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Funding Opportunity AnnouncementHOA Issue Date: Septemberl3, 2022

FOAClose Date: Open continuously until otherwise
amended.

Application Due Date: SeeExploratoryTopics Tabléor topic-
specific application due dase

Total Amount to Be Awarded Approximately$55-75 million, subjectto the

availability of appropriated fund® be
shared between FOAs BIOA0002784and
DEFOAO0M®785 SeeExploratoryTopics
Table fortopic-specific information.
Anticipated Awards ARPAE may issue one, multiple, or no
awards under this FOA. Awards may vary
between $.00,000and$4,241,580 See
ExploratoryTopics Table fawopic-specific
award amountrequirements

For eligibility criteriasee Section 111.4f the FOA.

For cost share requirements under this FOA, see Sectignfithe FOA.

To apply to this FOApplicants must register with and submit application materials through

ARPAEeXCHANGIH(fps://arpa-e-foa.energy.gov/Registration.aspxFor detailed guidance

on using ARRPE eXCHANGE, see Sectio6.IMof the FOA.

1 Applicants are responsible for meetirgchsubmission deadlinassociated with each
ExploratoryTopic Applicants are strongly encouraged to submit their applications at least 48
hours in advance of thExploratoryTopicsubmission deadline

1 For detailedyuidance on compliance and responsiveness criteria, see Sectibristhitough

l1l.F.30f the FOA.
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have not already been answerednail ARPAECO @hg.doe.gofwith FOA name and number in subject line); see FOA Sec. \
Problems with ARRB eXCHANGE? EniaithangeHelp@ha.doe.gfwith FOA name and number in subject line).
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MODIFICATIONS
All modifications to the Funding Opportunity Announcement (FOA) are highlighted in yellow in the body

of the FOA.
MobDNo. | DATE DESCRIPTION MODIFICATION
1 2/17/2023 | 1 Reserved Appendix Bee Table 1. Exploratory Topics, AppeBdix

1 Inserted new Exploratory Topi€opic C: Creating Revolutionary
Energy And Technology Endeav@REATESee Table 1. Exploratony
Topics, Appendix C and Total Amounts to be awarded on Cover P
UpdatedTotal Amounts to be awarded on Cover Page.

Updated Maximum Funding Amounts on the Covage and in

Section LA Award Overview

Updated Responsive Criteria in Section Ill.F.2 Responsiveness Cr

Updated language in Section IV.C. Content and Form of Full

Applications

T Updated language in Section IV.C.1 First Component: Technical
Volume

1 Updated language ineStion V.C Anticipatednnouncementind
Award Dates

1 Updated language in Section VLBnique Entity Identifieand SAM,
FSRSNdFEDCONNECT Registrations

2 2/23/2023 | § Inserted new Exploratory Topi€ppicD: Predictive Redlme

Emissions Technologies Reducing Aircraft Induced Lines in the Sk

(PRETRAILS)See Table 1. Exploratory Topics, Appendan Total

Amounts to be awarded o6over Page.

3 3/31/2023 1 UpdatedTopic D: Predictive Retiine Emissions Technologies

Reducing Aircraft Induced Lines in the Sky {PR&LSJubmission

Deadline for Replies to Reviewer Coamts to June 1, 2023. S@able

1. Exploratory Topics and Appendix D.

4 5/30/2023 | 1 Inserted new Exploratory Topi€ppic F: Novebuperconducting
Technologies for ConductorsSee Tabl 1. Exploratory Topics,
Appendix Fand Total Amounts to be awarded on Cover Page.

1 Updated language in Sectiévi.C.3 Third Component: Budget
Justification Workbook.

1 Updated language in Section N8 EighthComponent Budget

Assurances and Disclosure Form.

Updated language in Section IV.F.7 Purchase of New Equipment.

Updated language in Section IV.F.8 Technology Transfer and Outi

Inserted Section IV.F.13 Buy America Requirement for Public

InfrastructureProjects.

Inserted Section IV.F.14 Requirement for Financial Personnel.

Inserted Section VI.B2ZCommercialization Plan and Software

Reporting.
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Questions about this FO&heck the Frequently Asked Questions availaliét@t/arpa-e.energy.gov/faqFor questions that
have not already been answerednail ARPAECO @hg.doe.gofwith FOA name and number in subject line); see FOA Sec. \
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5 9/7/2023 1 Inserted new Exploratory Topi€ppic G: Production of Geologic
Hydrogen Through Stimulated Mineralogical ProcesSes Table 1.
Exploratory Topics, Appendis and Total Amourt to be awarded on
Cover Page.

1 Inserted new Exploratory Topi€opic H: Subsurface Engineering for

Hydrogen Reservoir Managemeisiee Table 1. Exploratory Topics,

AppendixH, and Total Amounts to be awarded on Cover Page.

Updated language in Section VI.B.10 Applicant Risk Analysis

Updated language in Section VIII.K Export Control Information

Updated language in Section IX Glogsar
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TABLEL. EXPLORATORNOPICS

Appendix ExploratoryTopic Issue Date | Deadline for Full Submission Total Federal Anticipated | Max Period of Expected
Title Questions to| Application Deadline for Fundsto be Awards Performance Date for
ARPAE CO | Submission Replies to Awarded Notifications
Deadline Reviewer (subject to
Comments availability)
A LOW-ENERGWUCLEAR | 9/13/2022 | 5 PM ET, 9:30 AM ET, | 5:00 PM ET, | Approximately 5-8 awards 30 months February,
REACTIONS 11/4/2022 11/15/2022 12/20/2022 $10M total 2023
B <Reserved> — Q—
C CREATINGEVOLUTIONAR| 2/17/2023 | 5 PM ET, 9:30 AM ET, | N/A Approximately 20-30 24 months June 2023
BENERGYND TECHNOLOG 3/10/2023 3/21/2023 $10M total awards
ENDEAVORS
D PREDICTMREAETIME | 2/23/2023 | 5 PM ET, 9:30 AM ET, | 5:00 PM ET, | Approximately 4-6 awards | 18 months July, 2023
EmiSSIONSECHNOLOGIE 4/14/2023 4/25/2023 6/6/2023 $10M total
REDUCIN&RCRAFT
INDUCEIINES IN THEKY
E <Reserved>
F NOVEISJPERCONDUCTIN 5/25/2023 | 5:00 PM ET, | 9:30 AM ET, | 5:00 PM ET | Approximately 2-4awards 36 months September,
TECHNOLOGIESR 6/30/2023 7/11/2023 8/11/2023 $10M total 2023
CONDUCTORS
G PRODUCTION @BEOLOGI] 9/7/2023 5:00 PM ET, | 9:30 AM ET, | 5:00 PM ET | Approximately 4-6 awards | 24 months January, 2024
HYDROGENHROUGH 10/13/2023 | 10/24/2023 11/27/2023 $10M total
STIMULATED
MINERALOGICAL
PROCESSES
H SUBSURFAARIGINEERING 9/7/2023 5:00 PM ET, | 9:30 AM ET, | 5:00 PM ET | Approximately 4-6 awards | 24 months January, 2024
FORHYDROGERESERVOIR 10/13/2023 | 10/24/2023 11/27/2023 $10M total

MANAGEMENT

Questions about this FO&heck the Frequently Asked Questions availabitat/arpa-e.energy.qov/fagFor questions that
have not already been answerednail ARPAE-CO@hg.doe.gafwith FOA name and number in subject line); see FOA Sec.
Problems with ARRPBE eXCHANGE? EnfiaithangeHelp@hqg.doe.gfwith FOA name and number in subject line®
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REQUIREMOCUMENTEHECKLIST

Unless an exception or exceptions are described under a partiexfaoratoryTopic, the
following are applicable to aixploratoryTopics published under this FOA.

1 Foran overview of the application process, seectionlVV.Aof the FOA.

1 For guidance regarding requisite application forms, see Section 1V.B of the FOA.

1 For guidance regarding the content and formaill Applicationsand Replies to Reviewer
Commentssee &ctions|V.Cof the FOA

SUBMISSIO| COMPONENTS

OPTIONAL/ | FOA
MANDATORY SECTION

9 Each Applicant must submit a Technical Volume in Adobe PDF
format by the stated deadlineThe Technical Volume must includ
the following

0 ExecutivéeSummary (1 page max.)
0 Sections 15 (14 pages max.)
1 1. Innovation and Impact
1 2. Proposed Work
1 3. Team Organization and Capabilities
1 4. Technology to Market
1 5. Budget
o0 Bibliographic References (no page limit)
o Personal Qualification Summaries (e&drsonalQualification
Summanyimited to 3 pages in length, no cumulative page

limit)
Full | The Technical Volume must be accompanied by Mandatory | IV.C
Application 0 SF424 (no page limit, Adobe PDF format);

0 Budget Justification Workbook/SF424A (no page limit,
Microsoft Excel format);

o0 Summary for Public Release (250 words max., Adobe PDF
format);

o0 Summary Slide (1 page limit, Microsoft PowerPoint format)

0 SBA Company Registration Certificgémerated in the SBA
Company Registritp://sbir.gov/registration) (Adobe PDF
format);

o If applicable, Certification for Applicartsat are (a)Majority-
Owned by Multiple Venture Capital Operating Companies,
Hedge Ends, or Private Equity Firmnand/or (b) joint ventures
minority-owned by a foreign entitgAdobe PDF format);

0 Completed and signed Business Assurances & Disclosures
Form (no page limit, Adobe PDF format)

1 As set forth inTable 1, each Applicant may submit a Reply to

Reply to Reviewer Comments in Adobe PDF format. This submission is
Reviewer optional. The Reply may include: Optional IVD
Comments 0 Up to 2 pages of text; and

0 Upto 1 page of images.
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. FUNDINGOPPORTUNITESCRIPTION

A. AGENCYDVERVIEW

The Advanced Research Projects Ageriegiergy (ARRE), an organization within the
Department of Energy (DOE), is chartered by Congress in the America COMPETES Act of 2007
(P.L. 11659), as amended by themerica COMPETES Reauthorization Act of 2010 (P-L. 111
358)as further amended by the Energy Act of 2020 (P.L-2615 to:
G610 G2 SyKFyOS GKS SO02y2YAO FyR SySNH& &aSO0Od
development of energy technologies that
(i) reduceimports of energy from foreign sources;
(ii) reduceenergyrelated emissions, includir@HGs
(i) improvethe energy efficiency of all economic sectors;
(iv) provide transformative solutions to improve the management, cleanand
disposal of radiactive waste and spent nuclear fuel; and
(v) improve the resilience, reliability, and security of infrastructure to produce, deliver,
and store energy; and
(B) to ensure that the United States maintains a technological lead in developing and
deployingadvd OSR Sy SNH& G(SOKy2f 23ASadé

ARPAE issues this Funding Opporturignouncement (FOA) undés authorizing statute
codified at 42 U.S.C. § 16538Bhe FOA and argrants or Cooperative Agreemenisade
under this FOA are subject to 2 C.F.R. Part 280@dementecby 2 C.F.R. Part 910.

ARPAE funds research on and the developmentrahsformative science and technology
solutions to address the energy and environmental missions of the Departifieatagency
focuses on technologies that can be meaningfully advanced with a modest investment over a
defined period of time in order to catalyze the translation from scientific discovery to-early
stage technologyFor the latest news and information abo8RPAE, its programs and the
research projects currently supported, setp://arpa-e.energy.qov/

ARPAE funds transformational researcltxisting energy technologies generally progress on
SaGlrof AaKSR af SINYyAYy3d OdzNBSaé¢ gKSNBE NBFAYySYSy
that accrue as manufacturing and distribution develop diaprovements tathe

cost/performance metric in a gral fashion. This continual improvement of a technology is
important to its increased commercial deployment and is appropriately the focus of the private
sectoror the appliedtechnologyofficeswithin DOE. In contrast, ARPA supports

transformative resarch that has the potential to create fundamentally new learning curves.
ARPAEtechnologyprojects typically start with cost/performance estimates well above the

level ofanincumbent technology. Given the high risk inherent in these projects, mahfaivil

to progress, but some may succeed in generating a new learning curve with a projected
cost/performance metric that is significanthetter than that of the incumbent technology.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
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ARPAE funds technology with the potential to be disruptive in the rkatplace The mere
creation of a new learning curve does not ensure market penetration. Rather, the ultimate
value of a technology is determined by the marketplace, and impactful technologies ultimately
become disruptive; that is, they are widely adopteand displace existing technologies from

the marketplace or create entirely new markets. AHPénderstands that definitive proof of
market disruption takes time, particularly for energy technologies. Therefore, ARBAds the
development of technologthat, if technically successful, have clear disruptive potential, e.g.,
by demonstratingcapability for manufacturing at competitive cost and deployment at scale.

