magnetohydrodynamic effects and turbulence; (3)
techniques, such as the addition of aloying materias, to
improve the compatibility of candidate liquids with either the
plasma operation (e.g. lowering vapor pressure) or with
structural/insulator materials (e.g. ceramic insulatorsthat can
be wetted by Li); (4) nozzles for liquid injection (e.g.,

streams, jets, films, and droplets) and collection/removal

techniques that are drip and splash free, self-cooling, and
efficient in head recovery at the outlet; (5) non-invasive
diagnostics for experiments to study high temperature free
surface liquid flows in magnetic fields (such diagnostics
might include measurements of mean flow velocity,
turbulence intensity, velocity fluctuations, flow depth, and
surface/depth temperature profiles); (6) efficient techniques
for pumping liquid metalsin the presence of amagnetic field,
including the production of free surface flows, and (7)

techniques for validation of fluid flow and heat transfer
models.
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35.INERTIAL FUSION ENERGY

Inertial fusion energy is produced by ignition and burn of an
energy-producing target. Conditions necessary for ignition
and burn result from the external application of energy to the
fuel target by an external driver. Although several drivers
such as lasers and ion beams have been considered, the
emphasisin the fusion energy science program is on intense
heavy ion beams as drivers. These beams are produced by
induction linear accelerators with components to produce,
accelerate, transport, and focus beams of required energy
and intensity. The Fusion Energy Sciences program in
inertial fusion energy supports research and technology in the
generation, transport, and measurement of these heavy ion
beams. Thereis also interest in selected technology topics
with relevance to different inertial fusion energy driver
concepts. Grant applications are sought only in the
following subtopics:

a. Beam Generation and Transport—Grant applications
are sought for the development of high current, high
brightnession sources for heavy ion induction linacs that can
produce beam currents >0.5 A with <1 p fhm-mrad
emittance and short pulse lengths ~ 1 psec, and that can be
extended to compact arrays of multiple beams. Grant
applications are also sought for prototypes of multiple beam
arrays of superconducting quadrupoles for multiple beam
transport, the array cryostat, and cryogenic leads in a
compact design that is compatible with induction acceleration
modules. The focusing unit of interest consists of a doublet
of quadrupole arrays in a common cryostat, with typical

parameters as follows. number of channels, 412; lattice
length, 45 cm; clear bore diameter, 50-70 mm,; central field
gradient above 100 T/m; and magnetic length, ~10cm.

Careful consideration of the termination of the magnetic
fields at the periphery of the array is required to ensure
adequate field quality.

b. Models for Electron Production in Accelerators for
Heavy-lon Beam-Driven Fusion—Grant applications are
sought for computational modules to calculate (1) cross
sections for the production of neutrals, ions, and electrons
via wall bombardment by beam ions and other species, (2)
source distribution functions for the resultant products, (3)
cross sections for ionization and charge-exchange of the
neutrals by the ion beam, and (4) the volumetric evolution of
neutra gas. Grant applications are also sought for the
development of a set of subroutines suitable for
gtraightforward inclusion into existing intense-beam

simulation codes (such as WARP, BEST, and/or LSP).
Initial calculations using these models should be carried out in
a regime relevant to the upcoming High Current Experiments
at Lawrence Berkeley National Laboratory (LBNL). The
models should be sufficiently general that they can be applied
to a wide variety of ion accelerators for a broad range of
applications.

c. Technology for Inertial Fusion Energy (IFE)—In an
inertial fusion power plant, targets must be repetitively
injected into a reactor chamber and driven by either a heavy
ion beam, a high power laser, or a pulsed power machine (z
pinch or magnetized target fusion). The targets must be
fabricated and injected with great precision. Moreover, the
target releases a high intensity burst of neutrons, energetic
particles, and x-rays that must be contained within the
chamber. Grant applications are sought to develop:

(1) Damage resistant chamber materials. The x-rays,
neutrons, and particle debris released in inertial fusion have
energies up to several MJ¥m? and are emitted on atime scale
from 1 nsto 100 microseconds. Wall materials must survive
this environment for periods of up to severa years at

repetition ratesup to 10 Hz. The wall materials must provide
low radioactivity under neutron exposure and high
temperature operation consistent with efficient power
production. Innovative materials, which can withstand this
environment, are sought. Schemes that can protect or shield
thefirst wall arealso of interest. In addition, innovative low-
cost approaches to testing pulsed damage resistance of

chamber materials are needed.

(2) Damage resistant laser optics and optics protection
methods for the last optical element before the reactor
chamber in a laser fusion system. Both metal mirrors and
fused silica windows have been proposed for this "final
optic," but other technologies may be appropriate. The final
optic must operate at 1/4 to 1/3 micron wavelength and must
be protected from exposure or capable of withstanding
pulsed irradiation by neutrons, x-rays, and debris. In either
approach, the optical elements must survive for several
years.

(3) Low-cost fabrication methods for mass-produced inertia
fusion energy targets, including targetsfilled with deuterium-
tritium fuel and coated with a protective layer. In an IFE
power plant, about 500,000 cryogenic targets must be
prepared and injected each day at arate d 510 Hz into a
target chamber operating at elevated temperatures. These
targets must be precisely made and cost less than $0.30
each.

(4) Methodsfor target injection and tracking. Targetsdriven



by heavy ion or laser beams must be injected into the
chamber at arate of 510 Hz, at velocities from 200 to 400
m/s, and with an acceleration approaching 1000 g. The
targets also must be tracked precisely inside the chamber.
Gas guns, electrostatic accelerators, and electromagnetic
accelerators are being evaluated as candidate target injectors.
Techniques to accurately track the target (in order to steer
them or the driver beams) also are needed.

(5) Design, construction, testing, and efficient procedures
for the repetitive replacement of recyclable transmission line
(RTL), target assembly, and close-packed coolant. For
pulsed-power drivers (z-pinch and magnetized target fusion),
the RTL, target assembly, and close-packed coolant (for
shock mitigation) must be repetitively replaced on arelatively
slow time scale (about 0.1 Hz).
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PROGRAM OVERVIEW - NUCLEAR PHYSICS

http://www.er.doe.gov/producti on/henp/nucphys.html

Nuclear physics research seeks to understand the structure and interactions of atomic nuclei and the fundamental forces and
particles of nature as manifested in nuclear matter. Nuclear processes are responsible for the nature and abundance of all matter,
which in turn determine the essential physical characteristics of the universe. The primary mission of the Nuclear Physics program
is to develop and support the scientists, techniques, and facilities that are needed for basic nuclear physics research. Attendant
upon this core mission are responsibilities to enlarge and diversify the nation's pool of technically trained talent and to facilitate
transfer of technology and knowledge to support the nation's economic base.

Nuclear physicsresearchis carried out at national accelerator facilities and through university programs. The Continuous Electron
Beam Accderator Facility (CEBAF) at the Thomas Jefferson National Accelerator Facility (TINAF) and the Bates Linear

Accelerator at MIT alow detailed studies of how quarks and gluons bind together to make protons and neutrons. CEBAF is
planning a future upgrade in which the electron beam energy is doubled from 6 to 12 GeV. The Relativistic Heavy lon Collider
(RHIC), now in operation & Brookhaven National Laboratory (BNL), will instantaneously form submicroscopic specimens of
guark-gluon plasma by colliding gold nuclei, thus allowing a study of the primordial soup of quarks and gluons thought to make up
the early universe. RHIC is planning a beam luminosity upgrade in the future; a new electron-ion collider is aso being discussed.
The nuclear physics program supports research and facility operations that are directed towards understanding the properties of
nuclel at their limits of stability and of the fundamental properties of nucleons and neutrinos. This research is made possible with
the Argonne Tandem Linac Accelerator System (ATLAS) at Argonne National Laboratory (ANL), the Holifield Radioactive lon
Beam Fecility (HRIBF) a Oak Ridge National Laboratory (ORNL) and the 88-Inch Cyclotron at Lawrence Berkeley Nationa



Laboratory (LBNL), which provide complementary facilities for stable and radioactive beams as well as a variety of species and
energies. In addition, the operations d accelerators for in-house research programs at four universities (Yae University,
Washington University, Texas A&M University, and Triangle Universities Nuclear Laboratory (TUNL) at Duke University) provide
unigue instrumentation with aspecial emphasis on training of students. The nuclear physics program also supports non-acceerator
experiments such as the Sudbury Neutrino Observatory (SNO) facility, constructed by a collaboration of Canadian, English, and
U.S. supported scientists, now taking data on solar neutrino fluxes and providing thefirst results on the “ appearance” of oscillations
of electron neutrinos into another neutrino type. A proposed Rare |sotope Accelerator (RIA) facility is being designed that would
provide away to explore the limits of nuclear existence. By producing and studying highly unstable nuclei that are now formed
only in the stars, scientists could better understand stellar evolution and the origin of the elements.

Our ability to continue making a scientific impact to the general community relies heavily on the availability of cutting edge
technology and advances in detector instrumentation, electronics, software, and accelerator design. The technical topics which
follow describe research and development opportunities in the equipment, techniques, and facilities that are needed to conduct and
advance nuclear physics research at existing and future facilities.

36. NUCLEAR PHYSCS ACCELERATOR
TECHNOLOGY

The Nuclear Physics program of the Department of Energy
(DOE) supports abroad range of activities aimed at research
and development related to the science, engineering, and
technology of heavy-ion, electron, and proton accelerators
and associated systems. Research and development is
encouraged that will advance fundamental accelerator
technology and its applications, which aretailored to nuclear
physics scientific research. Areas of interest include the
basic technologies of the Brookhaven National Laboratory’s
superconducting Relativistic Heavy l1on Collider (RHIC) with
energies up to 100 GeV/amu per beam, technologies
associated with RHIC beam luminosity upgrades and the
development of an electron-ion machine, superconducting
radio frequency (srf) linear accelerators such asthe electron
machine at the Thomas Jefferson Nationa Accelerator
Facility (TINAF), and development of devices and/or
methods that would be useful in the generation of intense
accelerated beams of radioactive isotopes related to the
construction of a Rare Isotope Accelerator (RIA) facility.
Relevance of applications to nuclear physics must be
explicitly described. Grant applications that propose using
the resources of a third party (such as a DOE l|aboratory)
must include, in the application, aletter of certification from
an authorized official of that organization. Grant
applications are sought only in the following subtopics:

a. Materials and Components for Radio Frequency
Devices—Grant applications are sought for research and
development leading to improved or advanced
superconducting and room temperature materials or
components for radio frequency (rf) devicesused in particle
accelerators. Areas of interest include: (1) peripheral

components such as ultra high vacuum seals, terminations,
cryogenic radio frequency windows, and magnetostrictive
cavity tuning mechanisms; (2) termination materiasfor use
at 2to 4 K, compatible with the ultra high vacuum and dust-
free environment, and capable of absorbing microwaves
efficiently from 2 to 90 Ghz; (3) methods to avoid inclusions
in the superconducting material and contamination on the
surface of the superconductor; (4) innovative designs for
hermetically sealed refrigerators and other cryogenic
equipment that simplify procedures and reduce costs
associated with reparability and modification; (5)
development of simple, low-cost mechanical damping
techniques, effective in the 10-300 Hz range a 2 Kelvin, to
reduce both construction and operating costs of facilities
through smaller systems; and (6) designs of ultra-high
vacuum pumps that can significantly reduce the partia
pressure of helium.