ARPAE funds applied research and developmefithe Office of Management and Budget

dSFAYSa al LILX ASR NBaSIFENOKeé a Iy G2NARAIAYIE Ay¢(
1Y26f SRISXRANBOGSR LINAYFNAREfE (G261 NR&A | ALISOAT
GSELISNAYSYi(lt RS@OSt2LIYSY (¢ | & &ONRdgéidaige | YR &
from research and practical experience, which is directed at producing new products or

LINE OSa&aSa 2NJ AYLINE GAY 3 S\pplicanisine@stediNBecevndi & 2 NJ LJ
financial assistance for basic resea(dafined by the Office of Management and Budget as
GSELISNAYSYGdlt 2N GKS2NBUGAOIE 662N)] dzy RSNIIF | Sy
underlying foundations of phenomena and @ S NIJ I 0 TaK 2%kf QR &&20/ G | OG G KS
of Sciencefttp://science.energy.qoV. Office of Science national scientific user facilities
(http://science.energy.gov/usefacilities/) areopen to all researchers, including ARPA

Applicants and awardees. These facilities provide advanced tools of modern science including
accelerabrs, colliders, supercomputers, light sources and neutron sources, as well as facilities

for studying the nanoworld, the environment, and the atmospheReojects focused on early

stage R&D for the improvement of technology along defined roadmaps maybe m

appropriate for support through the DOE applied energy offices includhmeyOffice of Energy

Efficiency and Renewable Energyd://www.eere.energy.gov), the Office ofossil Energy and

Carbon Managemenh(tps://www.energy.qgov/fecm/officefossitenergyand-carbon

managemeny, the Office of Nuclear Ergy http://www.enerqgy.gov/ne/officenuclearenerqy),

and the Office of Electricity{tps://www.energy.gov/oe/officeelectricity).

B. SBIR/STTRROGRAMDVERVIEW

TheSmall Business Innovation Research (SBIR) and Small Business Technology Transfer (STTR)
programs are Governmesnwide programs authorized under Section 9 o thmall Business Act

(15 U.S.C. §638). The objectives of the SBIR program are to (1) stimulate technological
innovation in the private sector, (2) strengthen the role of Small Business Concerns in meeting
Federal R&D needs, (3) increase private seaarrercialization of innovations derived from

Federal R&D activities, (4) foster and encourage participation by socially and economically

1 OMB Circular A1 (ttps://www.whitehouse.gov/wpcontent/uploads/2018/06/all_web_toc.pdif Section 84,

pg. 3.
20OMB Circular A1 (https://www.whitehouse.gov/wpcontent/uploads/2018/06/a1l_web_toc.pdf), Section 84,

pg. 3.
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disadvantaged and womeowned Small Business Concerns, and (5) improve the return on
investment from Federally funde@search and economic benefits to the Nation. The objective
of the STTR program is to stimulate cooperative partnerships of ideas and technologies
between Small Business Concerns and partnering Research Institutions through Federally
funded R&D activities.

ARPAE administers a joint SBIR/STTR program in accordance with the Small Business Act and
the SBIR and STTR Policy Directive issued by the U.S. Small Business Administration (SBA).
ARPAE provides SBIR/STTR funding in three phases (Phase I, Phase Il, and Phase IIS).

C. PROGRAMOVERVIEWVANDOBJECTIVES

This announcement is purposely broad in sgagoed will cover a wide range of topics to
encourage the submission of the mashovativeand unconventionaideas in energy
technology. Theobjective of this solicitation is to support higisk R&D leading to the
development of potentially disruptive new technologies across the full spectrum of energy
applications Topics under this FOAlvexplore new areas of technology development that, if
successful, could establish new program areas for ARRA complement the current portfolio
of ARPAE programs.

Applications to this solicitation ost have the potentialor highimpactt if succeshul, it could
create a new class or new trajectory for @mergy technologywith the potential to make a
significant impacton ARPAQa aAadaizy ! NBlFa 6asSS {SOliAzy L oI

Awards under this program may take the form of analyses or exploratory researcbrtvades
the agency with information useful for the subsequent development of focused technology
programs. Alternatively, awards may support pradfconcept research for a particular new
technology, either in an area not currently supported by the agem@s a potential
enhancement to an ongoing focused technology program.

D. EXPLORATORNOPICSOVERVIEW

This FOA will only accept applications in prespecHigoloratoryTopics. Specific areas of
interest and relevant deadlines will be posted on the ARRSXCHANGE websitétps://arpa-
e-foa.energy.qoy For your convenience you canbscribe tothe ARPAEmailing listto receive
ARPAE nevgletters and news alertsas well as updates on when n&xploratoryTopics are
posted

3 Research Institutions include FFRDCs, nonprofit educational institutions, and other nonprofit research organizations owned
and operated exclusively for sciemtipurposes. Eligible Research Institutions must maintain a place of business in the United
States, operate primarily in the United States, or make a significant contribution to the U.S. economy through the payment of
taxes or use of American products, teaals, or labor.

4 SeeB5 Fed. Regb0062(Aug. 17, 202D
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EachExploratoryTopicannouncement Wl be visible orARPAEeXCHANGE asapporting FOA
document ExploratoryTopic details will only be visible @XCHANGE while the notice is
accepting applications. Once the topic deadline has passed the notice will be taken down and
ARPAE will no longer be aepting applications in that are&ARPAE will only review

applications that areesponsive tahe Explordory Topic(s)pen at the time the application is
submitted.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
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Il. AWARDINFORMATION

A. AWARDOVERVIEW

SeeExploratoryTopic Table and Topic Appendices for total amounts and anticipated number of
awards for eacfiopic.

SeeExploratoryTopic Table and Topic Appendices for the total period of performance for a
CombinedPhase I/ll Award or Combin&hase I/11/1IS Award.

ARPAE will accept only new submissions under this FOA. Applicants may not seek renewal or
supplementation of their existing awards through this FOA.

Unless otherwise stated in tHexploratoryTopic, ARPAE plans to fully fund negotiated budgets
at the time of award.

Applicants must apply for a Combined Phase I/1I/IIS Aartkss the applicable Topic

Appendix states otherwise)Combined Phase I/1/1IS Awarde intended to develop

transformational technologies with disruptivmmercialpotential. Such commercial

potential may be evidenced by (1) the likelihood of folowfunding by private or non

SBIR/STTR sources if the project is successful, or (2) the Small Business Concern's record of
successfully commercializing techogies developed under prior SBIR/STTR awards. Phase IS
FglFNRa INBX I aaSljdsSSyiAlrté o0APSPT T RRAGAZ2YIT O
development of promising energy technologies. CombiRkdse I/11/11S awards may be funded

up to $4,241580. Funding amounts will be consistent with the Phase | and Phase Il limits
L2aldSR 2y GKS {.1Qa gSoaritasSao

ARPAE reserves the right to select all or part of a proposed project (i.e. only Phase I, or only
Phase | and Phase Il). In the event that /ARRelects Phase | only or Phase I/l only, then the
maximum award amount for a Phase | awar$285,924and the maximum amount for a Phase
I/l award is$2,268,752

B. RENEWAIAWARDS

AtARPA Qa4 a42fS RAAONBUGAZ2YZ g NRa NBadz dAy3 FNB)Y
more budget periodextending the period of performance of the initial award, or a new award.

Renewal funding is contingent on: (1) availability of funds appatgal by Congress for the

purpose of this program; (2) substantial progress towards meeting the objectives of the

approved application; (3) submittal of required reports; (4) compliance with the terms and

5 For current SBIR Phase | and Phase Il funding amountsttgeg/www.sbir.gov/about/aboutsbir. For current
STTR Phase | and Phase Il funding amounts$itigese//www.sbir.gov/about/aboutsttr. Phase 1IS funding amounts
are equal to Phase Il funding amounts lbath SBIR and STTR awards
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conditions of the award; (5) ARFEAapproval of aenewal application; and (6) other factors
identified by the Agency at the time it solicits a renewal application.

C. ARPAEFUNDINGAGREEMENTS

Through Grants, Cooperative Agreemertthier transactions, and similar agreements, ARPA
provides financial and other support to projects that have the potential to realize ARRA
statutory mission. ARPR does not use such agreements to acquire property or services for
the direct benefit or usefathe U.S. Government.

1. GRANTS

A Grant is a legal instrument that is used to provide Federal financial assistance or other things
of value to carry out a public purpose of support or stimulation authorized by Federal statute.
Grants are distinguished from Cooperative Agreements inttiet do not provide for

substantial involvement between the Federal awarding agency (in this case BRIP4 the
Recipient.

2. COOPERATIVAGREEMENTS

Congressdirected ARPA (12 aSadlofAaK YR Y2YAU2NI LINRP2SO0
projects quicky, and just as quickly terminate or restructure projects if such milestones are not

I OK A § @&rdingly, ARRE has substantial involvement in the direction of every

Cooperative Agreemenas described in SectiorObelow.

Phase | will be madas a fixeeamount award. Phase Il and Phase |IS of Combined Phase I/1I/IIS
awards will be made on a cestimbursement basis.

Any Federally Funded Research and Development Centers (FFRDC) involved as a member of a
Project Team mugtrovide the information requested it K BFRBC Ldbdz(i K2 NA T | G A2y ¢ |
GCASER 22NJ] tNRLRalfé¢ aSOtrazy 2F ©K§S . dzaAySaa
adzo YAGUSR 6AGOK GKS ! LI AOFydGQa cCdzf £ ! LILI AOI GA
When aFFRDC/DOE Labasubrecipient ARPAE executes a funding agreement directly with

the FFRDC/DOE Lahd a single, separate Cooperative Agreement withPrime Recipient,

the lead entity forthe rest of the Project Team. Notwithstanding the use of multiple

agreements, the Prime Recipient under the Cooperative Agreement is the lead organization for

the entire project, including all work performed by tRERDC/DOE Lahd the rest of the

Proje¢ Team.

6U.S. Congress, Conference Report to accompany th€e@atury Competitiveness Act of 2007, H. Rpt.-289 at
171-172 (Aug. 1, 2007).

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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Funding agreements with DOE/NNSA FFRDCs take the form of Work Authorizations issued to
DOE/NNSA FFRDCs through the DOE/NNSA Field Work Proposal system for work performed

under Department of Energy Management & Operation Contracts. Funding agnéemith
non-DOE/NNSA FFRDCs, GOGOs (including NETL), and Federal instrumentalities (e.qg.,

Tennessee Valley Authority) will be consistent with the sponsoring agreement between the U.S.
Government and the Laboratory. Any funding agreement witiF@RDC d8OGO will have

similar terms and conditions as ARPAQ a4 a2 RSt / 22 Liitds:llalp@S ! ANBSYSyY
e.enerqgy.gov/technologies/projeaiuidance/preawardquidance/fundingagreements.

NonDOEGOGOs and Federal agencies may be proptusprbvide support to the @ject
Team memberonl y | LILI A O,lthyoligh & Cobjiditi8eSResearch and Development
Agreement (CRADA) or similar agreement.

ARPAE encourages Prime Recipients to review the Model Cooperative Agreement, which is
available ahttps://arpa-e.enerqgy.gov/technologies/projeauidance/preaward
quidance/fundingagreements

D. FEDERASTEWARDSHIP

ARPAE will exercise Federal stewardship in overseeing the project activities performedainder
grant Stewardship activities include, but are rimhited to, conducting site visits; reviewing
performance and financial reports; providing technical assistance and/or temporary
intervention in unusual circumstances to correct deficiencies which develop during the project;
assuring compliance with ternand conditions of the Award; and reviewing technical
performance during and after project completion to ensure that the Award objectives are
being/have been accomplished.

E. STATEMENT CBUBSTANTIAINVOLVEMENT

ARPAE is substantially involved in the direstiof Cooperative Agreemenfsom inception to
completion. For the purposes of an ARPAroject, substantial involvement means:

f Project Teams must adhere to AR®PA &  |-sEeSific @il programmatic
requirements.

1 ARPAE may intervene at any time the conduct or performance of work under an
award.

1 ARPAE does not limit its involvement to the administrative requirements of an award.
Instead, ARPE has substantial involvement in the direction and redirection of the
technical aspects of the projecsa whole.

1 ARPAE may, at its sole discretion, modify or terminate projects that fail to achieve
predetermined Go/No Go decision points oclieical milestones and deliverables.

1 During award negotiations, ARFAProgram Directors and Prime Recipientsualky
establish an aggressive schedule of quantitative milestones and deliverables that must

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).

AR311-09.16


https://arpa-e.energy.gov/faq
mailto:ARPA-E-CO@hq.doe.gov
mailto:ExchangeHelp@hq.doe.gov
httpss://arpa-e.energy.gov/?q=site-page/funding-agreements
httpss://arpa-e.energy.gov/?q=site-page/funding-agreements
httpss://arpa-e.energy.gov/technologies/project-guidance/pre-award-guidance/funding-agreements
httpss://arpa-e.energy.gov/technologies/project-guidance/pre-award-guidance/funding-agreements

-13-

be met every quarter. In addition, ARBA gAf f ySI20GAF GSD2eyR Sall ¢
milestones for each projectf the Prime Recipient fails to achieve any of ¢h® 2 k b 2

D2¢é¢ YAfSahz2ySa 2NJ G6SOKyAOIf YAtSadzkySa |yR
Contracting Officer, ARPAmay at its discretion renegotiate the statement of

project objectives or schedule of technical milestones and deliverables forrthech

In the alternative, ARRE may suspend or terminate the award in accordance with 2
C.F.R§8200.33 ¢ 200.343.

ARPAE may provide guidance and/or assistance to the Prime Recipient to accelerate

the commercial deployment of ARFE&unded technologes. Guidance and assistance

provided by ARRE may includeoordination with other Government agencies and

nonprofits’ to provide mentoring and networking opportunities for Prime Recipients.

ARPAE may also organize and sponsor events to educate PratipiBnts about key

barriers to the deployment of their ARA&funded technologies. In addition, AREBA

may establish collaborations with private and public entities to provide continued

support for the development and deployment of ARBAInded technolgies.

GSNY Gy2yLINRTAG 2NEBFYATFGA2YE 2N AaYy2YyLINRPTAGE A& RS

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
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I1l. BLIGIBILITWNFORMATION

A. H IGIBLAPPLICANTS

1. SBIFRELIGIBILITY

SBA rules and guidelines govern eligibility to apply to this F@Ainformation on program
eligibility, please refer to the SBIR/STTR webaitailable ahttps://www.sbir.goy, and to the
GOt AFAOAT AGEE &S00 A Rys/Favebirgoviabow { ¢ ¢ w LINE INI Ya

A Small Business Concémay apply as a Standalone Applicamt asthe lead organization for

a Project Tean®? If applying as the lead organization, the Small Business Concern must

perform at least 66.7% of the work in Phase | and at least 50% of the work in Phase Il and Phase
IIS, as measured by the Total Project Gbst.

C2NJ AYTF2NXYI A2y 2y StAIAOATtAGE a | {YIff . dza
(https://www.sba.gov/content/ami-smallbusinessconcern.

2. STTHEIGIBILITY

SBA rules and guidelines govern eligibility to apply to this FOAinformation on program
eligibility, please refer the SBIR/STTR website, availalbipst//www.sbir.goy, and tothe
GOt AFAOAT AG@E &S00 ARys:/Havebirgovebow { ¢ ¢ w LINE INI Ya

Only a Small Business Concern @pplyas the lead organization for a Project Teaihe

Small Bumess Concern must perform at least 40% of the work in Phase |, Phasedt, and/

Phase IIS, as measured by the Total Project Cost. A single Research Institution must perform at
least 30% of the work in Phase |, Phase II, and/or Phase 1IS, as meastmed biat Project

/| 2300 tfSIFAS NBFSNI G2 {SOGA2Y LLL®. d&m 27F (K
participation in STTR projects.
C2NJ AYTF2NNVIGA2Yy 2y StAIAOoOATtAGE a | {YIfft . dz

(https://www.sba.gov/content/ami-smaltbusinessconcern.

8 A Small Busiess Concern is a fgrofit entity that: (1) maintains a place of business located in the United States;
(2) operates primarily within the United States or makes a significant contribution to the United States economy
through payment of taxes or use of Anmcan products, materials or labor; (3) is an individual proprietorship,
partnership, corporation, limited liability company, joint venture, association, trust, or cooperative; and (4) meets
the size eligibility requirements set forth in 13 C.BR21.702. Where the entity is formed as a joint venture,

there can be no more than 49% participation by foreign business entities in the joint veStuedl Business
Concerns that are ajority-owned bymultiple venture capital operatingcompanies hedgefunds, orprivate equity
firmsare eligible to apply to this FOA.

ol q{GryRIFIf2yS 1T LI AOlIyYyide A& Fy ! LIIXAOFY(d OGKFG FLILX ASa
10 A Project Team consists of the Prime Recipient, Subrecipients, and othesentiadf or otherwise supporting

work under an ARPE funding agreement

1 The Total Project Cost is the sum of the Prime Recipient share and the Federal Government share of total
allowable costs. The Federal Government share generally includes asteihbyGOGOs-FRDCand GOOs.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A

Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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3. JOINTSBIRANDST THELIGIBILITY

An Applicant that meets both the SBIR and STTR eligdritityia above may request both SBIR
and STTR funding if:

1 The Small Business Concern is partnered with a Research Institution;

1 The Small Business Concern performs at least 66.7% of the work in Phase | and at least
50% of the work in Phase Il and/or Ph#i§&(as applicable), as measured by the Total
Project Cost;

1 The partnering Research Institution performs383% of the work in Phase | and-30
50% of the work in Phase Il and/or Phase IIS (as applicable), as measured by the Total
Project Cost; and

1 The Pmcipal Investigator (Pl) is employed by the Small Business Concern. If the Pl is
employed by the Research Institution, submissions will be considered only under the
STTR program.

B. ELIGIBLEBJBRECIPIENTS

1. RESEARCHSTITUTIONS

A Researcinstitution'?2 may apply only as a member of a Project Team (i.e., as a Subrecipient
to a Small Business Concern). In STTR projects, a single Research Institution must perform at
least 30%, but no more than 60%, of the work under the award in Phase & Phasd/or

Phase IIS (as applicable), as measured by the Total Project Cost.

2. OTHERPROJECTEAMMEMBERS

The followingentities are eligible to apply f@BIR/STTiRnding as a member of a Project Team
(i.e., as a Subrecipient to a Small Business Concern):

1 Forprofit entities, including Small Business Concerns

1 Nonprofits other than Research Institutidss

1 GovernmentOwned, Government Operated laboratories (GOGOS)
1 State local, and tribal government etigs

12 Research Institutions include FFRDCs, nonprofit educational institutions, and other nonprofit research
organizations owned and operated exclusively for scientific purposes. Eligible Research Institutions must mainta
a place of business in the United States, operate primarily in the United States, or make a significant contribution
to the U.S. economy through the payment of taxes or use of American products, materials, or labor.

BNonprofit organizationslescribed in section 501(c)(4) of the Internal Revenue Code of 1986 that engaged in
lobbying activities after December 31, 1995 are not eligible to apply for funding as a Subrecipient.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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q Foreign entitie&*

In SBIR projects, Project Team members other than the lead organization, including but not
limited to Research Institutions, may collectively perform no more than 33.3% of the work
under the award in Phase | and no more than 50%h@fwork under the award in Phase Il
and/or Phase 1IS. This includes efforts performed by Research Institutions.

In STTR projects, Project Team members (other than the lead organization and the partnering

Research Institution) may collectively perform more than 30% of work under the award in
Phase |, Phase Il, and/or Phase IIS.

C. H IGIBLIPRINCIPAINVESTIGATORS

1. SBIR

For the duration of the award, the PI for the proposed project (or, if multiple Pls, at least one
Pl)must beemployed by, angerform more than 50% of his or her work for, the Prime
RecipientTheContracting Officemaywaivethis requirementor approve the substitution of

the PI after consultation with the ARFASBIR/STTR Program Director.

For projectswith multiple Pls, ateast one Pl must meet the primary employment requirement.
That PI will serve as the contact PI for the Project Team

2. STTR

For the duration of the award, the PI for the proposed project (or, if multiple Pls, at least one
PI) must be employed by, and ff@em more than 50% his or her work for, the Prime Recipient
or the partnering Research Institution. The Contracting Officer may waive this requirement or
approve the substitution of the PI after consultation with the AHPBBIR/STTR Program
Director.

Fa projects with multiple Pls, at least one Pl must meet the primary employment requirement.
That PI will serve as the contact PI for the Project Team.

D. B.IGIBILITY dRRIORSBIRRNDSTTRAWARDEESSBABENCHMARKS ARROGRESS
TOWARDSOMMERCIALIZATION

ApLJt AOFyida gl NRSR YdzZf GALX S LINA2NJ {.Lw 2NJ {¢cw
requirements for progress towards commercialization before ARPAay issue a new Phase |

14 All work by foreign entities must be performed by subsidiaries dliatéfs incorporated in the United States (see
Section I\E.6 of the F@). However, the Applicant may request a waiver of this requirement in the Business
Assurances: Disclosuregorm submitted with the Full Application.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A

Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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award. For purposes of this requirement, Applicants are assessed using their prier Rhds

Phase Il SBIR and STTR awards across all SBIR agencies. If an awardee fails to meet either of the
benchmarks, that awardee is not eligible for an SBIR or STTR Phase | award and any Phase II
award for a period of one year from the time of the detenation.

ARPAO | LILXE ASa (2 oO0SYOKYIN] NIXaGdSa | RRNBaaay3a Iy
commercialization: (1) the DOE Phase Il Transition Rate Benchmark and (2) the SBA
Commercialization Rate Benchmark:

1 The DOE Phase Il Transition Rate Benchmarkhsetainimum required number of
Phase Il awards the Applicant must have received for a given number of Phase | awards
received during the specified perio@his Transition Rate Benchmark applies only to
Phase | Applicants that have received more than 20 Rhiaawards during the last five
(5) year period, excluding the most recently completed fiscal y@ar 5h9Qa tKIa&as
Transition Rate Benchmark requires that 25% of all Phase | awards received over the
past five years transition to Phase Il awards.

The SBIR/STTR Phase Il transition rates and commercialization rates are calculated using
GKS RIGF Ay GKS {.!1 Q&4 ¢SOKbSG RFOGFO6lF&aSed C2
requirements, awardee firms are assessed once a year, on June 1st, using their prior

SBIR ath STTR awards across all agencies. SBA makes this tabulation of awardee

transition rates and commercialization rates available to all federal agencies.-ARPA

uses this tabulation to determine which companies do not meet the DOE benchmark

rates and are,lerefore, ineligible to receive new Phase | awards.

! The Commercialization Rate Benchmark sets the minimum Ph&smifimercialization
results that an Applicant must have achieved from work it performed under prior Phase
Il awards (i.e. this measures hnLJLJt A OF y 1 Q& LINRPINBK&a FNRBY t KI:
[l awards)This benchmark requirement applies only to Applicants that have received
more than 15 Phase Il awards during the last 10 fiscal years, excluding the two most
recently completed fiscal yars.

The current Commercialization Benchmark requirement, agreed upon and established

by all 11 SBIR agencies, is that the Applicants must have received, to date, an average of
at least $100,000 of sales and/or investments per Phase Il award receieae

received a number of patents resulting from the relevant 8BIRRvork equal to or

greater than 15% of the number of Phase Il awards received during the period.

S Phase Il refers to work thaedves from, extends or completes an effort made under prior SBIR/STTR funding
agreements, but is funded by sources other than the SBIR/STTR Program. Phase Il work is typically oriented

towards commercialization of SBIR/STTR research or technology oF@information please refer to the Small

. dzZaAYySaa ! RYAYAAUNI GA2yQa a{YlItft .dzaAySaa Lyy20lIGA2y w!
6{¢ecw0 tNBINIY t NP hihhs/Mww.sbif.gbvsies/defmNBIQBRIBDS ¢ |

STTR_Policy Directive 2019.pdf

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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1 On June 1 of each year, SBIR/STTR awardees registered on SBIR.gov are assessed to
determine if they meet the Phase Il Transition Rate Benchmark requirement. (At this
time, SBA is not identifying companies that fail to meet the Commercialization Rate
Benchmark requirement). Companies that fail to meet the Phase Il Transition Rate
Benchmark a of June 1 of a given year will not be eligible to apply to an SBIR/STTR FOA
for the following year.For example, if SBA determined on June 1, 2017 that a small
business failed to meet the Phase Il Transition Rate Benchmark requirement, that small
business would not be eligible to apply to an ARPSBIR/STTR FOA from June 1, 2017
to May 31, 2018.

E. COSTHARING®
Cost share is not required for this FOA.
F. OTHER

1. COMPLIANTRITERIA
Full Applications are deemed compliant if:

The Applicant meets the eligibility requirementsSaction Ill.4f the FOA,;

The Full Application complies with the content andni requirements irSection IMCof

the FOA; and

1 The Applicant entered all required information, successfully uploaded all required
R20dzySydaz IyR Of A Ol SRE eXRKANGH byzligplaratary o dzi G 2 y
Topicsubmissiordeadline stated imable 1 of this FOA.