Grant applications are also sought for the initial design,
modeling, and development of a new 13 kW continuous
wave klystron power source at 1497 MHz to drive
accelerator superconducting cavities. The klystrons should
be able to operate at a variety of power levels depending on
the parameters of each superconducting cavity and on the
energy delivered to the electron beams. Because each
superconducting cavity may require a different power level
of operation, the klystron should contain a perveance
determining electrode in the klystron gun to limit beam power
dissipation when operating at less than full power. Also,
because the klystrons will be part of an energy feedback
system, they should operate about 10% below their saturated
power levels to allow headroom for control by the feedback
system; this situation requires good stability in the linear gain
region of the klystron. Klystron power efficiency isof major
importance in all these modes of operation. Rermanent
magnet focusing of this new klystron design is desirable, but
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electro-magnet focusing would also be acceptable if better rf
stability and operating efficiency obtains. Efficiencies greater
than 55% are desirable for rf to beam power.

b. Design and Operation of Radio Frequency Beam
Acceleration Systems—Grant applications are sought for
the design, fabrication, and operation of radio frequency
accelerating structures and systems for heavy-ion
accelerators. Areas of interest include: (1) superconducting
and conventional continuous wave structures for the pre
acceleration of radioactive beams, which can operate in the
velocity regime between 0.001 and 0.01 times the velacity of
light, for ions with charge-to-mass ratios between 1/30 and
1/240; (2) superconducting rf accelerating structures
appropriate for RIA drivers that can operate in segments of
the range from approximately 0.1 to 0.8 the vel ocity of light;
(3) the economical fabrication of many-celled rf cavities that
still provide moderate damping of al higher-order modes; (4)
improved techniques for phase stabilization of low velocity
ion acceleration structures; (5) improvementsto accelerating
gradients and quality factor (Q) in cavities for both
continuous wave (cw) and pulsed operation; (6) high duty
factor, high power rf systems for radio frequency
guadrupoles and linacs; and (7) techniques for coupling rf
power into superconducting cavities operating at 2 K.

Grant applications are also sought to develop concepts and
designs to improve the stability and performance of high
efficiency, high brightness, electron linear accelerator
systems. Areas of interest include energy recovery systems
that preserve beam quality by thoroughly treating higher
order modes and beam break-up phenomena, electron cooling
and optical-stochastic cooling for high-energy ion beams
(e.g., RHIC luminosity upgrade) and electron-ion collisions
(e.g. proposed electron collider with RHIC (eRHIC) or
dedicated Electron Light lon Collider a TINAF), and
increasing the threshold of multi-bunch, multi-pass beam
breakup in energy-recovering electron linear accelerators.
Grant applications must address not only beam dynamics but
also the engineering issues of such systems by developing
system and component level engineering requirements
(particularly methods of handling the high power higher order
nodes) and associated conceptua designs.

The dynamic control of the RF systems for high-gradient
superconducting cavities is increasingly complex because
detuning from the high electric fields can exceed the cavity
bandwidth. The controls also must address microphonic
vibrations, either by controlling the cavity frequency using
active elements or by using a smart control algorithm.

Therefore, grant applications are sought for concept
development, system design, and prototype component

development for the control of microphonic vibrations.

Lastly, power requirements could be significantly reduced if
the 5 kW, 1500 MHz cw Klystrons, currently available for
use at nuclear physics accelerator facilities, could be replaced
by alternative technology. Grant applications are therefore
sought for the design and development of high power solid
state devices or other techniques, which would allow for
significant reductions in accelerator power usage. The gain
should exceed 30 dB and devices should exhibit long life,
cost effectiveness, reliability, and high electrical efficiency.

c. Particle Beam Sources and Techniques—Grant
applications are sought to develop: (1) particle beam ion
sources with improved intensity, emittance, and range of
species (areas of interest include high-charge-state sources
for heavy ions, sources for negative and light ions, and
polarized sources for hydrogen ions and electrons); (2) ion
sources for radioactive beams (emphasizing high efficiency,
high-charge-state ions, high temperature operation for
coupling to high temperature production targets, and element
selectivity; e.g., through the use of laser ionization); (3) high
brightness electron beam sources utilizing continuous wave
superconducting rf cavities with integral photocathodes
operating at high acceleration gradients; (4) high brightness
electron beam sources utilizing continuous wave normal-
conducting rf cavities with interchangeable photocathodes
operating at high accel eration gradients; (5) power suppliesto
drive these sources; (6) techniques for secondary
radioactive beam collection, charge equilibration, and cooling;
(7) methods to increase the charge state of ion beams (e.g.,
by the use of special el ectron-cyclotron-resonanceionizersor
specia stripping techniques); (8) high quantum efficiency,
long life photocathodes for use with the high brightness
electron sources; and (9) methods to improve high voltage
stand-off and reduce field emission from high voltage
electrodesin the presence of work function lowering material
(i.e, cesium) in order to enhance the performance of
photoemission electron sources.

Grant applications are also sought to devel op target materials
for radioactive beam production. These targets must be
capable of use with beams of protons, neutrons, or heavy
ions; and with beam power of 10-100 kW. Also, thetargets
must be configured for rapid release of isotopes and permit
close coupling to an ion source to generate high intensity
radioactive beams.

d. Accelerator Control and Diagnostics—Grant
applications are sought for: (1) “intelligent” software and
hardware to facilitate the improved control and optimization
of charged particle accelerators and associated components



for nuclear physics research (developmentsthat offer generic
solutions to problems in the initia choice of operation
parameters and the optimization of selected beam parameters
with automatic tuning are especialy encouraged); (2)
advanced beam diagnostics concepts and devices that
provide high speed computer-compatible measurement and
monitoring of particle beam intensity, position, emittance,
polarization, luminosity, momentum profile, time of arrival,
energy, and helicity-correlated effects (including such
advanced methods as neural networks or expert systemsand
techniques that are nondestructive to the beams being
monitored) — these diagnostics should be able to handle the
full range of beam power needed, from watts to megawatts,
(3) beam diagnostic devices with increased sensitivities
through the use of superconducting components, such as
filters based on high T, superconducting technology or
Superconducting Quantum Interference Devices; (4)
measurements of direct current, charged particle, average
beam aurrents in the range 0.1 to 100 pA with very high
precision (<10“); (5) low current beam diagnostics for
radioactive ion beams (for exotic nuclel that will only be
available as beams with intensities less than 10" nuclei/second
(with such low beam intensities, it is very difficult to use
standard beam diagnostic methods); and (6) high current,
non-destructive beam diagnostics for high current electron
beams, usable with 100 mA class electron beams such as
may be available in energy recovery dectron linacs used for
electron cooling of ion beams or for electron-ion colliders.
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37. NUCLEAR PHYSICSDETECTORS,
INSTRUMENTATION, AND
TECHNIQUES

The Department of Energy (DOE) isinterested in supporting
projects that may lead to advances in target and detection
systemsfor nuclear physics experiments. Opportunities exist
for devel oping equipment beyond the present state-of -the-art
and outside the usual scope of research and development
activities at the nuclear physics national accelerator facilities
and university programs. In addition, a new suite of next-
generation detectors will be needed for the proposed Rare
Isotope Accelerator, the energy upgrade at TINAF, the
luminosity upgrade at RHIC, and the electron-ion accelerator.
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All grant applications must explicitly show relevance to the
nuclear physics program. Grant applications are sought
only in the following subtopics:

a. Advances in Detector Technology—Nuclear physics
research has a need for devices for detecting, analyzing or
tracking charged particles, neutrons, photons, and single
atoms. These devices include; solid-state devices such as
highly segmented coaxia and planar germanium detectors,
silicon strip and silicon drift detectors; photosensitive devices
such as avalanche photodiodes, hybrid photomultiplier
devices, single and multi anode photomultiplier tubes, and
other novel photon detectors, detectors utilizing
photocathodes for Cherenkov and UV light detection, and the
development of new types of large area photoemissive
materials such as solid, liquid, or gas photocathodes; micro-
channd plates; gas-filled detectors such as proportiona, drift,
streamer, Cherenkov, micro-strip, gas eectron multiplier
detectors, resistive plate chambers, and straw drift tube
chambers; liquid argon and xenon ionization chambers;
sngle-atom detectors using laser techniques and
electromagnetic traps;, particle polarization detectors;
bolometers which can detect particles with high resolution;
and electromagnetic and hadronic calorimeters.  Grant
applications are sought to devel op advancements in detector
technology for al of the above mentioned detectors.

With respect to solid state tracking devices, particularly
segmented germanium and silicon drift, strip, and pixel
detectors, grant applications are sought for: (1)
manufacturing  techniques, including interconnection
technologies, for high granularity, high resolution, light-
weight, and radiation-hard solid state devices; (2) highly
arrayed solid state detectors for neutron detection, with
integrated electronics to read-out pulse height. (for example,
silicon strip or pixel arrays with integrated electronics and
coating could be developed so that an aphaparticle is
produced when hit with a therma or cold neutron — the
apha-particle would recoail into the silicon for measurement
resulting in an inexpensive, large acceptance, high rate
device); (3) thicker (more than 1.5 mm) segmented silicon
charged particle and x-ray detectors and associated high
density, high resolution electronics; and (4) cost-effective
production of n-type and p-type silicon drift chambers with
active areas greater than 16 cnv.

With respect to position sensitive charged particle and photon
tracking devices, grant applications are sought to develop:
(1) highly efficient, position sensitive, high resolution,
germanium gammarray detectors utilizing efficient pulse
shape analysis schemes (capable of determining the exact
position to within a few millimeters as well as the energy of



individual interactions of gamma-rays with energies up to
several MeV in germanium detectors, hence alowing for the
reconstruction of the energy and path of individual gamma-
rays using tracking techniques); (2) hardware and software
needed for digital signa processing in general, and for
gamma-ray tracking in particular; (3) aternative materials,
with the same or comparable resolution as germanium, but
with significantly higher efficiency and relatively higher
temperature gperation (in order to overcome the costly and
bulky requirement to cool germanium detectors to liquid
nitrogen temperatures — this would allow for new detector
applications in nuclear physics, medical imaging, etc.); (4)
new contact technologies for germanium detectors,
specifically to remove lithium contacts, which would allow
enhanced segmentation and stability; (5) advances in more
conventional charged particle tracking detector systems,
such as drift chambers, pad chambers, time expansion
chambers, and time proportional chambers (areas of interest
include improved gases or gas additives — that resist aging,
improve detector resolution, decrease flammability, and offer
larger/more uniform drift velocity — for these chambers, and
the devel opment of innovative trackersfor RHIC and CEBAF
physics such as afiber optic tracking devices).

With respect to particle identification detectors, grant
applications are sought for: (1) inexpensive, large-area, high-
guality Cherenkov materials, (2) inexpensive, position
sensitive large-sized photon detection devices for Cherenkov
counters; (3) affordable methods for the large volume
production of xenon and krypton gas (which would
contribute to the devel opment of transition radiation detectors
and would also have many applications in X-ray detectors);
and (4) very high resolution particle detectors or bolometers
based on semiconductor materials and cryogenic techniques.
Of particular interest are detector technologies capable of
measuring energies of alpha particles and protons with less
than 5 keV resolution. This would alow spectroscopy
experiments using light charged particles to be performed in
the same way as gamma spectroscopy, enabling a deeper
understanding of nuclear excitations not currently possible
with gamma-ray spectroscopy.

b. Scintillators and Associated Materials—Grant
applications are sought to develop new materials or
advancementsfor: (1) scintillator materialsfor high resolution
X-ray detectors (CdZeTe, Hgl,, AlSh, etc); (2) plastic
scintillators, fibers, and wavelength shifters; (3) cryogenic
liquid scintillation gammaray detectors (LXe); (4) Cherenkov
radiator materials with indices of refraction up to 1.10 or
greater with good optical transparency; and (5) stable
caorimeter materials in single block lengths (up to 20
radiation lengths) which could be produced in large quantities
and at low cost; and (6) composite materials with high

radiation resistance.