1
1

FullApplications found to beoncompliantmaynot be merit reviewed or considered for
award ARPAEmaynot review or considenoncompliant Full Applications, including Full
Applicationssubmitted through other meang;ull Applicationsubmitted after the applicable
deadline,andincomplete Full Applications A Full Application is incomplete if it does not
include required information and documents, such as Forré28randSF424A. ARPAE will
not extend the submission deadline for Applicants that fail to submit required informatioin
documents due to server/connection congestion.

If applicable to theExploratoryTopic (refer to Table 1Replies to Reviewer Comments are
deemed compliant if:

1 The Applicant successfully uploads its response to AREACHANGE by the deadline
stated in the FOA; and

16 Please refer t@ection VI.B-& ofthe FOA for guidance on cost share payments and reporting.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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The Replies to Reviewer Comments comply with the content and form requirements of
Section I\D of the FOA.

ARPAE will not review or consider nonswliant Replies to Reviewer Comments, including
Replies submitted through other means and Replies submitted after the applicable deadline.
ARPAE will not extend the submission deadline for Applicants that fail to submit required
information due to servéconnection congestion. ARFAwill review and consider each

compliant and responsive Full Application, even if no Reply is submitted or if the Reply is found
to be noncompliant.

2. RESPONSIVENESSITERIA

ARPAE performs a preliminary technical review of Full Applicatidrige following types of
submissionsnaybe deemed nonresponsive ameay not be reviewed or considered:

T

1
1

= =

Submissionghat fall outside the technical parameters specifiedhie ExploratoryTopic
Appendix

Submissionghat have been submitted in response to currently issued ARFE®AS.
Submissionghat are not scientifically distinct from applications submitted in resgon

to currently issued ARPEA FOAs.

Submission$or basic research aimed solely at discovery and/or fundamental knowledge
generation.

Submission$or largescale demonstration projects of existing technologies.
Submission$or proposed technologies that peesent incremental improvements to
existing technologies.

Submission$or proposed technologies that are not based on sound scientific principles
(e.g., violates a law of thermodynamics).

Submission$or proposed technologies that are not transformationas described in
Section |.A0f the FOA.Submission$or proposed technologies that do not have the
potential to become disruptive in nature, as describe&ection |./0f the FOA.
Technologies must be scalable such that they could be disruptivesuifticient

technical progress.

Submissionghat are notdistinctin scientific approaclr objectivefrom activities

currently supportedby or actively under consideration for funding by any other office
within Department of Energy.

Submissions that areon distinctin scientific approaclor objectivefrom activities

currently supported by or actively under consideration for funding by other government
agencies or the private sector.

Submissionthat do not propose a R&D plan that allows ARP# evaluate the
submission under the applicable merit review criteria provided in Section V.A of the
FOA.

Submissions that do not propose a Combined Phase I/ll/lIS Award, as described in
Section II.A of ta FOAunless the applicable Topic Appendix states otherwise)

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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EachExploratoryTopicmayalso include a sectioentittedd { dzo YA aaA 2y a { LISOA TA OI
LYGdSNBalodeé {dzoYAaaArzya UGKI gectibdN®enadEEapbrataryl Sya O2y
Topic mg be deemed nonresponsive and may not be reviewed or considered

3. LIMITATION ONNUMBER OSJUBMISSIONS

ARPAE is not limiting the number aubmissions from\pplicants. Applicants may submit more
than oneapplication toead ExploratoryTopicattached tothis FOA, provided that each
application is scientifically distinct.

Small business ApplicariisK | 4 lj dzI €t A& | & | Yindy¥dplytb only de afy S&a a /
the two ARPAS Exploratory TopicEOAdor eachExploratoryTopics DEFOA0002785

(Exploratory TopicSBIR/STTR), or BBA00MR784 Exploratory Topigs Small businesses that

jdzt t AFTe & a{YlFLftf .dzaAAySaa /2yOSNya¢ INB aiNp
0{.Lwk{¢¢w Ch! 0 ¢ 2 RS SENMEA Y R ySOISARIAE 0 iy ARIBINI 1530
0002785(SBIR/STTR), please review the eligibility requirements in SectiorgslllIDAof that

FOA.

7 Please refer to the U.S. Small Business Administration (SBA) wbSiteall Business Concern is apfafit

entity that: (1) maintains a place of business located in the United States; (2) operates primarily within the United
States or makes a significant contribution to the United States economy through payment of taxes or use of
American products, materials or labdB) is an individual proprietorship, partnership, corporation, limited liability
company, joint venture, association, trust, or cooperative; and (4) meets the size eligibility requirements set forth
in 13 C.F.R8 121.702. Where the entity is formed asjaint venture, there can be no more than 49% participation
by foreign business entities in the joint venture.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
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V. APPLICATION ANBUBMISSIONNFORMTION

A. APPLICATIORROCESGVERVIEW

1. REGISTRATION 8BACOMPANYREGISTRY

The first step in applying to this FOA is registering in the U.S. Small Business Administration
(SBA) Company Registhytp://sbir.gov/registration). Upon completing registration,

Applicants will receive a unique small business Control ID and Registration Certificate in Adobe
PDF format, which nyabe used at any participating SBIR and STTR agencies. Applicants that
have previously registered in the SBA Company Registry need not register again.

Applicants must submit their Registration Certificate in ARRXCHANGEttps://arpa-e-
foa.energy.goyas part of their Full Application (s&ection IMC.60f the FOA).

2. REGISTRATION ARPAEeXCHANGE

Thesecondstep in applying to this FOA is registration in ABRXCHANGE, ARPR A 2y f Ay S
application portal. For detailed guidance on using ABRXCHANGE, please refeSartion

IVG12F (GKS Ch! -EgXRHANGESerDidrAvRIEhS://ada-e-
foa.energy.gov/Manuals.aspx

3. FULLAPPLICATIONS

Applicants must submit a Full Application by fxploratoryTopic Full Application Submission
Deadlinestated inTable 1 othis FOA.Section IMCof the FOA provides instructions on
submitting a Full Application.

ARPAE performs a preliminary review of Full Applications to determine whether they are
compliantand responsive, as describedSection lll.lef the FOA.FullApplications found to be
noncompliant or nonresponsivaaynot be merit reviewed or considered for awardRPAE

makes an independent assessment of each compliant and responsive Full Application based on
the criteriaand program policy factors fBections V.A.and V.B.1Jf the FOA.

4, REPLY TBEVIEWEROMMENTS

If applicable to theexploratoryTopic(refer to Table }, once ARP£ has completed its review

of Full Applications, reviewer comments on compliant and responsive Full Applications are
made available to Applicants via ARPAXCHANGE. Applicants may submit an optional Reply
to Reviewer Comments, wiianust be submitted by the deadline stated in the FG#&ction

IV D of the FOA provides instructions on submitting a Reply to Reviewer Comments.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A

Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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ARPAE performs a preliminary review of Replies to determine whether they are compliant, as
described irSection 11D of the FOA. ARPRwill review and consider compliant Replies only.
ARPAE will review and consider each compliant and responsiveApplication, even if no

Reply is submitted or if the Reply is found to be foampliant.

5. PRESELECTIOMLARIFICATIONS ANDBWN-SELECGTPROCESS

Once ARP£ completes its review of Full Applicatioted Replies to Reviewer Commerits

applicable)jit Yl &> 0 GKS / 2y Nbnlucthayreseldotbrifcladiaiidla RA & O
process and/ot.JS NJF 2 NI -alS t SROAigYy 2 F  Cdzf f thé présklecton G A2y a @ (
clarification processr downselect processARPAE may obtain additional inforntian from
selectApplicants through preselection meetings, webinars, videoconferences, conference calls,

written correspondencegr site visits that can be used to make a final selection determination.

ARPAE will not reimburse Applicants for travel aother expenses relating to preelection

meetingsor site visits, nor will these costs be eligible for reimbursement asaprard costs.

ARPAE may select applications faward negotiationgind make awards without preelection
meetings and siteisits. Participation in a preelection meeting or site visit with ARIEAdoes
not signify that Applicants have been selected for award negotiations.

6. SELECTION FE@RVARDNEGOTIATIONS

ARPAE carefully considers all of the information obtained througle @ipplication process and
makes an independent assessment of each compliant and responsive Full Application based on
the criteria and program policy factors $ections V.A.and V.B.1Jf the FOA.The Selection

Cfficial may selectll or part ofa Full Aplication for award negotiationsThe Selection Official

may also postpone a final selection determination on one or more Full Applications until a later
date, subject to availability of funds and other factors. AIRRMill enter into award

negotiationsonly with selected Applicants.

Applicants are promptly notified of ARBAG@&ectiondetermination. ARPA may stagger its
selection determinations. As a result, some Applicants may receive their notification letter in
advance of other Applicants. Please refeSection VI.Af the FOA for guidance on award
notifications.

B. APPLICATIORORMS

Required forms for Full Applications are available on ARBXCHANGEHtt{ps://arpa-e-

foa.energy.goy, including the SB24 and Budget Justification Workbook/&F4A. A ample Summary
Slide is available on ARIEAeXCHANGE. Applicants may use the templates available ofEARPA
eXCHANGE, includitize template for the Technical Volume of the Full Application, the template for
the Summary Slide, the template for the SummamyRublic Releas#he template for the Reply to

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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Reviewer Commentand the template for the Business Assurances & Disclosures Form. A sample
response to the Business Assurances & Disclosures Form is available e ARPAANGE.

C. CONTENT ANBORM OHFULLAPPLICATIONS

Full Applications must conform to the following formatting requirements:

1 Each document must be submitted in the file format prescribed below.

1 The Full Application must be written in English.

1 All pages must be formatted to fit orB2 by 11 inch paper with margins not less
than one inch on every side. Single space all text and use Times New Roman
typeface, a black font color, and a font size of 12 point or larger (except in figures
and table$.

1 The ARP# assigned Control Number, the Lead Organization Name, and the
t NAYOALIf Ly@SadAalridz2Nna [Fad blYS Ydzald o
corner of the header of every page. Page numbers must be included in the footer of
every page

Full Applications found to be noncompliant or nonresponsive may not be merit reviewed or
considered for awardseeSection lll.féf the FOA).

Each Full Application should be limited to a single concept or technology. Unrelated concepts
and technologes should not be consolidated in a single Full Application.

Fillable Full Application template documents are available on ARPACHANGE at
https://arpa-e-foa.energy.gov

ARPAE provides detailed guidance on the content and form of each component below.

Full Applications must conform to the content requirements described below.

Component Required Description and Information
Format
Technical Volume PDF Thecenterpiece of the Full Application. Provides a detailed description of]

proposed R&D project and Project Tiea

SF424 PDF Application for Federal Assistan@gplicants are responsible for ensuring
that the proposed costs listed in eXCHANGE match those listed on forms
424 and SH24A. Inconsistent submissions may impact ARPRa T A Y]
determination.

Budget XLS Budget Informatiorg Non-Construction Programéittps://arpa-e-
Justification foa.energy.goy

Workbook/SF

424A

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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Assurances &
Disclosures Form

Summary for PDF Short summary of thproposed R&D project. Intended for public release.

Public Release

SBA Company PDF Registration Certificate generated upon completion of registration in the

Registration Company Registritp://sbir.gov/registraion).

Certificate

Certification for | PDF Requires SBIR Applicants that arejority-owned by multiple venture capita

Applicants operating companies, hedge funds, or private equity firms or that are join

Majority-Owned ventures minorityowned by a foreign entity to seiflentify, provide certain

by Multiple information, and verify registration as such in the SBA gaowm Registry

Venture Capital (http://sbir.gov/registration).

Operating

Companies,

Hedge Funds, or

Private Equity

Firms (if

applicable)

Summary Slide | PPT A fourpanel project slide summarizing different aspects of the proposed
project.

Business PDF Applicants should provide comprehensive responses to the questions on

form. Requires the Applicant to acknowledge eligijpwith SBIR/STTR
program requirements, make responsibility disclosures, and disclose cor
of interest within the Project Team. Requires the Applicant to describe th
additionality and risks associated with the proposed project, disclose
applicatins for funding currently pending with Federal and fieederal
entities, and disclose funding from Federal and #k@uleral entities for work
in the same technology area as the proposed R&D ptojean Applicant
Team Member is a FFRDC/DOE Lab, the taljisredto provide written
authorization from the cognizant Federal agency and, if a DOE/NNSA
FFRDC/DOE Lab, a Field Work Proposal. This form allows the Applicant
request a waiver or modification of the Performance of Work in the Unite
States requirerant. A sample response to the Business Assurances &
Disclosures Form is also available on ARRXCHANGE.

1.