Grant applications are also sought for new scintillation
materialsfor usein large intermediate-energy photon detector
arrays, such as CsF arrays. These materials must exhibit a
light output comparable or greater than bismuth germinate,
have a fast decay time (from less than one nanosecond to a
few tens of nanoseconds) with no slow component, be
useful for high rate and/or time of flight applications, have
their density and mean nuclear charge be such that the
radiation length is less than 2 c¢cm, and be capable of
fabrication in large pieces (up to 20 radiation lengths) at
reasonable costs.

¢. Nuclear Targets—Grant applications are sought for the
development of special nuclear targets, which specifically
and explicitly address nuclear physicsresearch needs. These
specia targetsinclude: polarized (with nuclear spins aligned)
high-density gas or solid targets; frozen-gas targets; active
targets; windowless gas targets and supersonic jet targets,
for use with very low energy charged particle beams; and
liquid, gaseous, and solid targets capable of high power
dissipation when high intensity, low emittance charged
particle beams are used. Development of high-power targets
with fast release capabilities for the production of rare
isotopes is encouraged. There is also interest in new
technology for the production of ultra-thin filmsfor targets,
strippers, and detector windows.
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NUCLEAR PHYSCS ELECTRONICS
DESIGN AND FABRICATION

The DOE seeks developments in detector instrumentation
electronics with improved energy, position, and timing
resolution; sensitivity; rate capability; stability; dynamic
range; durability; and background suppression. Of particular
interest is innovative readout electronics for use with the
nuclear physics detectors described in Topic 37. All grant
applications must explicitly show relevance to the nuclear
physics program. Grant applications are sought only in
the following subtopics:



a. Advances in Digital Electronics—Digitd signd
processing electronics is needed to replace analog signal
processing in nuclear physics applications. Grant
applications are sought to develop: (1) digital processorsthat
include the features of current main amplifiers, such as pile-
up rejection and ballistic deficit correction; (2) digital pulse
processing electronics for solid state detectors, in particular
for position sensitive detectors; and (3) fast digital processing
electronics in order to determine the position of interaction
points (of particle collisions) to an accuracy smaller than the
size of the detector segments (note that it will beimportant to
analyze the pulse shape of the preamplifier pulses).

b. Integrated Circuits—Grant applications are sought for
special purpose, custom designed integrated circuits and for
circuits and systems for rapidly processing data from highly
segmented, position-sensitive germanium detectors (pixel
sizes of approximately 1 cn¥) and from particle detectors
(e.g., gas detectors, scintillation counters, silicon drift
chambers, silicon strip detectors, particle calorimeters, and
Cherenkov counters) used in nuclear physics experiments.
Areas of specific interest include (1) representative circuits
such as low noise preamplifiers, amplifiers, analog storage
devices, anaog-to-digital and time-to-digital converters,
transient digitizers, and time-to-amplitude converters; (2)
readout electronics for solid-state pixilated detectors,
including interconnection technol ogies and amplifier/sample-
and-hold integrated circuits; and (3) a constant fraction
discriminator that has uniform response for low and high
energy gammarrays, as well as a discriminator that can
separate neutrons and gammarays. These circuits should be
fast, low-cost, high-density, and configurablein software for
thresholds, gains, etc. Compatibility with one of the widely
used moduleinterconnection standards (FASTBUS, VMEbus,
etc.) aso would be highly desirable, as would low power
consumption, advanced packaging, adaptability to a large
number of multiple channels, and commercia digitizing
circuits (ICs, ADCs, FADCs, and TDCs) made available as
multi-channel chips (4X, 8X, 16X...).

In addition, planned luminosity upgrades at RHIC and
experiments at the Large Hadron Collider will require fine-
grained vertex and tracking detectors (both silicon and gas)
for high particle multiplicity environments. Therefore, grant
applications are sought for advances in microel ectronics that
are specificaly designed for low noise amplification and
processing of detector signals, and that are suitable for these
next generation detectors. The microelectronics and
associated interconnections will need to be lightweight and
have low power dissipation. Designs that minimize higher
gate leakage currents due to tunneling and maintain dynamic
range would be of particular interest.

c. Advanced Devices and Systems—Grant applicationsare
sought for improved or advanced devices and systems used
in conjunction with the electronic circuits and systems
described in subtopicsaand b. Areas of interest include bus
systems, datalinks, event handlers, multiple processors, and
fast buffered time and andlog digitizers. Generalized
software and hardware packages, with improved graphic and
visualization capabilities, for the acquisition and analysis of
nuclear physics research data are also of interest.

d. Manufacturing and Assembly Techniques—Grant
applications are sought to develop: (1) manufacturing
techniques for large, thin, multiple-layer printed circuit
boards (PCBs) with plated-through holes with dimensions
from 2m x 2m to 5m x 5m and 100-200 micron thick (these
PCBswould have use in cathode pad chambers, cathode strip
chambers, time projection chamber cathode boards, etc); (2)
techniques to add plated-through holes in a reliable, robust
way to large rolls of metalized mylar or kapton (with
application to such detectors as time expansion chambers or
large cathode strip chambers); and (3) miniaturization
techniques for connectors and cables with 5 times to 10
times the density of standard interdensity connectors.

Lastly, many next generation detectors will have highly
segmented electrode geometries with 55000 channels per
square centimeter, covering areas up to several square
meters. Because conventional packaging and assembly
technology cannot be used at these high densities, grant
applications are sought for: (1) advanced interconnect
technologies that address the issues of high density, area
array connections including modularity, reiability,
repair/rework, and electrical parasites; (2) technology for
aggregating and transporting the signals (analog and digital)
generated by the front-end electronics, and for distributing
and conditioning power and common signals (clock, reset,
etc.); (3) advanced high-bandwidth data links for detectors
that generate extremely high data volumes (e.g. >500Gb/s);
and (4) new low-cost methods for efficient cooling of on-
detector electronics.
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42(4, pt.1): 921-924, August 1995. (ISSN: 0018-9499)

PHENI X Conceptual Design Report An Experiment to be
Performed at the Brookhaven National Laboratory
Relativistic Heavy lon Collider, Brookhaven Nationa
Laboratory, January 29, 1993. (Report No. BNL-48922)
(NTIS Order No. DE93015759)*

Proceedings of the International Symposium on Solid
State Detectors for the 21st Century, Osaka, Japan,
December 46, Nuclear Instruments and Methods in
Physics Research, Section A 436(1-2), October 21,
1999. (ISSN: 0168-9002)**

Makdisi, Y. and Stevens, A. J., Proceedings of the
Symposium on Rdativistic Heavy lon Collider Detector
R& D, Upton, NY, October 10-11, 1991, Brookhaven
National Laboratory, 1991. (Report No. BNL-52321)
(NTIS Order No. DE93010855/HDM )*

Lee, LY., ed., Proceedings of the Workshop on the
Experimental Equipment for an Advanced 1SOL
Facility, Berkeley, CA, July 22-25, 1998, Lawrence
Berkeley National Laboratory (LBNL), August 15, 1998.
(Report No. LBNL-42138) (OSTI Document No.
DEO0760328) (Available via interlibrary loan only.
Cannot be loaned to individuals. Contact LBNL Library
at: Library@Ibl.gov) (1999 summary of proceedings,
including recommendations, available on the Web at:
http://www.osti.gov/servlets/purl/760328-
zVQiiK/webviewabl /)

Simpson, M. L., e a., “An Integrated, CMOS,
Constant-Fraction Timing Discriminator for Multichannel
Detector Systems,” |EEE Transactions on Nuclear
Science, 42(4, pt. 1): 762-766, August 1995. (ISSN:
0018-9499)

Thomas, S. L., et d., “A Modular Amplifier System for
the Readout of Silicon Strip Detectors,” Nuclear
Instruments and Methods in Physics Research, Section A,
288(1): 212-218, March 1, 1990. (ISSN: 0168-9002)**
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Available from National Technical Information Service
(NTIS). Telephone: 1-800-553-6847. Web site:
http://www.ntis.gov/ (Please note: Itemsthat appear to
be unavailable via the Web site might be obtained by
phoning NTIS. See Solicitation Information and

Guidelines, section 7.1.)
**  Available from ScienceDirect at:
http://www.sciencedirect.com/science/publications/

journal/physics.

39. NUCLEAR PHYSICS SOFTWARE AND
DATA MANAGEMENT

Large scale data storage and processing systems are needed
to store, retrieve, and process data from experiments
conducted at large facilities, such as Brookhaven National
Laboratory’ s Relativistic Heavy lon Collider and the Thomas
Jefferson National Accelerator Facility.  These data,
produced at rates of 100 MB/sec or more, result in the annual
production of data sets on the order of several hundred
Terabytes (TB). Similar data management systems are
required to support the needs for non-accelerator nuclear
physics experiments. Theinvestigation and intelligent storage
of these large amounts of data represents the largest
computational challenge in experimental nuclear physics.
Grant applications are sought only in the following
subtopics:

a. Data Handling and Distribution—Large scale data
storage and access, as well as processing and distribution
systems are required for the scientific programs being carried
out at Nuclear Physics facilities across the nation. These
facilities produce 100s of TB of data per year. Many 10s of
TB of data per year are distributed to many institutions
around the U.S. and other countries for analysis by the
scientific collaborators. Grant applications are sought for (1)
hardware and software techniques to improve the
effectiveness and reduce the costs of handling such large
data volumes, (2) hardware and software techniques to
improve the effectiveness of the computational and datagrids
(see reference [3] for these uses); and (3) novel approaches
to data mining, automatic structuring of dataand information,
and facilitated information retrieval — in particular, methods
for improving the storage and retrieval of data from array-
type detector systems (like the Gammasphere), which
consist of alarge number of nearly identical detectors.