ARSTCOMPONENTTECHNICAYOLUME

The Technical Volume must be submitted in Adobe PDF format. A Technical Volume template
is available ahttps://arpa-e-foa.energy.govExploratory Topics may have topic specifi

Technical Volumes The Technical Volume must confaimthe content and form

requirements included within the template, including maximum page lengths. If Applicants
exceed the maximum page lengths specified for each section, -ERR&review only the
authorized number of pages and disregard any additional page&RPA may determine that
the submission as a whole is noncompliant

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A

Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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Applicants must provide sufficient citations and references to the primary research literature to
justify the claims ad approaches made in the Technical Volume. ARRAd reviewers may
review primary research literature in order to evaluate applicatioHswever, all relevant
technical information should be included in the body of the Technical Volume.

2. SECONDBCOMPONENTSF424

The SH24 must be submitted in Adobe PDF format. This form is available onEARPA
eXCHANGE https://arpa-e-foa.enerqy.goyv

The SH24 includes instruabns for completing the form. Applicants must complete all required
fields in accordance with the instructiongpplicants may identify and include in Block 14 the
entities, their addresses, and corresponding census tract numbers for any project activitte
will occur within any designated Qualified Opportunity Zone (Q@g)locate Qualified
Opportunity Zones go tdittps://www.cdfifund.gov/opportunity-zones

Prime Recipients and Subrecipients are required to completd §KDisclosure of Lobbying
Activities), available dittps://www.grants.gov/forms/postawardreportingforms.html, if any
non-Federal funds have been paid or will be paid to any person for influencing or attempting to
influence an officer or employee of any Federal agency, a Member of Congress, an officer or
employee of Congress, an employee of a Member of Congress in connection with your
application or funding agreement. The completedLRE must be appended to the-&H.

ARPAE provides the following supplemental guidance on completing th423F

1 Each Project Teashould submit only one §R4 (i.e., a Subrecipient should not
submit a separate S424).

1 The list of certifications and assurances in Block 21 can be found at
http://energy.gov/management/downloads/certificatiorgand-assurancesise sf-
424.

1 The dates and dollar amounts on the & are for theantire period of
performance(from the project start date to the project end date), not a portion
thereof.

1 Applicants ae responsible for ensuring that the proposed costs listed in eXCHANGE
match those listed on forms 8R4 and SB24A. Inconsistent submissions may
impact ARP® Qa FTAYLFE g NR RSGUSNNYAYIFGAZ2Y D

3. THIRDCOMPONENTBUDGETUSTIFICATIOWORKBOOKS 424 A

Applicarts are required to complete the Budget Justification Workboold 3&A Excel
spreadsheet. This form is available on AIRRXCHANGE lattps://arpa-e-foa.energy.qov

Prime Reciignts must complete each tab of the Budget Justification Workbook for the project
as a wholeincluding all work to be performed by the Prime Recipient and its Subrecipients and

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A

Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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Contractors The SB24A form included with the Budget Justification Workbgok t f - & | dzi 2
LJ2 LJdzf F 6 S¢ Fa GKS ! LILJX AOI yi BpplicéisEhoukd\EaFetuday' | G A 2 Y
NBIFR G(KS a4LyaiGdNHzOGA2ya YR {dzYYIFINEE Gl 6 LINRODA

Subrecipient information must be submitted as follows:

1 Eah Subrecipient incurring greater than or equal to 10% of the Total Project Cost must
complete a separate Budget Justification workbook to justify its proposed budget.
These worksheets must be inserted as additional sheets within in the Pri@éR&A Sy (i Q &
Budget Justification.
1 Subrecipients incurring less than 10% of the Total Project Cogsibarequired to
complete a separate Budget Justification workboblawever, such Subrecipients are
required to provide supporting documentation to justify their proposed budgétisa
minimum, the supporting documentation must show which tasks/subtask$&eireg
performed, the purpose/need for the effort, and a sufficient basis for the estimated
costs.

ARPAE provides the following supplemental guidance on completing the Budget Justification
Workbook/SF424A:

1 Applicants may request funds under tappropriate object class category tabs as long
as the item and amount requested are necessary to perform the proposed work, meet
all the criteria for allowability under the applicable Federal cost principles, and are not
prohibited by the fundingestrictions described herein.

T LT tlFaGdSyd O2ada NS NBIldzSaGdSRY (KSeé& Ydzad o
(see Section I¥3 of the FOA for more information on Patent Costs).

1 Unless a waiver is granted by ARPAeach Project Team must spend aiskEb% of the
CSRSNIt FdzyRAYy3I O0APSPEI GKS LR2NIAZ2Yy 2F (KS
share) on Technology Transfer & Outreach (TT&O) activities to promote and further the
development and eventual deployment of ARBAInded technologies

T 1ff ¢¢agh O02ada NBI|jdzSaiSR Ydzad o0S Ay Of dzZRSR
identified as TT&O costs in the Budget Justification Workboek23RA with the costs
0SAY3 NBIdzSaGSR dzy RSNJ 4KS ahiKSNE 0dzR3ISG O
to achieving specific objectives, technical milestones and deliverables outlined in
Section 2.4 Task Descriptions of the Technical Volume.

1 For more information, please refer to the AREBAudget Justification Guidance
document athttps://arpa-e-foa.energy.gov

4, FOURTHCOMPONENTSUMMARY FORUBLIARELEASE

Applicants are required to provide a 250 word maximum Summary for Public Release. A
Summary for Public Release templatavailable on ARRE eXCHANGHti{ps://arpa-e-
foa.energy.goy The Summary for Public Release must be submitted in Adobe PDF format. This

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A

Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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summary should not include any confidential, proprietary, or privileged information. The
summary should be written for a lay audience (e.gnegal public, media, Congress) using plain
English.

250 Words SUMMARY Briefly describe the proposed effort, summarize its objective(s) and techn
FORPUBLIC || LILINBE | OKZ RS&AONAROS AdGa | 0Af Aed Bectior
RELEASE IC2F GKS Ch!' o0 YR AYyRAOI Sa maidma 2y
(see Section I.A of the FOA). The summary should be written at technica
suitable for a higkschool science student and is designed for public releag

INSTRUCTIONS:

(1) The Summgy for Public Releasghall not exceed 250 words and one
paragraph

(2) The Summary for Public Releaell consist only of textno graphics,
figures, or tables.

(3) For applications selected for award negotiations, the Summary may b
used as the basis for a piubaAnnouncement by ARF thereforethis
Cover Page and Summary should not contain confidential or propriete
information. See SectioNIlll of the FOA for additional information on
marking confidential information.

5. AFTHCOMPONENTSUMMARYSLIDE

Applicants are required to provide a single PowerPoint slide summarizing the proposed project.
The slide must be submitted in Microsoft PowerPoint format. This slide will be used during
ARPA Q& S @I f dzl G A 2y Azdnmaygside templdtelankl © sampdlesyimary
slide are available on ARFAeXCHANGHtt{ps://arpa-e-foa.energy.qoy

Summary Slides must conform to the content requirements described below:

ExploratoryTopic Name
A Technology Summary;
o Bullet points that describe novel aspects of the proposed technology and
technology approach;
! RSAONALIIAZ2Y 2F GKS GSOKy2f23&8Qa AYLI OGT
o Quantitative description (through text or graphic) of the impact the proposed
project will provide to the market and ARfEAmMission areas;
1 Proposed Targets;
o Including any important technical performance metrics and/or impact
categories;
o Including quatitative description of the state of the art;
o Including quantitative descriptions of the proposed targets;
1 Any key graphics (illustrations, charts and/or tables) summarizing technology
development and/or impact;
T ¢KS LINRr2SOiQa 1Se& ARSIFkiOGF{1StFsleT

il
1

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
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1 Project title and Principal Investigator information; and
1 Requested ARPE funds and proposed Applicant cost share.

6. SXTHCOMPONENT SBAREGISTRATIORERTIFICATE

Applicants are required to provide a copy of the SBA Registration Certificate generated in the
SBA Company Registhttp://sbir.gov/reqistration) in Adobe PDF format (see Section IV.A.1 of
the FOA). Applicants that have previously registered in the SBA Company Registry may submit
a copy their existing Registration Certificate.

7. SFVENHCOMPONENTCERTIFICATION FARPLICANTSIAJORITNXOWNED
BYMULTIPLMENTURKEAPITAIOPERATINGOMPANIESHEDGHUNDS AND
PRIVATHEEQUITYHRMSAND OR(B) JOINT VENTURES MINORDWNED BY A
FOREIGN ENTITY

Only those Applicants that are (a) majordwnedby multiple venture capital operating
companies, hedge funds, or private equity firms and/or (b) joint ventures minovityed by a
foreign entity are required to complete the Certification for Applicants Maje@ityned by
Multiple Venture Capital Operaitg Companies, Hedge Funds, and Private Equity Funds and
Joint Venture Applicants Minorit@wned by Foreign Business Entities (VCOC/FJV
Certification). The certification must be submitted in Adobe PDF fornTatis form is available
on ARPA eXCHANGE tps://arpa-e-foa.energy.gov

In the VCOC/FJV Certification, the Applicant is required tadseifify as an entity that falls into
one of those categories, provide certaimformation, verify its ownership status, and verify that
it has registered in the SBA Company Regibttp:(/sbir.gov/registration) as such an entity.

Applicants that araeither (a) majorityowned by multiple venture capital operating
companies, hedge funds, or private equity firms nor (b) joint ventures mirowtyed by a
foreign entity are not required to complete the VCOC/FJV Certification.

8. BHGHTHCOMPONENTBUSINESASSURANCES DISCLOSURIESRM

Applicants are required to provide the information requested in the Business Assurances &
Disclosures Form. The information must be submitted in Adobe PDF format. A fillable Business
Assurances & Disclosures Faemplate s available on ARFReXCHANGE #tps://arpa-e-
foa.energy.gov A sample response to the Business Assurances & Disclosures Form is also
available @ ARPA eXCHANGE.

As described ithe Business Assurances & Disclosures Form, the Applicant is required to:

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A

Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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T 101y26ftSR3IS G(GKIG AG KFra NBOASG6SR {.! Qa Sf
STTR programs and that it anticipates that it will be ableettify eligibility to
participate in ARPA Q& { . Lwk{ ¢¢w LINBPANIY G GKS GAYS

1 Disclose conditions bearing on responsibility, such as criminal convictions and
Federal tax liability

f Disclose conflicts of interest within the Project Team ad2 GA RS (1 KS- | LILI A «
to-date, written, and enforced conflict of interest policy in accordance with DOE
Interim COI Policy guidance at https://www.energy.gov/management/financial
assistancdetter-no-fal-202202

1 If a FFRDC/DOE Lab member of theProject Teamsubmit written authorization
from the cognizant Federal agency

1 If a DOE/NNSA FFRDC/DOE Lab is a subrecipient, submit a Field Work Proposal.

In addition, ARPA A& NBIljdZANBR o6& adl ddziS G2 al OO0OSt SNI
advancesrn areas that industry is by itself not likely to undertake because of technical and

FAYLF YOAL f 18dmAR@ddlice Witk ARPRCES A G F Gdzi2NE YIYyRIFIGST (K
required to:

Describe the additionality and risks associated with the propd&&D project
Disclose any applications for the same project or related work currently pending
with any Federal or nofrederal entities

1 Disclose all funding for work in the same technology area as the proposed project
received from any Federal or ndrederd entity within the last 5 years

)l
T

TheApplicant may use the Business Assurances & Disclosures Form to

1 Request authorization to perform some wodkerseaoutside of the United States;
and

1 Request a waiver of the TT&O spending requirentapplies for Topics dated April
18, 2023 and later)

D. CONTENT ANBORM OFREPLIES TRBEVIEWEROMMENTS

If Applicable to théexploratoryTopic(refer to Table }, written feedback on Full Applications is
made available to Applicants before the submission deadline for Replies to Reviewer
Comments. Applicants have a brief opportunity to prepare a short Reply to Reviewer
Comments responding to one or more commeotssupplementing their Ful\pplication.A
fillable Reply to Reviewer Comments template is available on ARPACHANGHEttps://arpa-
e-foa.energy.qoy

8 America COMPETES Act, Pub. L. Ne6218 5012 (2007), as amended (codified at 42 U.S.C. § 16538).

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
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Replies to Reviewer Comments must conform to the following requirements:

1 The Reply to Reviewer Comments must be submitted in Adobe PDF format.

1 The Reply to Reviewer Comments must be written in English.

1 All pages must be formatted to fit onrB2 by 11 inch paper with margins not less
than one inch on every side. Use Times New Roman typeface, a black font color, and
a font size of 12 points or larger (except in figures and tables).

1 The Control Number must be prominently displayed on the uppet dgmer of the
header of every page. Page numbers must be included in the footer of every page.

ARPAE may not review or consider noncompliant Replies to Reviewer Comments (see Section
[11.D of the FOA). ARPRwill review and consider each compliandaesponsive Full
Application, even if no Reply is submitted or if the Reply is found to be noncompliant.