Projections of the cost of data storage media show that
magnetic disk mediawill soon be competitive with magnetic
tape for storing large volumes of data. However, because
most of the data in nuclear physics datasets is accessed
infrequently, the infrastructure costs of operating a petabyte
disk storage system could be prohibitive compared to
magnetic tape systems that keep all disk drives powered and
spinning. Therefore, grant applications are sought for new
techniques leading to petabyte-scale magnetic disk systems,



with low cost and low power usage, that scale linearly with
the amount of data accessed rather than with the total storage

capacity.

b. Novel and Improved Methods for Using Scientific
Databases—In general, data produced by nuclear physics
experiments consist of two types, event data and auxiliary
data. Although auxiliary data (which describe the state of the
detector, accelerator, and other environmental aspects) are
usually stored in databases, this has not been traditionally
been the case for event data. However, over the last decade,
there has been interest in using databases to store all, or at
least selected parts, of the event data in databases.
Therefore, grant applications are sought for: (1) novel
methods for using databases to store and access all aspects
of nuclear experimental data; (2) software that would make
nuclear physics databases easier to use; and (3) methods for
using databases that would allow nuclear physics data to be
available to a wider audience, i.e., beyond the researchers
that initially obtained the data.

c. Distributed Collaborative Infrastructure—Over the
last couple of decades the typical experimental nuclear
physics collaboration has grown from ahandful of physicists
to hundreds of physicists and engineers. Many collaborators
are not permanently stationed at the location where the
experiment is taking place, and therefore it is often difficult
for them to fully contribute to the experiment and the analysis
of the experimenta results. Also, the shear size of the
collaboration makes it difficult, even for collaborators at the
experimental site, to effectively interact and disseminate
information. The World Wide Web (WWW) was initialy
created to address these issues, but today the problem has
grown to a magnitude, where just using the WWW is not
enough. Therefore, grant applications are sought for: (1)
client-server frameworks and Web tools for creating
collaborative  environments, facilitating the remote

participation of detector experts at the data collection stage,
and allowing collaborators to remotely monitor experiments,
while still preserving the highest degree of safety and
security; (2) computer system components and supporting
software incorporating the use of Quality-of-Service features
generaly available in wide area networks; (3) software to
support data systems distributed over a wide area network;
and (4) framework, interconnects, and other peripherals to
allow the use and orderly aggregation of commodity
computers and computer peripherals at larger than normal
scales, or at higher performance levels than usual.

Refer ences:

1. Firestone, R. B., “Nuclear Structure and Decay Datain
the Electronic Age,” Journal of Radioanalytical and
Nuclear Chemistry, 243(1): 77-86, January, 2000.
(ISSN: 0236-5731).

2. Foster, |. and Kesselman, C., The Grid: Blueprint for a
New Computing Infrastructure, Morgan Kaufmann
Publishers, 1998. (ISBN 1558604758)

3. Maurer, S. M., et al., “Science’s Neglected Legacy,”
Nature, 405(6783): 117-120, May 11, 2000. (ISSN:
0028-0836)

4. Off-Line Computing for RHIC, Brookhaven Nationa
Laboratory, July 20, 1997. (Available on the Web at:
http://www.rarf.riken.go.jp/rarf/rhic/rhic-cc-j/. To
view, select ps or pdf to right of title.)

5. Proceedings of the International Conference on
Computing in High Energy Physics, Berlin, Germany,
April 7-11, 1997. (Proceedings available on Web at
http://www.ifh.de/CHEP97/chep97.htm)

PROGRAM AREA OVERVIEW
ADVANCED SCIENTIFIC COMPUTING RESEARCH

http://www.sc.doe.gov/production/octr/index.html

The Office of Advanced Scientific Computing Research (ASCR) supports research in computational technology and subprograms

that underlie a variety of Department of Energy missions.

ASCR's primary mission, carried out by the Mathematical, Information, and Computational Sciences subprogram, isto discover,
develop, and deploy the computational and networking tools that enable researchers in the scientific disciplines to analyze, model,
simulate, and predict complex phenomenaimportant to the Department of Energy. To accomplish this mission the program fosters
and supports fundamental research in advanced scientific computing - applied mathematics, computer science, and networking -
and operates supercomputer, networking, and related facilities. The applied mathematics research efforts provide the fundamental
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mathematical methods to model complex physical and biological systems. The computer science research efforts enable scientists
to efficiently run these models on the highest performance computers available and to store, manage, analyze, and visuaize the
massive amounts of data that result. The networking research provides the techniques to link the data producers; e.g.,

supercomputers and large experimental facilities with scientists who need access to the data. The two topics that follow support

this scientific computing mission.

40.HIGH PERFORMANCE NETWORKS

Emerging science experiments in the DOE are expected to
generate severa petabytes of data, which will be transferred
to geographically distributed terascale computing facilitiesfor
analysis and visualization by thousands of scientists across
the world. In addition, many emerging energy research
problems require coordinated access to distributed resources
— people, data, computers, and facilities. Unlike today’s
Internet that is optimized for |ow-speed web applications, this
new emerging distributed terascale scientific computing
environment calls for ultra-high-speed networks— networks
that can deliver terabits/sec throughput to science
applications. This topic is focused on the development of
ultra-high-speed transport protocols and network interfaces
to support terabits networks and on technology to support
coordinated resource sharing across those networks. Grant
applications must address scalability issues associated with
proposed approaches by demonstrating how the resulting
system will be operated from OC-48 to OC-192 (Optica
Carrier levels 48 to 192). Grant applications are sought
only in the following subtopics:

a. Ultra High-Speed Transport Protocols—Grant
applications are sought to develop radical new approachesto
transport protocols — TCP (Transmission Control Protocol)
and UDP (User Datagram Protocol) — to be used in overlay
optical networks. Such transport protocols, preferably all-
optical, must be capable of ddivering and sustaining multi-
Gigabits/sec throughput to high-end scientific applications—
in particular, high-speed data transfer applications.

b. Smart High-Speed Network Interface Cards—Grant
applications are sought to develop intelligent, high-speed
Network Interface Cards (NICs) to perform transport
protocol off-loading at ultrahigh-speed for emerging
network technologies such as 10 GigE (Gigabit Ethernet) and
dl-optical lambda networks. Adapters using this technique
would improve host processor efficiency, increase data
throughput, and reduce latency. The emergence of fast,
cheap, embedded processors present an opportunity for
inexpensive processing to occur on the network interface.

c. High-Speed Intrusion Detection Systems—Grant
applications are sought to develop high-speed, real-time
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intrusion detection systems capable of handling OC-48 and
OC-192 traffic. These new intrusion detection systems
should be automated with Artificial Intelligence (Al)
techniques such asfuzzy logic, neural networks, and genetic
algorithms to perform computer-assisted intrusion detection
and corrective actions.

Refer ences:

1. ESnet: The Energy Sciences Network, U.S. DOE, Office
of Science, http://www.es.net

2. Feng, W. and Tinnakornsrisuphap, P., “The Failure of
TCP in High-Performance Computational Grids,” SC
2000: High-Performance Networking and Computing
Conference, November 2000. (URL:
http://public.lanl.gov/radiant/website/pubs/traffic/sc00.pdf

3. Fisk, M. and Feng, W., “Dynamic Right-Sizing: TCP
Flow-Control Adaptation,” poster at the 14th Annual
ACM/IEEE SC2001 Conference, November 2001.
(URL: http://public.lanl.gov/mfisk/papers/drs-sc01-

poster.pdf)

4. Floyd, S., HighSpeed TCP for Large Congestion
Windows, Internet Engineering Task Force (IETF) Draft,
August 2002. (URL.:
http://www.ietf.orag/internet-drafts/draft-fl oyd-tcp-
highspeed-01.ixt

5. IEEE P802.3ae 10Gb/s Ethernet Task Force
Institute of Electrical and Electronics Engineers, Inc.,
March 2002
http://grouper.ieee.ora/groups/802/3/ae/public/index.html

6. |IETF RFC2823: PPP Over Smple Data Link (SDL)
Using SONET/SDH with ATM-Like Framing, Internet
Society, May 2000
http://www.fags.org/rfcs/rfc2823.html

7. National Coordination Office for Information
Technology R&D, http://www.itrd.gov

8. Net100, http://www.net100.org

9. The WEBL100 Project, http://www.web100.0rg




10. Tinnakornsrisuphap, P., et a., “On the Burstiness of the
TCP Congestion-Control Mechanism in a Distributed
Computing System,” 20th International Conference on
Distributed Computing Systems (ICDCS00), April 2000.

(URL:

http://public.lanl .gov/radiant/website/pubs/traffic/icdcs00

-tcp.pdf
11. Office of Science, U.S. Department of Energy
http://www.science.doe.gov

41. SCALABLE MIDDLEWARE AND GRID
TECHNOLOGIES

Advances in high performance network capabilities and
collaboration technologies are making it easier for large
geographically dispersed teams to collaborate effectively.
Thisisespecially important for research teamsthat use major
computational resources, data resources, and experimental
facilities supported by DOE. The importance of
collaboratories is expected to increase in the future.
However, significant research questions must be addressed if
collaboratories are to achieve their potential, namely, by
providing: (1) remote access to facilities that produce
petabytes/year; (2) remote users an with an experience that
approaches "being there;" (3) remote visuaization of terabyte
to petabyte data sets from computational simulation; and (4)
effective remote access to advanced scientific computers.
Research and software tool development are needed to
support coordinated and dynamic resource sharing in areas
such as resource discovery, resource access, authentication,
authorization, accounting, etc. inthe areaslisted below. Any
tools or services developed should beinteroperable according
to emerging standards from the Global Grid Forum. Grant
applications ar e sought only in the following subtopics:

a. Scalable Middlewar e Technologies—Grant applications
are sought to develop scalable middleware technologies that
will (1) enable universal, ubiquitous, easy access to remote
computing resources and scientific instruments; (2) facilitate
collaboration among distributed science teams; and (3) enable
anew generation of distributed high-end applications. Areas
of interest include, but are not limited to, secure directory
services, scalable authentication/authorization services,
deployable LAN and WAN QoS services, data streaming
management, multicast and efficient broadcast capabilities,

automatic resource discovery protocols, remote data access
services, and network-attached memory and storage
systems.

b. Scalable Grid Technologies—Grant applications are
sought to develop scalable grid technologies to support the
emerging distributed computing network that provides
dependable, consistent, pervasive, scaleable, and efficient
access to various resources integrated into a distributed
infrastructure that can be accessed wherever and whenever
by DOE scientists. These resources include visuaization
systems, computer systems, data storage and archive
systems, and scientific instruments. Areas of interest
include, but are not limited to, collaborative visualization
systems, collaborative problem solving services, application
level fast data transfer toolkits, real-time anaysis, group
collaboration, co-scheduling distributed resources, grid
accounting and hilling mechanisms, data management tools,
science portals, on-lineinstrumentation, and fast data transfer
management services.

Refer ences:

1. DOE <ence Grid, U.S. DOE Office of Science
http://doesciencegrid.org/

2. Foster, I. and Kasselman, C., eds., The Grid: Blueprint
for a New Computing Infrastructure, San Francisco, CA:
Morrgan Kaufmann Publishers, 1999. (ISBN: 1-55860-
475-8)

3. Global Grid Forum (GFF)
http://www.global gridforum.com/

4. Globus Project: Related Papers
http://www.globus.org/research/papers.html

5. Particle Physics Data Grid, U.S. DOE Office of
Science, http://www.ppdg.net

6. <DAC (Scientific Discovery through Advanced
Computing), U.S. DOE Office of Science
http://www.scidac.org

7. US. Department of Energy, Office of Science
http://www.science.doe.gov/

PROGRAM AREA OVERVIEW
HIGH ENERGY PHYSICS
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http://www.er.doe.gov/henp/index.htm

Through fundamental research, scientists have found that all physical matter is composed of apparently point-like particles, called
leptons and quarks. These constituents of matter were created following the "big-bang" which originated our universe and they are
components of every object that exists today. We also understand a great deal about the four basic forces of nature which we
experience: el ectromagnetism, the strong-nuclear force, the weak force, and gravity. For example, in the past we have learned that
the electromagnetic and weak forces are two components of asingleforce, called the electro-weak force. Thisis analogousto the
conceptual unification in the mid-nineteenth century of the electric and magnetic forces into the theory of electromagnetism.
History showsthat, over aperiod of many years, the understanding of electromagnetism hasled to many practical applicationsthat
form the technical basis of modern society.

The goal of the Department's High Energy Physics (HEP) program, isto provide mankind with new insights into the fundamental
nature of energy and matter and the f orces that control them. This program isamajor component of the Department's fundamental
research mission. Such fundamental research provides the necessary foundation that enables the nation to progressin its science
and technology capabilities, to advance itsindustrial competitiveness, and to discover new and innovative approaches to our energy
future.

Experimental research in HEP is primarily performed by university scientists using particle acceleratorslocated at major laboratories
in the U.S. and abroad. Under the HEP program, the Department operates the Fermi National Accelerator Laboratory (Fermilab)
near Chicago, IL and the Stanford Linear Accelerator Center (SLAC) near San Francisco, CA. Further, the Department has a
significant role in the Large Hadron Collider project at the CERN laboratory in Switzerland. The Tevatron at Fermilab is currently
the world's highest energy accelerator. SLAC also provides unique experimental capabilities.

While much progress has been made during the past three decades in our understanding of particle physics, future progress
depends on the availability of new state-of-the-art technology for accelerators, colliders, and detectors operating at the high energy
and/or high intensity frontiers.

Within High Energy Physics, the High Energy Technology subprogram supports the research and development required to extend
relevant areas of technology in order to support the operations of highly speciaized accelerators, colliding beam facilities, and
detector facilities which are essential to the goals of the overall High Energy Physics program. The Department of Energy SBIR
program provides afocused opportunity and mechanism for small businesses to contribute new ideas and new technol ogiesto the
pool of knowledge and technical capabilities required for continued progress in high energy physics research, and to turn these
novel ideas and technologies into new business ventures. The technical topics that follow include four accel erator-related topics
and two detector-related topics.

42. HIGH ENERGY PHYSICS DATA
ACQUISITION AND PROCESSING

The Department of Energy supports the development of
advanced el ectronics and computational technologiesfor the
recording, processing, storage, distribution, and analysis of
experimental datathat isessential to experiments and particle
accelerators used for high energy physicsresearch. Areas of
present interest include event triggering, data acquisition,
scalable clustered computers systems, distributed
collaborative infrastructure, distributed data management and
analysis frameworks, and distributed software development
useful to high energy physics experiments and particle
accelerators. Grant applications must clearly and specifically
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indicate their relevance to present or future high energy
physics programmatic activities.

Although particle physics detector instrumentation, data
processing and analysis, and software development typicaly
occur in large collaborative efforts at national particle
accelerator centers, there areefforts where small businesses
can make innovative and creative contributionsto the further
development of the required advanced technologies.
Applicants are encouraged to collaborate with active high
energy elementary particle physicists at universities or
national laboratories to establish mutually beneficial goals.
On-linedirectoriesof appropriate researchers are available
by ingtitution



a  http://www.hep.net/sites/directories.html. Grant
applications which propose using the resources of a third
party (such as a DOE laboratory) must include, in the
application, aletter of certification from an authorized official
of that organization. Grant applicationsaresought only in
the following subtopics:

a. High-Speed Electronic Instrumentation—Grant
applications are sought to develop components, electronics,
systems, and instrumentation modules as follows:

(1) Specia purpose chips and devices are sought for use in
the internal circuitry employed in large particle detectors.
Desirable features include low noise, low power
consumption, high packing density, radiation resistance, very
high response speed, and/or high adaptability to situations
requiring multiple parallel channels. Desirable functions
include amplifiers, counters, analog pulse storage devices,
decoders, encoders, analog-to-digital converters, controllers,
and communications interface devices.

(2) Circuits and systems are sought for rapidly processing
data from particle detectors such as proportional wire
chambers, scintillation counters, silicon microstrip detectors,
particle calorimeters, and Cerenkov counters. Representative
processing functions and circuits include low noise pulse
amplifiers and preamplifiers, high speed counters (>300
MHz), and time-to-amplitude converters. Compatibility with
one of the widely used module interconnection standards
(e.g., FASTBUS, or VMEDbus) is highly desirable, as would
be low power consumption, high component density, and/or
adaptability to large numbers of multiple channels.

(3) Advanced, high speed logic arrays and microprocessor
systems are sought for fast event identification, event trigger
generation, and data processing with very high throughput
capability. Such systems should be compatible with or
implemented in one of the widely used module
interconnection standards (e.g., FASTBUS, or VMEbus).

(4) Much of the electronics instrumentation in use in high
energy physicsis packaged in one of the international module
inter-connection standards (e.g., FASTBUS, or VMEDbus).
Therefore, grant applications are sought for modul esthat will
provide capabilities not previously available, for substantial
performance enhancement to existing types of modules, and
for components, devices, or systems that will enhance or
significantly extend the capability or functionality of one of
the standard systems. Examples include large and/or fast
buffer memories, single module computer systems (either
general purpose or special purpose), display modules,
interconnection systems, communication modules and

systems, and disk-drive interface modules.

b. Large Scale Analysis Computer Systems—Grant
applications are sought to develop: (1) computer system
components and supporting software enabling large scdeand
open use of storage networks, especially for magnetic disks,
optical disks, and magnetic tapes;, (2) computer system
components and supporting software enabling the use of
TCP/IP protocolsin amore efficient manner over aloca area
network; (3) computer software or systems for monitoring
and operating heterogeneous computer systems and
networks for functionality, performance, and manageability
criteria (also, ease of software installation on hundreds of
computers would be desired); (4) methods for integrating
distributed authority and access control into distributed data
systems; and/or (5) improvements to the quality, reliability
and cost effectiveness of petabyte storage systems.
Proposed efforts must addressidentified computing problems
related to diverse, large scale computing systems that support
particle physics analysis.

C. Distributed Collaborative Infrastructure and
Distributed Data Management and Analysis
Framewor ks—Advanced computational toolsand software
are needed to strengthen the ability of dispersed particle
physics researchers to collaborate and to address problems
related to the acquisition, handling, storage, analysis, and
visuadlization of large datasets by these distributed
collaborations. Grant applications are sought to develop:
(1) client-server frameworks and Web tools for creating
collaborative environments, facilitating remote participation of
detector experts at the data collection stage and allowing
collaborators to remotely monitor experiments; (2) software
project management tools; (3) computer system components
and supporting software incorporating the use of Quality of
Service features generally available in wide area networks;
(4) portable systems to hold very large collections of data of
the type created in connection with the operation of very
large detectors, along with data management tools; (5)
visudization and software environments appropriate for
physics analysis;, (6) software to support data systems
distributed over a wide area network; (7) framework,
interconnects, and other peripherals which allow the use and
orderly aggregation of commaodity computers and computer
peripherals at larger than norma scales, or at higher
performance levels than usual; and/or (8) software
development tools for the production of computer software
to meet identified problems related to distributed, large scale
software development, configuration management, and data
analysis. For (8), approaches of interest include distributed
portable testing and Computer Aided Software Engineering
(CASE), including configuration management tools for a
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portable, distributed environment; (9) Web tools for remote
data selection ("skimming"); and (10) neura nets for
optimization of data cuts and pattern recognition.

Refer ences:

1. 1991 Nuclear Science Symposium and Medical Imaging
Conference, Santa Fe, New Mexico, November 2-9,
1991, IEEE Transactions on Nuclear Science, 39(4):
486-1179, August 1992. (ISSN: 0018-9499)

2. Abashian, A., ed., Particles and Fields--1983,
Blacksburg, VA, September 15, 1983, New York:
American Institute of Physics, 1984. (AlP Conference
Proceedings No. 112) (DOE Report No. CONF-
8309196) (NTIS Order No. T184008600)*

3. ATLASCoallaboration, ATLAS Technical Proposal for a
General-Purpose pp Experiment at the Large Hadron
Collider at CERN, Geneva, Switzerland: CERN -
European Laboratory for Particle Physics, December
1994. (Document No. CERN/LHCC/94-43) (Contact
Scientific Information Service, CERN, CH-1211 Geneva
23 Switzerland. URL: http://library.cern.ch/index.html)

4. ATLASDAQ, EF, LVL2 and DCS Technical Progress
Report and Workplan
CERN--European Laboratory for Particle Physics
http://atlasinfo.cern.ch/Atlas GROUPS/'DAQTRIG/TPR/t
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5. Bromley, D. A., “Evolution and Use of Nuclear
Detectors and Systems,” Nuclear Instruments and
Methodsin Physics Research, 162(1-3, pt. I): 1-8, 1979.
(ISSN: 0029-554X)

6. Documents Relating to USCMS Software and
Computing, CERN--European Laboratory for Particle
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http://cmsdoc.cern.ch/~cmscan/uscmssw/documents.html

7. Duggan, J. L. and Morgan, I. L., eds., Application of
Accelerators in Research and Industry: Proceedings of
the 14th International Conference, Denton, TX,
November 6-9, 1996, 2 vols., New York: American
Institute of Physics, May 1997. (AIP Conference
Proceedings No. 392) (ISBN: 1-563-96652-2) (Available
from Springer-Verlag New York, Inc. Telephone: 800-
777-4643. Web site: http://www.springer-ny.com)

8. Fifth Conference on Real-Time Computer Applications
in Nuclear, Particle, and Plasma Physics, San
Francisco, CA, May 12-14, 1987, | EEE Transactionson
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9. |EEE Sandard FASTBUS Modular High-Speed Data
Acquisition and Control System: An American National
Sandard, 1993. (ISBN: 1559373962)

10. IEEE Sandard for VMEbus Extensions for
Instrumentation, VXI-Bus, September 1992. (ISBN:
1559372605)

11. IEEE Sandard Modular Instrumentation and Digital
Interface System (CAMAC), February 26, 1982. (1SBN:
1559376325)

12. |EEE Sandard for a Versatile Backplane Bus. VMEDbus,
October 1985. (ISBN: 1559376740)

13. Kleinknecht, K., Detectors for Particle Radiation,
Cambridge, MA: Cambridge University Press, 1986.
(ISBN: 0521304245)

14. Perkins, D. H., AnIntroduction to High Energy Physics,
Reading, MA, Addison-Wesley, 1982. (ISBN: 0-201-
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Cambridge University Press, 1990. (1SBN: 0521341957)

*  Availablefrom Nationd Technology Information Service.
See Solicitation General Information and Guidelines,
section 7.1.

43. HIGH ENERGY PHYSICSDETECTORS

The Department of Energy (DOE) supports research and
development in a wide range of technologies essential to
experimentsin high energy physics and to the accelerators at
DOE and university high energy accelerator laboratories.
The development of advanced technologies for particle
detection and identification for use in high energy physics
experiments or particle accelerators is desired. Principal
areas of interest include particle detectors based on new
techniques and technological developments (eg.,
superconductivity or solid-state devices) or detectorswhich
can be used in novel ways as a consequence of associated
technologica developmentsin electronics (e.g., sensitivity or
bandwidth), with particular interest in devices exhibiting
insengitivity to very high radiation levels. Also of interest are
novel experimental systemsthat use new detectors or use old



ones in new ways that either extend basic high energy
physics experimental research capabilities or result in less
costly and less complex apparatus. Grant applications must
clearly and specifically indicate their particular relevance to
high energy physics programmatic activities.