Replies to Reviewer Comments must conform to the following content and form requirements,
including maximum page lengths, described below. Reply to Reviewer Comments is more
than three paes in lengttARPAE may review only the first three pages and disregard any
additional pages, or ARFAmay determine that the submission as a whole is noncompliant.

SECTION| PAGE LIMIT DESCRIPTION
Text 2 pages 1 Applicants may respond to one or more reviewer
maximum comments or supplement their Full Application.
Images 1 page 1 Applicants may provide graphs, charts, or other data to
maximum respond to reviewer comments aupplement their Full
Application.
E. INTERGOVERNMENTREVIEW

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

F. FUNDINGRESTRICTIONS

1. ALLOWABLEODSTS

All expenditures must be allowable, allocable, and reasonable in accordance with the applicable
Federal cost priciples. ARREhas listed the Federal cost principles for different categories of
Applicants ahttps://arpa-e.energy.gov/technologies/projegjuidance/postaward-guidance.

2. PREAWARDCOSTS

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A

Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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ARPAE will not reimburse any praward costs incurred by Applicants before they are selected
for award negotiations. Please refer to Section VI.A of the FOA for guidance on award notices.

Upon selection for award negotiations, Applicants may incergward costs at their own risk,
consistent with the requirements in 2 C.F.R. Part 200, as modified by 2 C.F.R. Part 910, and
other Federal laws and regulationsll submitted budgets are subject to change amd

typically reworked during award negotiatis. ARP4 is under no obligation to reimburse pre
award costs if, for any reason, the Applicant does not receive an award or the award is made
for a lesser amount than the Applicant expected, or if the costs incurred are not allowable,
allocable, or resonable.

3. PATENTCOSTS

For Subject Inventions disclosed to DOE under an award,-BER®Areimburse the Prime
Recipientg in addition to allowable costs associated with Subject Invention disclosue$o
$30,000 of expenditures for filing and pros#ion of United States patent applications,

including international applications (PCT application) submitted to the United States Patent and
Trademark Office (USPTO).

The Prime Recipient may request a waiver of the $30,000Mafe that, patentcosts are
considered to be Technology Transfer & Outreach (TT&O) costs (see Se€iboflthe FOA
below), and should be requested as such.

4, GCONSTRUCTION

ARPAE generally does not fund projects that involve major construction. Recipients are
required to obtain written authorization from the Contracting Officer before incurring any
major construction costs.

5. FOREIGNRAVEL

ARPAE generally does not fund projects that involve foreign traRekipients are required to
obtain written authorizatbn from the ARPA Program Director before incurring any foreign
travel costs and provide trip reports with their reimbursement requests.

6. PERFORMANCE ®¥ORK IN THEINITEDSTATES

ARPAE strongly encourages interdisciplinary and ciesstoral collaboratin spanning
organizational boundaries. Such collaboration enables the achievement of scientific and
technological outcomes that were previously viewed as extremely difficult, if not impossible.

ARPAE requires all work under ARIEAfunding agreements toe performed in the United
States. However, Applicants may request a waiver of this requirement where their project
would materially benefit from, or otherwise requires, certain work to be performed overseas.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
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Applicants seeking a waiver of this requirent are required to include an explicit request in

the Business Assurances & Disclosures Form, which is part of the Full Application submitted to
ARPAE. Such waivers are granted where there is a demonstrated need, as determined by
ARPAE.

7. PURCHASE OMEW EQUIPMENT

All equipment purchased under AREAunding agreements must be made or manufactured in

the United States, to the maximum extent practicable. This requirement does not apply to

used or leased equipmenthe Prime Recipients are required totify the ARPAE Contracting

Officer reasonably in advance of purchasing any equipment that is not made or manufactured

in the United States with total acquisition cost of $25000 or more.Purchases of foreign

equipment with a total acquisition cost of $1,000,000 or more require the approval of the Head

of Contracting Activity (HCAJhe ARPA Contracting Officer will provide consent to purchase

or reject within 30 calendar days of receptf (1 KS wWSOALIASYy G Qa y20AFAOI {

8. TECHNOLOGYRANSFER ANDUTREACH

ARPAE is required to contribute a percentage of appropriated funds to Technology Transfer
and Outreach (TT&O) activitieB1 order to meet this mandate, every Project Team must spend
at least 5% of the Federal funding (i.e., the portion of the award dioais not include the
NEOALIASYyiGiQa O23ai -BEdolTTeD activitidéRPo@rbrog Rnd duiherlthe t !
development and deployment of ARFAunded technologies. Project Teams must also seek a
waiver from ARPA to spend less than the minimum 5% Oléxpenditure requirement

All TT&O expenditures are subject to the applicable Federal cost principles (i.e., 2 C.F.R. 200
Subpart E and 48 C.F.R. Subpart 31). Examples of TT&O expenditures are as follows:

1 Documented travel and registration for thdRRAE Energy Innovation Summit and other
energyrelated conferences and events;

Documented travel to meet with potential suppliers, partners, or customers;
Documented work by salaried or contract personnel to develop techneoggparket
models or plans;

Documented costs of acquiring industagcepted market research reports; and
Approved patent costs.

il
1
1
il

ARPAE willnot reimburse recipients for TT&O costs considered to be unallowable in
accordance with the applicable cost principles. Examples of unallewd&O expenditures
include:

1 Meals or entertainment;
1 Gifts to potential suppliers, partners, or customers;
1 TT&O activities that do not relate to the AREAInded technologies;

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
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1 Undocumented TT&O activities; and
1 TT&O activities unrelated and/or unallodalio the subject award.

Applicants may seek a waiver of the TT&O requirement by including an explicit request in the
Business Assurances & Disclosures Form. Please refer to the Business Assurances & Disclosures
Form for guidance on the content and fowhthe waiver request. ARFAmay waive or

modify the TT&O requirement, as appropriate.

For information regarding incorporation of TT&O costs into budget documentation, see Section
IV.C3of the FOA.

9. LOBBYING

Prime Recipients anBubrecipients may not use any Federal funds, directly or indirectly, to
influence or attempt to influence, directly or indirectly, congressional action on any legislative
or appropriation matters pending before Congress, other than to communicate to Mesydfer
Congress as described in 18 U.S.C. § 1913. This restriction is in addition to those prescribed
elsewhere in statute and regulation.

Prime Recipients and Subrecipients are required to complete and subiifSF = & 5 A & Of 2 a dz
[ 200 & Ay 3 (hitesilvkiwd Xisa yov/fornslibrary/disclosurelobbyingactivitieg if any

non-Federal funds have been paid or will be paid to any person for influencing or attempting to
influence any of the following in connection with your application:

1 An officer or employee of any Federal agency,
1 A Member of Congress,

1 An officer or employee of Congress, or

1 An employee of a Member of Congress.

10. CGONFERENCE®PENDING

Prime Recipients and Subrecipients may not use any Federal funds to:

1 Defray the cost to the Unitedt&@es Government of a conference held by any Executive
branch department, agency, board, commission, or office which is not directly and
programmatically related to the purpose for which their ARPAward is made and for
which the cost to the United StaseGovernment is more than $20,000; or

1 To circumvent the required notification by the head of any such Executive Branch
department, agency, board, commission, or office to the Inspector General (or senior
ethics official for any entity without an Inspect@eneral), of the date, location, and
number of employees attending such a conference.

11. INDEPENDENRESEARCH ANDEVELOPMENIOSTS

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
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ARPAE does not fund Independent Research and Development (IR&D) as part of an indirect
cost rate under itginancial assistance awardfR&D, as defined at FAR 31.208a), includes

cost of effort that is not sponsored by an assistance agreement or required in performance of a
contract, and that consists of projects falling within the four following arepbagic research,

(ii) applied research, (iii) development, and (iv) systems and other concept formulation studies.

ARPAO Q& 32l fta INB (G2 SyKFIyoOoS (GKS SO02y2YAO FyR
the development of energy technologies and eresthat the United States maintains a

technological lead in developing and deploying advanced energy technoldgrizAE

accomplishes these goals by providing financial assistance for energy technology projects, and
has well recognized and establishewgedures for supporting research through competitive
financial assistance awards based on merit review of proposed projBeisnbursement for
independent research and development costs through the indirect cost mechanism could
circumvent this competitie process.

To ensure that all projects receive similar and equal consideration, eligible organizations may
compete for direct funding of independent research projects they consider worthy of support

by submitting proposals for those projects to AREPASince proposals for these projects may

be submitted for direct funding, costs for independent research and development projects are

not allowable as indirect costs under ARPAwards. IR&D costs, however, would still be

included in the direct cost baséadt is used to calculate the indirect rate so as to ensure an
FLILINBLINREFGS FEf20F0A2y 2F AYRANBOG O02adGa G2 0

12. PROHIBITION ONERTAINFELECOMMUNICATIONS AMDEOSJURVEILLANCE
SERVICES ARUIPMENT

Per 2 C.F.R. 8 2008 Tecipients and subrecipients are prohibited from obligating or expending
projectfunds to: (1) procure or obtain; (2) extend or renew a contract to procure or obtain; or
(3) enter into a contract (or extend or renew a contract) to procure or obtainggent,

services, or systems that uses covered telecommunications equipment or services as a
substantial or essential component of any system, or as critical technology as part of any
system. As described in Public Law P32, section 889, covered telecomunications

equipment is telecommunications equipment produced by Huawei Technologies Company or
ZTE Corporation (or any subsidiary or affiliate of such entitRsjer to 2 C.F.R. § 200.216 for
possible additional prohibitions and limitations.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
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13. BUYAMERICAREQUIREMENT FG®RBLIANFRASTRUCTURROJECTS

Projects funded through this FOA that are for, or contain, construction, alteration,
maintenance, or repair of public infrastructure in the United States undertaken by applicable
recipient types, require that:

w Alliron, steel, and manufactured productsad in the infrastructure project are
produced in the United States; and

w All construction materials used in the infrastructure project are manufactured in the
United States.

However, ARPE does not anticipate soliciting for or selecting projects thhappse project

tasks that are for, or contain, construction, alteration, maintenance, or repair of public
infrastructure. If a project selected for award negotiations includes project tasks that may be
subject to the Buy America Requirement, those projasks will be removed from the project
before any award is issueg.e., no federal funding or Recipient cost share will be available for
covered project tasks.

CKAA a.dz2 ! YSNAOF¢ NBIdANBYSYyd R2Sa y2d | LILX &
profit entity.

14. REQUIREMENT FGRIANCIAIPERSONNEL

ARPAE requires Small Business or Nonprofit applicants to identify a finance/budget
professional (employee or contracted support) with an understanding of Federal contracting
and/or financial assistare and cost accounting (including indirect costs, invoicing, and financial
management systems) that will support the team in complying with all applicable
requirements.

G. OTHERSUBMISSIONREQUIREMENTS

1. Use oARPAEeEXCHANGE

To apply to this FOApplicants must register with ARFEAe XCHANGEHtf{ps://arpa-e-
foa.energy.gov/Reaqistration.aspx-ull Applicationgnd Replies to Revieaw Commentsnust

be submitted through ARRPEB eXCHANGHEtips://arpa-e-foa.energy.gov/login.aspx ARPAE

will not review or consider applications submitted througiher meange.g., fax, hand

delivery, email, postal mail). For detailed guidance on using ARPACHANGE, please refer to
GKS 49 w-!/ 1! bD9 ! Lkhidpsh/@pays-foa.cdetny.RoS/¥andslaspy.

Upon creating an application submission in ABPE&XCHANGE, Applicants will be assigned a
Control Number. If the Applicant creates more than one application submission, a different
Control Number will be aggied for each application.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
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Once logged in to ARFAeXCHANGEHtps://arpa-e-foa.energy.gov/login.aspxApplicants

YIed 00Saa GKSAN ddzoYHzaXAAdA29a¢O0fAQPLAYYT
side of the page. Every application that the Applicant has submitted to -&£RiPW the
corresponding Control Number is displayed on that page. If the Applicant submits more than
one application to a partidar FOA, a different Control Number is shown for each application.

Applicants are responsible for meeting each submission deadline in-BERREHANGE.
Applicants are strongly encouraged to submit their applications at least 48 hours in advance
of the ExploratoryTopicSubmission DeadlineUnder normal conditions (i.e., at least 48 hours
in advance of th&€lose Datg Applicants should allow at least 1 hour to submit a Full
Application.In addition, Applicants should allow at least 15 minutes to sulaniteply to
Reviewer CommentsOnce the application is submitted in ARBAXCHANGE, Applicants may
revise or update their application until the expiration of the applicable deadline.