Although particle physics detector development is often
concentrated at major national particle accelerator centers,
there are many developmental endeavors, especiadly in
collaborative efforts, where small businesses can make
creative and innovative contributions that further develop the
required advanced technologies. Nonetheless, applicantsare
encouraged to collaborate with active high energy elementary
particle physicists at universities or national laboratories to
establish mutualy beneficial goals. On-line directories of
appropriate researchers are available a
http://www.hep.net/sites/directories.html. Grant
applications ar e sought only in the following subtopics:

a. Particle Detection and Identification Devices—Grant
gpplications are sought for novel devices in the areas of
charged and neutral particle detection and identification.
Examples include, but are not limited to, semiconductor
particle detectors (silicon, CVD diamond, or other
semiconductors),  light-emitting  particle  detectors
(scintillating materials including fibers and crystals or
Cherenkov radiators), photosensitive detectors that could be
used with light-emitting detectors (photomultipliers, micro-
channd plates, photosensitive semiconductors), gasor liquid-
filled chambers (used for particle tracking or in
electromagnetic or hadronic calorimeters, Cherenkov or
transition radiation detectors).

The proposed devices must be explicitly related to future
high-energy physics experiments, either accelerator or non-
accelerator based, or to future uses in particle accelerators.
Relevant potential improvements over existing devices and
techniques must be discussed explicitly (e.g., radiation
hardness, energy, position, and timing resol ution, sensitivity,
rate capability, stability, dynamic range, durability, cost).
Electromagnetic calorimeters, also called shower counters or
gamma ray detectors, must be optimized for photons with
energies above 1 GeV. X-ray detectors are not relevant to
this topic.

b. Detector Support and I ntegration Components—High
energy physics experiments frequently require high
performance detector support that will not compromise the
precision of the detectors. Therefore, grant applications are
sought for components used to support or integrate detectors
into high-energy physics experiments.  The support
components must be well matched to the detectors and

possess some or al of the following features: low mass, high
strength or stiffness, low intrinsic radioactivity, exceptionally
high or exceptionally low thermal conductivity, and low cost.
Grant applications are a so sought for alignment and cooling
systems.
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44. ADVANCED CONCEPTSAND
TECHNOLOGY FOR HIGH ENERGY
ACCELERATORS

The Department of Energy (DOE) High Energy Physics
program supports a broad research and development (R& D)
effort in the science, engineering, and technology of charged
particle accelerators, storage rings, and associated apparatus.
Advanced R&D is needed in support of this program in the
following areas: (1) new concepts for acceleration, (2) novel
device and instrumentation development, (3) inexpensive
electron sources, and (4) computer software that will
contribute to overall advances n accelerator technology
applicable to high energy physics research. Relevance to
applications in high energy physics must be explicitly
described in the submitted grant applications. Advanced
accelerator R& D more appropriate to applicationsin nuclear
physicsisspecifically excluded from thistopic and should be
submitted under Topic 36. Grant applications that propose
using resources of athird party (such asa DOE Laboratory)
must include, in the application, aletter of certification from
an authorized officid of that organization.  Grant
applications ar e sought only in the following subtopics:

a. New Conceptsfor Acceleration—Grant applicationsare
sought to develop new or improved acceleration concepts.
Designs should provide very high gradient (>100 MeV/m for
electrons or >10 MeV/m for protons) acceleration of intense
bunches of particles, or efficient acceleration of intense (>50
mA) low energy (of order <20 MeV) proton beams. One
possible concept might include the fabrication of accelerator
structures from materials such as Si or SiO,, using integrated
circuit technology; in this case, power sources might include
lasers in the wavelength range from 1 to 2.5 micrometers.
For al proposed concepts, stageability, beam stability,
manufacturability, and high wall plug-to-beam power
efficiency must be addressed in detail. Grant applications
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must also address the marketability of any systems,
technologies, and devices to be devel oped.

b. Novel Device and Instrumentation Development—
Grant applications are sought for the development of
electromagnetic, permanent magnet, or silicon microcircuit-
based charged particle optical elements for particle beam
focusing. Examples include, but are not limited to, dipoles,
guadrupoles, higher order multipole correctors for use in
electron linear accelerators, and solenoidsfor usein electron-
beam or ion-beam sources or for klystron or other radio
frequency amplifier tubes operating at wavelengths from 0.1
to 10 cm. In these optical elements, permanent magnets or
hybrid magnets incorporating magnetic materials that have
very high residual magnetization, radiation resistance, and
thermal stability (low variation of field strength with
temperature) are of particular interest.

Grant applications are aso sought for: (1) novel charged
particle beam monitors to measure the transverse or
longitudinal charge distribution or emittance, or phase-space
distributions of small radius (0.1 micrometersto 5 millimeters
diameter), short length (10 micrometers to 10 millimeters)
relativistic electron or ion beams; (2) devices capable of
measuring and recording the Schottky or transition radiation
spectrum of these beams (proposed techniques should be
nondestructive or minimally perturbative to the beams
monitored and have computer-compatible readouts); and (3)
lasers for laser-accelerator applications that provide
substantial improvements over currently available lasers in
one or more of the following parameters. longer wavelengths
(2 to 2.5 micrometers for use with Si transmissive optics),
very short wavelengths (< 200 nanometers) with low mode
numbers (M-squared < 100) and high pulse energy (> 0.1 J)
for photo-ionized plasma sources, higher power, higher
repetition rates, or shorter pulse widths.

Grant applications are sought to develop high density (range
of 1018-1020 cm-3), high repetition rate (10 Hz) pulsed gas
jets, capable of producing fan-shaped gas plumes with long
lengths on the centimeter scale and narrow widths of afew
hundred microns. These gas jets are to be used in laser
wakefield accelerators. The gas plumes should have sharp
edge gradients, on the order of 100 microns. The gas jet
system should have the flexibility to offer longitudinal density
profile control using, for example, multi-nozzle systems
produced, potentially, with Micro-Electro-Mechanica
Systems technology. ldealy, the pulse duration of the jets
should be less than 1 ms to minimize the amount of gas
loading in vacuum chambers.



Grant applications are also sought for the development of
novel devices and instrumentation for use in the cooling
(transverse and longitudinal emittance reduction) of muon
beams. Approaches of interest include the development of:
concepts or devices for ionization cooling, including
emittance exchange processes; instrumentation for muon
cooling channels with muon intensities of 10*2 muons/pulse;
or fast (of order 10 picosecond) timing detectors for muon
cooling experiments with low muon intensity (of order 10°
muons/second).

c. Inexpensive High Quality Electron Sources—Grant
applications are sought for the design and prototype
fabrication of small, inexpensive (<$1 million) electron
sources for use in advanced accelerator R& D laboratory
experiments. The following parameters are target values for
accelerator research experiments: (1) energy range of 5to 35
MeV providing, at a minimum, on the order of 10° electrons
in a bunch less than 5 picoseconds long; (2) normalized
transverse beam emittance less than or equal to 5 pi mm-
mrad; and (3) pulse repetition rate greater than 10 Hz. Grant
applications are also sought for significantly lower bunch
charges, energies, and emittances — yet with comparable or
greater peak currents and significantly higher repetition rates
— for bunches from a matrix cathode. In addition, grant
applications are sought to develop a bright DC/RF
photocathode electron source that combines a pulsed high
electric field DC gun and a high field rf accelerator, operates
a a repetition rate of several kHz, and has electron bunch
specifications that are similar to those listed above.

Grant applications also are sought for the development of
radio frequency photocathodes (robust, with quantum
efficiencies >0.1 percent) or other novel rf gun technologies
operating at output electron beam energies >3 MeV. Laser or
electron driven systems for such guns are also sought.

Finally, grant applications are sought for research and
development on electron sources to be used as polarized
beam injectors for linear accelerators, including linear
colliders. These sources should be gated with pulses or
pulse trains larger than 0.1 microsecond at about 100-200
pulses per second, and on semiconductor photocathode
sources of electrons with polarization greater than or on the
order of 80 percent and energy in the range of afew voltsto
severa hundred kilovolts. In addition, intensity stability <1
percent is required for polarized beams in pulsed linacs.

d. Computer Softwar e—Grant applications are solicited for
developing new or improved computer software specifically
for the design or study of charged particle beam optical
systems, accelerator systems, or accelerator components.

Such applications should incorporate the innovative
development of user-friendly interfaces with emphasis on
graphical user interfaces and windows. Grant gpplicationsare
also solicited for the conversion of existing codes to
incorporate such interfaces, provided that existing copyrights
are protected and that applications include the authors
statements of permission where appropriate.

Grant applications also are sought for improved simulation
packages for injectors or photoinjectors. Specific examples
include: (1) improved space-charge agorithms; (2) improved
algorithms for computing self-consistently the effects of
wakefields and coherent synchrotron radiation on the detailed
beam dynamics; (3) improved fully 3D algorithms for the
modeling of transversely asymmetric beams; and (4) explicit
end-to-end simulations that provide for more accurate beam-
quality calculations in full injector systems.

Lastly, grant applications are sought to improve (1) software
for command and control functions, real time database
management, and status display systems encountered in
state-of-the-art approaches to accelerator control; and (2)
decision and database management tools, specifically for use
in planning and controlling the integrated cost, schedule, and
resources in large high energy physics R&D and
construction projects.
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45. RADIO FREQUENCY ACCELERATOR
TECHNOLOGY FOR HIGH ENERGY
ACCELERATORSAND COLLIDERS

The Department of Energy (DOE) High Energy Physics
program supports a broad research and development (R& D)
effort in the science, engineering, and technology of charged
particle accelerators, storage rings, and associated apparatus.
Advanced R&D is needed in support of thisresearchin (1)
high gradient accelerator structures, (2) high peak power
radio frequency (rf) technologies, and (3) new concepts for
low-cost, very efficient, pulse power modulators. Relevance
to applications in high energy physics must be explicitly
described.

Advanced accelerator R& D more appropriate to applications
in nuclear physicsis specifically excluded from thistopic and
should be submitted under Topic 36. Grant applications that
propose using resources of a third party (such as a DOE

laboratory) must include, in the application, a letter of
certification from an authorized official of that organization.
Grant applications are sought only in the following

subtopics:

a. Radio Frequency Acceleration Structures—Grant
applications are sought for research on very high gradient rf
accelerating structures, normal or superconducting, for use
in accelerators and storagerings. Gradients>100 MeV/m for
electrons and >10 MeV/m for protonsin normal cavities are
of particular interest, as are means for suppressing unwanted
higher-order modes and reducing costs. For use in muon
accelerator R&D, achieving gradients of 510 MeV/m for
cavities with frequencies between 20 and 200 MHz is also of
interest. Meansfor achieving unloaded voltage gradients >40
MeV/m and reducing costs in superconducting cavities are
also of interest, as are methods for reducing surface
breakdown and multipactoring (such as surface coatings or
special geometries) and for suppressing unwanted higher
order modes. Grant applications should be applicable to
devices operating at frequencies from 1.2 to 100 GHz or
between 20 and 300 MHz for muon accelerators.

b. Radio Frequency Power for University and
Government Linear Accelerators—Grant applicationsare
sought for new concepts, high-power rf components, and
instrumentation for producing high peak power (>75 MW at
11 GHz, appropriately reduced when scaled to higher
frequencies), narrow band, low duty-cycle, low pulse
repetition frequency (approximately 0.1 to 1 kHz) pulsed rf
amplifiers for application to upgrading future large
electron/positron linear colliders. Potential  electrical
efficiencies greater than 45 percent are considered essential.
Of particular interest are innovations related to cost saving,
manufacturability, and electrical efficiency. For example:

(1) Oneway of providing rf power isthe cluster klystron, a
device consisting of a "cluster" of separate magnetron
gun driven klystrons that share acommon focusing field
and accelerating gap. Such adevice could give high total
pulsed power with relatively small individua beam
currents, and thus be capable of high efficiency. The
use of magnetron guns alows the many beams to be
enclosed in a compact space, and have modulation
anodes that alow the current to be switched, thus
eliminating the need for a pulsed high-voltage modul ator.

Therefore, grant applications are sought to develop
cluster klystrons, as well as highly stable magnetron
guns for cluster klystrons.

(2) Ancther way isthrough the use of sheet beam klystrons.
Accordingly, grant applications are sought for these rf
sources or their components such as single or dual sheet
beam gridded or diode guns, sheet beam klystron rf
structures, or whole single channel or dual channel sheet
beam klystrons. Engineers at SLAC's Klystron
Department are available to assure that designs match
various linear collider rf system concepts. In general,
these designs must be directed toward the economical
construction of a klystron capable of delivering 75-120
MW of X-band (11.424 GHz) power, in apulse length of
600 nsec — 3.2 microseconds, to accelerator loads. Two
classes of klystrons are envisioned for development:
first, a cathode pulsed dual sheet beam klystron
delivering 120 MW of peak power, 3.2 microseconds,
120 PPS into an rf pulse compression system that
combines multiple klystron power, segmented in time to
drive multiple accelerator sections; and second, a grid
pulsed single or dual sheet beam klystron, 75-120 MW
of peak power, 600 nsec, 120 PPSthat directly drivesa
single accelerating structure — such a gridded, short-
pulse klystron may provide an aternative to a pulse
compression system for a linear collider.
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(3) Anadvanced crossed-field amplifier or magnetron for X-
band linacs may be capable of operation at lower voltage
and higher peak current than klystrons, which require
low perveance to be efficient. Although the long-range
development goa is 50-100 MW, grant applications are
sought for theinitial development of an amplifier targeted
at 510 MW, possibly with permanent magnet focusing.
Additional information can be provided by Sami Tantawi
a SLAC (emall: tantawi@SLAC.Stanford.EDU; phone
650-926-4454; fax: 650-926-5368).

Upgrades to the next generation linear collider will require
many rf power handling components which are not presently
available, e.g., rf windows, couplers, mode transformers, rf
loads, and high power rings capable of operating at high
pulse powers (20 - 100 MW), high frequencies (11 - 100
GHz), and pulse lengths of several microseconds. Grant
applications are sought for passive and active rf components
such as over-moded mode converters from rectangular to
circular waveguide and vice versa, high-power rf windows,
circulators, isolators, switches, and high-power rf pulse
compression methods for use in future linear colliders.

c. New Concepts or Components for Pulsed Power
Modulators and Energy Storage—Most rf power sources
for future university or government linear colliders require
high peak-power pulse modulators of considerably higher
efficiency than presently available. Grant applications are
sought for new types of modulators in the 400 kV - 1MV
range for driving currents of 200- 800 A, with pulse lengths
of 0.2 — 4.0 microseconds, and rise- and fall-times of less
than 0.5 microsecond. Innovation related to cost saving,
manufacturability, and electrical efficiency in modulatorsis
especially important. Modulators with improved voltage
control for rf phase stability in some aternate rf power
systems are also sought. Of particular interest is the
development of cathode modulators for driving single or
double sheet beam diode gun klystrons, based on the Marx
multiplier principle. Thisdesign should produce 400-500kV,
3.2 microsecond pulses; haverise and fall timeslessthan 600
nsec; and be compact and cost competitive compared to
present cathode pulse modulator schemes.

Grant applications are a so sought to develop improved high
power solid-state switches for pulse power switching. For
some applications, requirements will include the ability to
switch high current pulses (2-5 kAmps) at voltage levels of 2
to 6 kV with switching times of less than 300 nsec. These
switches must handle very high di/dt (20
kAmps/microsecond) at low duty cycle (<0.1 percent).
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Existing IGBT (Insulated Gate Bipolar Transistor) packages
for high voltage (> 3.3kV) and high pulsed current (> 3
kAmps peak, 59 Amps average) are not optimized for very
high speed pulsed power applications (6.6 MW peak for 3.2
microseconds at 120 Hz) due to failure modes induced by
very rapid fall time (di/dt >10 kAmps/microsecond) and/or
rise time (dV/dt >15 kV/microsecond) upon device turn-off.
Therefore, grant applications are sought to reduce these
failure modes through improved packaging of commercial
IGBT chips, by incorporating appropriate protective circuitry
in a high voltage power package designed specifically for
high-speed transients.  Additional information can be
provided by Richard Cassd or Saul Gold at SLAC (Cassd: e
mail: rlc@SLAC.Stanford.EDU; phone: 650-926-2299; fax:
650-926-3588; Gold: e-mail: slg@SLAC.Stanford. EDU; phone
650-926-4450; fax: 650-926-3654).

Grant applications are also solicited for the design,
development, and computer modeling of a multiple,
concentric, high-voltage cable that provides primary pulse
energy storage for a klystron electron gun when pulsed,
while aso connecting the klystron to aremote grid pul ser and
power supply system. This power scheme would use ahigh
voltage, multiple concentric conductor cable to store the
energy deivered during the short, severa hundred
nanosecond, klystron cathode pulses. The pulse repetition
frequency of these pulses is on the order of 100-300 Hz.
The dynamic impedance of the klystron during the pulse is
on the order of 750 ohms. A typical cableimpedance for this
sort of cable design is 35 ohms. Thus, if the cableisinitialy
charged to 5 percent over required cathode voltage, then
when the grid is pulsed and the cathode delivers full current,
the cable voltage on the load end should drop to the required
cathode voltage, and this voltage should be maintained until

the wave-front, launched on the cable asthe result of the grid
switched cathode current, travels to the other end of the
cable and returns to the load end. At this time, the grid

would turn off the cathode current, canceling the returning
wave. This dictates that the cable must have an electrical

length of exactly half the cathode pulse width. The cable
would then recharge slowly during theinterpul se period. The
cable must have good DC high voltage stand-off
characteristics, while also having very low loss and
dispersion functionsfor the traveling waves. Power systems
incorporating such high voltage cables are also desired.

Lastly, grant applications are sought to develop and optimize
high reliability, high energy density energy storage capacitors
for future solid state pulse power systems. The capacitors
must: (1) deliver high peak pulse current (5- 8 KAmps) inthe
partial discharge region (less than 10 percent voltage droop
during pulse), (2) be designed with very low inductance
connectionsto alow fast rise and fall time discharge without



ringing (di/dt ~ 20 kAmps/microsecond), and (3) be
packaged to meet the requirements of high power solid state
board layouts and have minimum production cost.

Further information regarding the last two paragraphs can be
obtained from either Ron Koontz or Saul Gold at SLAC
(Koontz: e-mail: rfkap@SLAC.Stanford. EDU; phone: 650-926-
2528; fax: 650-926-3654; Gold: e-mall:
slg@SLAC.Stanford.EDU; phone: 650-926-4450; fax: 650-
926-3654).

Note: See Topic 47 regarding the solicitation of grant
applications for components and systems that target the
presently envisioned X-band Linear Collider.

d. Radio Frequency Power for Muon Colliders—Grant
applications are sought for new concepts, approaches, or
designs for radio frequency amplifiers or pulse compression
schemes for use in the acceleration and ionization cooling
channels of a future muon collider. The amplifiers or
compressors must have high peak power (>50 MW) and
pulsed, low frequency (from 2 millisecond pulses at 20 MHz
to 0.1 millisecond pulses at 200 MHz). Higher power (>100
MW) pulsed sources at higher frequencies (from 30
microseconds at 400 MHz to 10 microseconds at 800 MHz)
are aso of interest. All muon collider amplifiers must have
moderate repetition rate capability (e.g., 15 Hz). Another
important factor isthe cost per unit of peak power, including
the cost of required power supplies.
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46. HIGH-FIELD SUPERCONDUCTOR AND
SUPERCONDUCTING MAGNET
TECHNOLOGIES FOR HIGH ENERGY
PARTICLE COLLIDERS

The Department of Energy High Energy Physics program
supports a broad research and development (R& D) effort in
the science, engineering, and technology of charged particle
accelerators, storage rings, and associated apparatus.
Advanced R&D is needed in support of this research in (1)
high-field superconductor and (2) superconducting magnet
technologies. This topic addresses only those
superconductor and superconducting magnet devel opment
technologies that support dipoles, quadrupoles, and higher
order multipole corrector magnets for use in accelerators,
storage rings, and charged particle beam transport systems.
Grant applications that propose the use of third party
resources (such as a DOE laboratory) must include in the
application aletter of certification from an authorized official
of that organization. Grant applicationsaresought only in
the following subtopics:

a. High-Field Superconductor Technology—Grant
applications are sought for new or improved materials and
related processing techniques for high critical-current, high
critical-field conductorsfor the production of low aternating
current (AC) loss conductors used in very high-fied
magnets. Grant applications for the improvement of starting
raw materials are of particular interest. While improvements
are sought for magnets above 8 Tesla, the engineering goal
for the near future (7 to 10 years) is at least 15 Teda

Applications must demonstrate such property improvements
as higher critical-current densities and higher critical fields,
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as well as manageable degradation of these properties as a
function of applied strain. Vacuum requirements in
accelerators and storage rings favor operating temperatures
below 20 K. Processimprovements must result in equivalent
performance at reduced cost. Advanced conductor
fabrication techniques of interest aso include methods to
utilize high aspect ratio stranded conductors or tape
geometries in particle accelerator applications. Materias of
interest include: niobium-titanium, ternary niobium-titanium
alloys, the so-cdled "A-15" compounds (e.g., niobium-tinad
niobium-aluminum), and oxide (high temperature)
superconductors.  Regarding oxide superconductors, a
minimum current density of 1200 A/mm? (not cn¥) in the
superconductor itself and a minimum current density of 250
A/mm? over a total conductor cross section, at 12 Tesla
minimum and 4.2 K, must be achieved. Grant applications
that address the development of A-15 and oxide
superconductors must deliver a sufficient amount of material
to for winding and testing in small dipole or quadrupole
magnets.

Because high performance niobium-titanium (NbTi) aloys
operating above 8 Teda appear to be required for focusing
guadrupole magnets or for "low field" graded windings in
higher field dipoles, grant applications are sought for NbTi
composite superconductors with properties optimized at the
higher field portion of the short sample curve. These grant
applications must focus on conductors that will be acceptable
for accelerator magnets.