Applicants should not wait until the last minute to begin the subgsion processDuring the
final hours before thesubmission deadlineApplicants may experience server/connection
congestion that prevents them from completing the necessary steps in ARPACHANGE to
submit their applicationsARPAE will not extend tle submission deadline for Applicants that
fail to submit required information and documents due to server/connection congestion

ARPAE may not review or consider incomplete applications and applications received after
the ExploratoryTopicsubmissiondeadline stated in the FOASuch applications may be
deemed noncompliant (seBection IIE.1 of the FOA). The following errors could cause an
FLILX AOFGA2y G2 ©0S RSSYSR aAyO2YLIX SGS¢ I yR

1 Failing to comply with the form and content requirementsSection I\of the FOA;

1 Failing to enter required information in ARIEAeXCHANGE;

1 Failing to upload required document(s) to ARBAXCHANGE;

T CLAftAYy3 (2 Of A01 (-E&XCHANGS by thei deadiindzialed ig theh y
FOA;

1 Uploading the wrong document(s) or application(s) to AIRRXCHANGE; and

1 Uploading the same document tvécbut labeling it as different documents. (In the

latter scenario, the Applicant failed to submit a required document.)

ARPAE urges Applicants to carefully review their applications and to allow sufficient time for
the submission of required informatiand documents.

KS
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Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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V. APPLICATIOREVIEWNFORMATION

A.

RITERIA

ARPAE performs a preliminary review of Full Applications to determine whether they are
compliant and respnsive(seeSection IIFof the FOA).If applicable ARPAE also performs a
preliminary review oReplies to Reviewer Comments to determine whether they are compliant.

ARPAE considers a mix of quantitative and qualitative critemidetermining whether to select
a Full Application for award negotiations.

1. CRITERIA FORJLLAPPLICATIONS

Full Applcations are evaluated based on the following criteria:

(1) Impact of the Proposed Technold@p%)- This criterion involves consideration of the
following:

T

1

The potential for a transformational and disruptive (not incremental) advancement
in one ormore energyrelated fields;

Thorough understanding of the current stabé-the-art and presentation of an
innovative technical approach to significantly improve performance over the current
state-of-the-art;

Awareness of competing commercial and emergechhologies and identification

of how the proposed concept/technology provides significant improvement over
these other solutions; and

A reasonable and effective strategy for transitioning the proposed technology from
the laboratory to commercial deploymé

(2) Overall Scientific and Technical M€B0%)- This criterion involves consideration of the

following:

1 Whether the proposed work is unique and innovative;

1 Clearly defined project outcomes and final deliverables;

1 Substantiation that the proposkproject is likely to meet or exceed the technical
performance targets identified in this FOA,

1 Feasibility of the proposed work based upon preliminary data or other background
information and sound scientific and engineering practices and principles;

1 Asound technical approach, including appropriately defined technical tasks, to
accomplish the proposed R&D objectives; and

1 Management of risk, to include identifying major technical R&D risks and feasible,

effective mitigation strategies.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
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(3) Qualifications, Experience, and Capabilities of the Proposed Project(3@%r This
criterion involves consideration of the following

1 The PI and Project Team have the skill and expertise needed to successfully execute
the project plan, evidenced by ipr experience that demonstrates an ability to
perform R&D of similar risk and complexity; and

1 Access to the equipment and facilities necessary to accomplish the proposed R&D
effort and/or a clear plan to obtain access to necessary equipment and facilities

(4) Soundness of Management PId®%)- This criterion involves consideration of the
following:

Plausibility of plan to manage people and resources;

Allocation of appropriate levels of effort and resources to proposed tasks;
Reasonableness of the grosed project schedule, including major milestones; and
Reasonableness of the proposed budget to accomplish the proposed project.

= =4 =4 4

Submissions will not be evaluated against each other since they are not submitted in
accordance with a common work statement.

The above criteria will be weighted as follows:

Impact of the Proposed Technology 30%
Overall Scientific and Technical Merit 30%
Qualifications, Experience, and Capabilities of the Proposed Project | 30%
Soundness of Management Plan 10%

2. QRITERIA FOREPLIES TBEVIEWEROMMENTS

ARPAE has not established separate criteria to evaluate Replies to Reviewer Comments.
Instead, Replies to Reviewer Comments are evaluated as an extension of the Full Application.

B. REVIEW ANIBELECTIONROCESS

1. PROGRAMPOLICYACTORS

In addition to the above criteria, ARFEAmMay consider the following program policy factors in
determiningwhich Full Applications to select for award negotiations:

I.  ARPAE Portfolio BalanceProject balances ARHAportfolio in one or more of the
following areas:
a. Diversity of technical personnel in the proposed Project Team;

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
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b. Technological diversity;

c. Organizational diversity;

d. Geographic diversity;

e. Technical or commercialization risk; or
f. Stage of technology development.

Relevance to ARRE Mission Agtancement Project contributes to one or more of
ARPAO Q& 1 Se adliddzizaN® 3I2Ffay

a. Reduction of L& dependence on foreign energy sources;

b. Stimulation ofU.S.manufacturingand/or software development

c. Reduction of energyelated emissions;

d. Increase irJ.S. energy efficiency;

e. Enhancement of U.S. economic and energy security; or

f. Promotion of U.S. advanced energy technologies competitiveness.

Synergy of Public and Private Efforts
a. Avoids duplication and overlap with other publicly or privately funded projects;
b. Promotes increased coordination with nongovernmental entities for
demonstration of technologies and research applications to facilitate technology
transfer; or
c. Increases unige research collaborations.

Low likelihood of other sources of fundingdigh technical and/or financial uncertainty
that results in the noravailability of other public, private or internal funding or
resources to support the project.

High Project ImpacRelative to Project Cost.

Qualified Opportunity Zone (QOZYhether the entity is located in an urban and
economically distressed area including a Qualified Opportunity Zone (QOZ) or the
proposed project will occur in a QOZ or otherwise advance the gb&€©Z. The goals
include spurring economic development and job creation in distressed communities
throughout the United States.For a list or map of QOZs go to:
https://www.cdfifund.gov/opportunityzones

2. ARPAEREVIEWERS

By submitting an application to AREAApplicants consentto ARRA A dzaS 2F CSRSNI -
employees, contractors, and experts from educational institutions, nonprofits, industry, and
governmental and intergovernmental entities as reviewersRPAE selects reviewers based on

their knowledge and understanding of the relevant field and application, their experience and

skills, and their ability to provide constructive feedback on applications.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
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ARPAE requires all reviewers to complete a Catfbf-Interest Certification and Nondisclosure
Agreement through which they disclose their knowledge of any actual or apparent conflicts and
agree to safeguard confidential information contained-inl Applicationsand Replies to

Reviewer Commentsinaddition, ARPAE trains its reviewers in proper evaluation techniques
and procedures.

Applicants are not permitted to nominate reviewers for their applications. Applicants may
contact the Contracting Officer by emalRPAE-CO @hg.doe.gg\uf they have knowledge of a
potential conflict of interest or a reasonable belief that a potential conflict exists.

3. ARPAESUPPORTIONTRACTOR

ARPAE utilizeontractors to assist with the evaluation of applications and project
management. To avoid actual and apparent conflicts of interest, ARprAhibits its support
contractors from submitting or participating in the preparation of applications to ARPA

By submitting an application to AREEAApplicants represent that they are not performing

support contractor services for ARFEAN any capacity and did not obtain the assistance of

ARPAO Q& adzLJLI2 NI O2y i NI OG 2 NJ HE il naindBdiderdd G KS  F LILIE A
applications that are submitted by or prepared with the assistance of its support contractors.

C. ANTICIPATEBNNOUNCEMENT ANMMWARDDATES

ARPAE expects to announce selections for negotiations for éagtioratoryTopic in the
month indicated in Table 1. AREAanticipates that it will execute a funding agreemeat
more than 180 calendar days after the Full Application submission deaudlthe applicable
Exploratory Topic

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
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V1. AWARDADMINISTRATIONNFORMATION

A. AWARDNOTICES

1. REJECTEBUBMISSIONS

Noncompliant and nonresponsive Full Applications are rejected by the Contracting Officer and
are not merit reviewed or considered for award. The Contracting Officer sends a notification
letter by email to the technical and administrative points of contéesignated by the Applicant

in ARPAE eXCHANGE. The notification letter states the basis upon which the Full Application
was rejected.

2. FULLAPPLICATIONIOTIFICATIONS

ARPAE promptly notifies Applicants of its determination. ARP#ends a notificain letter by

email to the technical and administrative points of contact designated by the Applicant in
ARPAE eXCHANGE. The notification letter may inform the Applicant that its Full Application
was selected for award negotiations, or not selected erititively, ARPA may notify one or

more Applicants that a final selection determination on particular Full Applications will be made
at a later date, subject to the availability of funds and other factors.

If authorized per Table yritten feedback @ Full Applications is made available to Applicants
before the submission deadline for Replies to Reviewer Comments. By providing feedback,
ARPAE intends to guide the further development of the proposed technology and to provide a
brief opportunity to respond to reviewer comments.

a. QUCCESSFUPPLICANTS

ARPAE has discretion to select all or part of a proposed project for negotiation of an award. A
notification letter selecting a Full Application for award negotiations dagsauthorize the
Applicant b commence performance of the projecARPAE selects Full Applications for

award negotiations, not for award.Applicants do not receive an award until award

negotiations are complete and the Contracting Officer executes the funding agreement- ARPA
E ma terminate award negotiations at any time for any reason.

Please refer to Section K2 of the FOA for guidance on pagvard costs.

b. POSTPONESELECTIONETERMINATIONS

A notification letter postponing a final selection determination until a later date gus
authorize the Applicant to commence performance of the project. ARP#y ultimately
determine to select or not select the Full Application for award negotiation

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
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Please refer t®&ection I\F.2 of the FOA for guidance on pagvard costs.

C. UNSUCCESSFARPLICANTS

By not selecting a Full Application, ARPAtends to convey its lack of programmatic interest in
the proposed project. Such assessments donszessarily reflect judgments on the merits of
the proposed project. ARPRhopes that unsuccessful Applicants will submit innovative ideas
and concepts for future FOASs.

B. ADMINISTRATIVE ANYATIONAIPOLICYREQUIREMENTS

The following administrative ahnational policy requirements apply to Prime Recipients. The
Prime Recipient is the responsible authority regarding the settlement and satisfaction of all
contractual and administrative issues, including but not limited to disputes and claims arising
out of any agreement between the Prime Recipient and a FFRDC contractor. Prime Recipients
are required to flow down these requirements to their Subrecipients through subawards or
related agreements.

1 If a subawards made to a DOE/NNSA National Laboratory, all Disputes and Claims will be
resolved in accordance with the terms and conditions of the DOE/NNSA National
[ F02NI G2NBQa YIyYylI3SYSyid IyR 2LISNIGAYy3 dasho
between DOE andhe prime awardee.

1 If a subawards made to another Federal agency or its FFRDC contractor, all Disputes and
Claims will be resolved in accordance with the terms and conditions of the interagency
agreement in consultation between DOE and the prime awardee

1. UNIQUEENTITYIDENTIFIERNDSAM,FSRS\NDFEDCONNECT
REGISTRATIONS

Prime Recipientmustregister with the System for Award Management (SAM) at
www.sam.gov/SAMbrior to submitting an application, at which time the system will assign (if
newly registered) a Unique Entity Identifier (UBS.of April 4, 2022, the UEI replaces the old
Dun and Bradstreet Data Universal Numberiggt&n (DUNS) numbeequirement.

Prime Recipients must

1 Maintain an active SAM registration with current information, including information on
a its immediate and highegével owner and subsidiaries, as well as on all predecessors
that have beerawarded a Federal contract or financial assistance award within the last
three years, if applicable, at all times during which it has an active Federal award or an
application or plan under consideration by a Federal awarding agency;

1 Remain registered irhe SAM database after the initial registration;

1 Update its information in the SAM database as soon as it changes;

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
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1 Review its information in the SAM database on an annual basis from the date of initial
registration or subsequent updates to ensure it is eaty accurate and completend
1 Not make a subaward to any entity unless the entity has provided its UEI.

Subrecipients are not required to register in SAM, but nalain aUEI

Prime Recipients and Subrecipients should commence this process as gmssiate in order
to expedite the execution of a funding agreemeRegisteringvith SAMand obtaining the UEI
could take several weeks.

Prime Recipients are also required to register with the Federal Funding Accountability and
Transparency Act SubavetaReporting System (FSRSht#s://www.fsrs.gov/.'® Prime

Recipients are required to report to FSRS the names and total compensation of each of the

t NAYS wSOA LK Sy do@pensatdd @&cutiwesand th Aamds il total

O2YLISyal tGAazy 2F SIFOK {dzoNBOALASYGQa FTAGS Yz2ali
https://www.fsrs.gov/for guidance on repomg requirementsPrime Recipients are required

to keep the FSRS data current throughout the duration of the project.