Lastly, grant applications are sought for innovative insulating
materials which would enable employment of new
superconductors, such as the A-15 or oxide types, in
practical devices. Insulating materials must be compatible
with high temperature reactions in the 750-900°C range and
must be capable of supporting high nechanical loads at
cryogenic temperatures.

b. Superconducting Magnet Technology—Grant
applications are sought to develop: (1) improved
instrumentation to measure properties (such as local strain,
temperature, and magnetic field) which are directly applicade
to the testing of superconducting magnets; (2) improved
current leads based on high-temperature superconductorsfor
application to high-field accelerator magnets, which have
requirements that include current level at 5 kA or greater,
stability, low heat leak, and good quench performance; (3)
alternative designs, to traditiona "cosine theta' dipole and
"cosine two-theta' quadrupole magnets, that may be more
compatible with the more fragile A-15 and the oxide, high-
field superconductors; or (4) designs for bent (e.g., bending
radius in the range 0.75 to 1.25m) solenoids (e.g., 2 T, 30



cm inside diameter) with superimposed dipole fields (e.g., 1
T) for dispersion generation in large emittance beams.
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47. TECHNOLOGIES FOR THE  NEXT-
GENERATION ELECTRON-POSITRON
LINEAR COLLIDER

The DOE High Energy Physics program supports research
and development (R&D) of technologies for a TeV-scae
electron-positron linear collider that would use normal-
conducting X-Band (11.4 GHz) microwave power. This
collider will be five to ten times the energy of present-
generation linear accelerators. Thistopic addresses near-to-
medium term developments to enhance performance and
reliability and/or to reduce costs of accelerator components
and infrastructures.  Applications should demonstrate
relevanceto theseissues. Grant applicationsthat proposethe
use of third party resources (such as a DOE Laboratory)
must include, in the application, aletter of certification from
an authorized official of that organization.  Grant
applications ar e sought only in the following subtopics:

a. Direct Current (DC) and Pulsed Power Supplies
Modulators and Components—Advances are needed in
various aspects of pulse modulators and associated
componentsto drive klystronsin both injector and main linac
applications. Grant applications are sought for:

(D] UltraReliable Capacitors of ~10-25 microfarads at
25 to ~6 kV to provide stored energy for partial
discharge, on-off switch modulator configurations.
Requirements include low loss, low inductance, high
power density to minimize volume, MTBF >100,000
hours, and low cost. Long lifetimeisapriority because
the large numbers of such unitsin the modulator designs
will dominate modulator reliability.

(2 High Voltage Pulse Transformers with low leakage
inductance and minimized core loss, for use in solid-
state-switch driven modulators with a load-matching
transformer. The modulatorswill drive apair of X-band
klystrons at 180 Hz with ~500 kV, 520 A peak and 3
microseconds pulse-length, or drive an S-band klystron
intheinjector at 180 Hz with 380 kV, 800 A peak, and at
least 6 (possibly up to 16) microseconds pulse-length.
Rise/fall times of less than 300 ns and droop/ripple of
less than 2 percent are desired. Transformers must
operate in oil and be compact, efficient, and cost-
effective to manufacture.

Additional information can be obtained from Ray Larsen at
SLAC (email: larsen@SL A C.Stanford. EDU; phone: 650-926-
4907; fax: 650-926-5124).

b. Manufacturing Processesand Support Technology for
Microwave Power—The transmission of high power, X
band microwaves to the high-energy, X-band linear
accelerators may utilize oversized, multi-mode components
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and waveguides with non-standard cross sections, evacuated
to 10 nTorr pressure. Components for such functions as
manipulating microwave modes or introducing mechanical
flexibility may be irregularly shaped. They aso require
demanding tolerances on internal dimensions (mils), surface
finishes (microns), leak rates (10™? Torr-liter/sec/cn?), rf
voltage hold-off (40 MV per meter), and surface conductivity
(at least as good as aluminum). For these components,
conventional manufacturing processes such as investment
casting or electroforming are not adequate. Therefore, grant
applications are sought to develop appropriate techniques or
manufacturing processes to economically produce these
microwave components in large batches of identical parts.

Grant applications are aso sought to develop or advance
“first cut” (net shape or near net shape) manufacturing
processes for mass production of high-conductivity (100
percent dense), oxygen-free (ASTM F.68 Metallographic
Class 1) copper components used in ultrahigh vacuum
(UHV) (equilibrium vapor pressure <1 nTorr at 300 C), high-
power microwave applications. For these applications,
mechanical tolerances of 50-100 micrometers must be
achieved. Of particular interest are grant applications that
seek to develop or advance processes for precision
machining subsequent to net shaping, with dimensional and
flatness tolerances of one micrometer and surface finishes of
10 nanometer (rms). Other areas of interest include (but are
not limited to): powdered metallurgy with copper plating;
precision mechanicall measurement device(s) for RF
component fabrication; development of microwave Quality
Control techniques for X-band cell manufacturing, able to
resolve shifts of 0.5 MHz in cell resonant frequency due to
multidimensional errors; and surface treatments for RF
components and assemblies. Lastly, manufacturing
processes for the mass production of ultra-high vacuum,
high-power parts made from stainless steel, aluminum, or
copper aloys are also of interest, provided that tolerances
and applicability are similar to those listed above. All grant
applications must demonstrate significant cost reduction over
conventional techniques (such as current numerically
controlled machining methods). Additional information can
be provided by Gregg Kaobliska or Harry Carter at Fermilab
(Kohliska: e-mail: gregg@fnal.gov; phone: 630-840-4893;
fax: 630-840-nnnn; Carter: e-mail: hfcarter@fnal.gov phone
630-840-2458; fax: 630-840-8022).

Finally, to support the generation and transmission of high
power microwaves, grant applications are sought to devel op:
(1) a microwave circulator and/or active switch with high
efficiency for multi-megawatt power levelsat 11.4 GHz [see
reference 7]; (2) robust, reliable techniques for distributed
pumping and/or for suppression of surface field emissionin
components and waveguides; (3) robust, reliable techniques

for the joining components and waveguide sections in the
accel erator housing [see reference 8]; or (4) new permanent
magnet focusing structures with reduced cost or improved
reliability for X- or S band klystrons or for X-band crossed-
field amplifiers. Further information can be obtained from
Sami Tantawi a SLAC (emall:
tantawi @SLAC.Stanford.EDU; phone 650-926-4454; fax:
650-926-5368).

¢. UHV Manufacturing Techniques for Damping Ring
Cavities and Vacuum Chambers—Grant applications are
sought to develop ultra-high vacuum (UHV) manufacturing
techniques for low-cost, reliable fabrication of UHF-band
radiofrequency accelerating cavities with damped higher-
order modes for use in damping rings. Fabrication of the
cavity and its penetrations has in the past been performed by
multi-axis milling of oxygen-free, high-conductivity copper -
an expensive process. More cost-effective candidate
techniquesinclude stereolithography, casting, eectroforming,
plunge-EDM, etc. Methods are aso required for providing
cooling channels that can be accessed from the exterior of
the cavity. Methods such as plasma deposition over
machined or formed channels, or brazed tubing, may be
investigated (in preference to existing €eectroplating
techniques). The joining of parts by electron-beam welding
is aso of interest.

Grant applications are also sought to develop improved low-
cost techniques for the fabrication of damping-ring UHV
aluminum vacuum chambers with detailed, non-circular
cross-sections and outgassing rates of 10 Torr-
liter/sec/cn? or less at room temperature. Machining
tolerances are generally approximately +1 mm over the length
of the structure, with detailed features requiring tolerances of
approximately £100 micrometer to be added in a subsequent
process. In order to reduce the effective surface area, and
thus outgassing rate, the chambers may be extruded, with a
fina machined surface finish. Other details of the
manufacturing process, such asthe cleaning process and the
choice of machining lubricant are also critical in producing
and maintaining low outgassing rates. Other needs include
(2) improved methods of joining the vacuum chambersto the
stainless stedl flanges with UHV-compatible techniques, and
(2) the development of a method and equipment to directly
measure outgassing rates, in order to evauate the chamber
manufacturing techniques described above. For the latter,
requirements include measurements of 10%? Torr-
liter/sec/cr? or less at room temperature for multiple samples
of auminum or other metals, and minimal sample sizes to
lower the costs of preparation.



Further information on can be obtained from Marc Ross at
the Stanford Linear Accelerator Center (email:
mcrec@SLAC.Stanford.EDU; phone: 650-926-3526; fax:
650-926-5124).

d. Focusing and Auxiliary Systems—Asapotentially more
economical and reliable aternative to DC electromagnets,
permanent magnets are under consideration.  Grant
applications are sought to develop engineering design and
evaluation techniques applicable to permanent magnets used
inlinear colliders, and for a highly reliable permanent magnet
guadrupole that is remotely tunable over a range of +20
percent relative to its nominal integrated focusing gradient
(taking about 10 seconds). The quadrupole must be
magnetically stable, with less than 1.4 micrometers of
magnetic center shift.  These specifications require
symmetry and stability not previously sought from permanent
magnets and greatly influence the magnetic and mechanical
design of the quadrupole. A typical quadrupole will have 13-
mm-diameter aperture, 430-mm length, and 0.8-Teda pole-
tip field. The operating environment that is contemplated is
10,000 Rads per year, and stable temperature near 90°F. See
reference 1 for more information on this subject. Further
information can be obtained from John Cornuelle, SLAC (e
mail: johnc@SLAC.Stanford.EDU; phone: 650-926-2545;
fax: 650-926-5124).

Thelow-level microwave reference signa for alinear collider
will be distributed at a sub harmonic of the linac frequency.
Therefore, grant applications are sought to develop 6X
frequency multiplierswith an output frequency of 2856 MHz,
unprecedented phase stability of order 100 fs, noise floor of
—160 dBc (input referred), and long-term drift not to exceed
100 fsfrom 20 to 40 degrees C. Additional information, can
be provided by Ron Akre a SLAC (emal:
akre@SLAC.Stanford.EDU, phone: 650-926-4754; fax: 650-
926-3654).

Grant applications also are sought to develop one or both of
two types of precision translation actuators suitable for
integration into hundreds of mover systems (each with
severa degrees of freedom) for the spatia adjustment of
beam line componentsin the radiation environment of ahigh-
energy linear accelerator that is severa miles long. The
continuous adjustment of linac componentswill require more
than 10,000 actuators (of Type 1) with load capacity of 250
kg, resolution of 1 micron, range of plus or minus 1 mm,
stability of 1 micron per day, maximum speed of 2 mm/min,
power of 20 W at full speed, and average unit cost below
$200. The final focusing magnets will require tens of even
more precise actuators (Type 2) with 1000 kg load capacity,
0.1 micron resolution, plus or minus 0.5 mm range, 0.5

micron per day stability, and 100 W power at full speed. The
latter type should be functional at 4 Tedla and 3 degrees
Kelvin, and may cost more than the Type 1 actuators. Both
types should use less than 2 W when static and should fail
safely when power is removed. Localized position readout
would be desirable as an independent supplement to the
precision measurements by beam position monitors. Further
information can be obtained from Gordon Bowden at SLAC,
(e-mail: gbb@SLAC.Stanford.EDU; phone: 650-926-2991;
fax: 650-926-5368.

Finally, sensors and electronic devices are needed for
measurement and control. Grant applications are sought to
develop: (1) robust, non-contact position sensors based on
radiation resistant materials (e.g. eddy-current sensors) and
produced at low cost in large quantities (the critical range of
motion is ~1 mm with resolution and repeatability of ~100
nm; and (2) custom integrated el ectronic circuits that can be
transferred to aradiation-hard process suitable for devicesto
be used in an accelerator housing — specifically, circuits are
needed for controlling beam msition monitors; ion-pump
controllers; low-level rf mixers, demodulators, multiplexers,
and digitizers, and magnet-mover controllers.  Further
information can be obtained from Ray Larsen at SLAC (e
mail: larsen@SLAC.Stanford.EDU; phone: 650-926-4907;
fax: 650-926-5124).
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