ARPAE may not execute a funding agreement with the Prime Recipient until it has obtained a
UEland completed its SAM and FSRS registnati

Finally, Prime Recipients are required to register with FedConnect in order to receive
notification that their funding agreement has been executed by the Contracting Officer and to
obtain a copy of the executed funding agreement. Please refer to
https://www.fedconnect.net/FedConnectfor registration instructions.

2. NATIONALPOLICYASSURANCES

Project Teams, including Prime Recipients and Subrecipients, are required to comply with the
National Policy Assurances attached to their funding agreement in accordance with 2 C.F.R.

200.300. Referto Attachment 6 of ARPA Qa a2 RSt / 22 LIgNjsliakp@S ! INBSY.
e.energy.gov/technologies/projeaiuidance/preaward-guidance/fundingagreementgfor

guidance onlte National Policy Assurances.

3. ENVIRONMENTAIMPACTQUESTIONNAIRE

By law, ARPE is required to evaluate the potential environmental impact of projects that it is
considering for funding. In particular, ARBAnust determindefore funding a project

whether the project qualifies for a categorical exclusion undeC1B.R§ 1021.410 or whether

it requires further environmental review (i.e., an environmental assessment or an
environmental impact statement).

¥ The Federal Fundinccountability andiransparency Act, P.L. 1282, 31 U.S.C. 6101 note.
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To facilitate and expedite ARPAQ & Sy ZiA rbNRwW, Prng Recipients are required to
complete an Environmental Impact Questionnaire during award negotiations. This form is
available on ARRB eXCHANGE &tps://arpa-e.energy.gov/technologies/project
guidance/preaward-guidance/requiredforms-andtemplates Each Prime Recipient must wait

to complete theEnvironmental Impact QuestionnaifElQ) until after ARPE has notified them

that Attachment 3 Statement of Program Objectives is in final form. The completed EIQ is then
dueback to ARP£&within 14 calendar days.

4, TECHNOLOGYO-MARKETPLAN

During award negotiations, Prime Recipients exquired to negotiate and submit an initial
Technologyto-Market Plan for Phase Il and Phase IIS with the ARPgram Director, and

obtainthe ARPA t N2 IANJ Y 5ANBOG2NRA | LILINE GIPGmelLINA 2 NJ { 2
Recipients must show how anwudigeted Technology Transfer and Outreach (TT&O) costs relate

to furthering elements of the Technology-Market Plan. During the period of performance

Prime Recipients are required to provide regular updates on the initial Techntdggrket

plan and eport on implementation of Technologp-Market activities. Prime Recipients may

be required to perform other actions to further the commercialization of their respective

technologies. Prime Recipients are not required to negotiate a Techntielgyarket Plan for

Phase | only awards.

ARPAE may waive or modify this requirement, as appropriate.

5. INTELLECTURROPERTY ANDATAMANAGEMENPLANS

ARPAE requires every Project Team to negotiate and establish an Intellectual Property
Management Plan for the nmagement and disposition of intellectual property arising from the
project. The Prime Recipient must submit a completed and signed Intellectual Property
Management plan to ARPR within six weeks of the effective date of the ARP#Inding
agreement. Allntellectual Property Management Plans are subject to the terms and
conditions of the ARRE funding agreement and its intellectual property provisions, and
applicable Federal laws, regulations, and policies, all of which take precedence over the terms
of Intellectual Property Management Plans.

ARPAE has developed a template for Intellectual Propergnidgement Plansftps://arpa-
e.energy.gov/technologies/projegiuidance/postaward-guidance/projectimanagemert
reportingrequirementg so as to facilitate and expedite negotiations between Project Team
members. ARRE does not mandate the use of this template. AP DOE do not make
any warranty (express or implied) or assume any liability or responsibility for the accuracy,
completeness, or usefulness of the template. AfPand DOE strongly encourage Project
Teams to consult independent legal counsel before ugiegemplate.

Awardees are also required, pestvard, to submit a Data Management Plan (DMP) that
addresses how data generated in the course of the work performed under an-BRRArd
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will be preserved and, as appropriate, shared publigtythat time ARPAE may negotiate with

the Prime Recipient a mutually agreeable list of data that may be released to the public and not
be treated as SBIR/STTR ddtiae Prime Recipient must submit a completed and signed DMP

- & LI NI 2 Mtelléckid Prapérty Mada@gement Plato ARPAE within six weeks of

the effective date of the ARPRE funding agreement.

0. U.S.COMPETITIVENESS

I LINR Yl NB 206 2 S dilidn @diar skarch,ldév€lapmeYitdafd ilémonstration
investmentsg including ARPAE awards is advancement of new energy technologies,

manufacturing capabilities, and supply chains for and by U.S. industry and TEienefore, in
SEOKIyYy3S F2NJ NBOSAGAYy3a GFELI&@SNI R2tfFNBR (2 adz
agree to the following U.S. Competitiveness Provision as part of an award under this FOA.

U.S. Competitiveness

The Contractor (Prime Recipient in ARPAwards) agrees that any products embodying
any subject invention or produced through the use oy anbject invention will be
manufactured substantially in the United States unless the Contractor can show to the
satisfaction of DOE that it is not commercially feasible. In the event DOE agrees to
foreign manufacture, there will be a requirement that tl@®vernment's support of the
technology be recognized in some appropriate manner, e.g., alternative binding
commitments to provide an overall net benefit to the U.S. economy. The Contractor
agrees that it will not license, assign or otherwise transfersarpject invention to any
entity, at any tier, unless that entity agrees to these same requirements. Should the
Contractor or other such entity receiving rights in the invention(s): (1) undergo a change
in ownership amounting to a controlling interest, @) Gell, assign, or otherwise

transfer title or exclusive rights in the invention(s), then the assignment, license, or
other transfer of rights in the subject invention(s) is/are suspended until approved in
writing by DOE. The Contractor and any succeassignee will convey to DOE, upon
written request from DOE, title to any subject invention, upon a breach of this
paragraph. The Contractor will include this paragraph in all subawards/contracts,
regardless of tier, for experimental, developmental or resbavork.

A subject invention is any invention of the contractor conceived or first actually reduced
to practice in the performance of work under an awakeh invention is any invention or
discovery which is or may be patentablEhe contractor includeany awardee,

recipient, subawardee, or sulyecipient.

As noted in the U.S. Competitiveness Provision, at any time in which an entity cannot
meet the requirements of the U.S. Competitiveness Provision, the entity may request a
modification or waiver ofie U.S. Competitiveness Provision. For example, the entity
may propose modifying the language of the U.S. Competitiveness Provision in order to
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change the scope of the requirements or to provide more specifics on the application of
the requirements for a @rticular technology. As another example, the entity may

request that the U.S. Competitiveness Provision be waived in lieu of a net benefits
statement or U.S. manufacturing plan. The statement or plan would contain specific and
enforceable commitments thawould be beneficial to the U.S. economy and
competitiveness.Commitments could include manufacturing specific products in the
U.S., making a specific investment in a new or existing U.S. manufacturing facility,
keeping certain activities based in the UoBsupporting a certain number of jobs in the
U.S. related to the technology. If DOE, in its sole discretion, determines that the
proposed modification or waiver promotes commercialization and provides substantial
U.S. economic benefits, DOE may grasetbquest and, if granted, modify the award
terms and conditions for the requesting entity accordingly.

The U.S. Competitiveness Provision is implemented by DOE pursuant to a Determination
of Exceptional Circumstances (DEC) under the Bayh Act and DB Patent

Waivers{ SS { SOGA2Y *LLL®! = a¢AGftS G2 {dzoaSOi
information on the DEC and DOE Patent Waiver.

1. CORPORATEELONYCONVICTIONS ANEEDERAITAXLIABILITY
In submitting an application in response to this FOA, thelidgppt represents that:

1 Itis not a corporation that has been convicted of a felony criminal violation under any
Federal law within the preceding 24 months; and

1 Itis not a corporation that has any unpaid Federal tax liability that has hssessed,
for which all judicial and administrative remedies have been exhausted or have lapsed,
and that is not being paid in a timely manner pursuant to an agreement with the
authority responsible for collecting the tax liability.

For purposes of thesepresentations the following definitions apply: A Corporation includes
any entity that has filed articles of incorporation in any of the 50 states, the District of
Columbia, or the various territories of the United States [but not foreign corporatidhs].
includes both fofprofit and nonprofit organizations.

8. APPLICANIRSKANALYSIS

If selected for award negotiations, ARBAnay evaluate the risks posed by the Applicant using
the criteria set forth at 2 CFR 82006ZD)(ii) ARPA mayrequire special award terms and
conditions depending upon results of the risk analysis.

ARPAE will not make an award if AREAas determined that:

1 The entity submitting the proposal or application:
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o has an owner or covered individual that is party tmalign foreign talent
recruitment program;

o KFa I o6dzaAySaa SyuAiadez LINByid O2YLI yesx 2N
of China or another foreign country of concern; or

o has an owner or covered individual that has a foreign affiliation witbsaarch
AyalAlddziazy t20F0SR Ay GKS tS2LJ SQa wS Lz
concern; and

1 The relationships and commitments described above:
o interfere with the capacity for activities supported by the Federal agency to be
carried out;
create duplication with activities supported by the Federal agency;
present concerns about conflicts of interest;
were not appropriately disclosed to the Federal agency;
violate Federal law or terms and conditions of the Federal agency; or
pose arisk to national security.

(0]
(0]
(0]
(0]

9. RECIPIENINTEGRITY ANPERFORMANAEATTERS

Prior to making a Federal award, ARP# required to review and consider any information

Fo2dzi ! LILIX AOFyida GKIFIG Aa O2yiGFrAySR Ay (GKS h¥¥
integrity and performance system accessible through SAM (currently the Federal Awardee
Performance and Integrity Information System or FAPIIS) (41 U.S.C. § 2313 and 2 C.F.R.

200206).

Applicants may review information in FAPIIS and comment on any infamalbiout itself that
a Federal awarding agency previously entered into FAPIIS.

ARPAE will consider any written comments provided by Applicants during award negotiations,
in addition to the other information in FAPIIS, in making a judgment about ancAppé

integrity, business ethics, and record of performance under Federal awards when reviewing
potential risk posed by Applicants as described in 2 C.F.R.22800.

10. NONDISCLOSURE AGDNFIDENTIALIAGREEMENTREPRESENTATIONS

In submitting an application in response to this FOA the Appliepresentsthat:

(1) It does not and will notrequire its employees or contractors to sign internal
nondisclosure or confidentiality agreements or statements prohibiting or otherwise
restricting its employees or contractors from lawfully reporting waste, fraud, or abuse to
a designated investigative or law enforcement representative of a Federal department
or agency authorized to receive such information.
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(2) It does not and will notuse any Fedetdunds to implement or enforce any
nondisclosure and/or confidentiality policy, form, or agreement it uses unless it contains
the following provisions:

a. “These provisions are consistent with and
otherwise alter theemployee obligations, rights, or liabilities created by existing
statute or Executive order relating to (1) classified information, (2) communications
to Congress, (3) the reporting to an Inspector General of a violation of any law, rule,
or regulation, omismanagement, a gross waste of funds, an abuse of authority, or a
substantial and specific danger to public health or safety, or (4) any other
whistleblower protection. The definitions, requirements, obligations, rights,
sanctions, and liabilities cread by controlling Executive orders and statutory
provisions are incorporated into this agr

b. The limitation above shall not contravene requirements applicable to Standard Form
312, Form 4414, or any other form issued by a Fedb¥partment or agency
governing the nondisclosure of classified information.

c. Notwithstandingthe provision listed in paragraph (a), a nondisclosure confidentiality
policy form or agreement that is to be executed by a person connected with the
conduct of a intelligence or intelligenceelated activity, other than an employee or
officer of the United States Government, may contain provisions appropriate to the
particular activity for which such document is to be used. Such form or agreement
shall, at a mirmum, require that the person will not disclose any classified
information received in the course of such activity unless specifically authorized to
do so by the United States Government. Such nondisclosure or confidentiality forms
shall also make it cledghat they do not bar disclosure to congress, or to an
authorized official of an executive agency or the Department of Justice, that are
essential to reporting a substantial violation of law.

11. INTERIMOONFLICT ANTERESPOLICY FORNANCIAIASSISTANCE

The DOE interim Conflict of Interest Policy for Financial Assistance (COI Policy) can be found at
https://www.energy.gov/management/financiadssistancdetter-no-fal-2022-02. This policy is

applicable to all notiFederal entities applying for, or that receive, DOE funding by means of a

financial assistance award (e.g., a grant, cooperative agreement, or technology investment
agreementor similar other transaction agreemerand through the implementation of this

policy by the entity, to each Investigator who is planning to participate in, or is participating in,

0KS LINRP2SOG Fdzy RSR ¢gK2ff& 2NJ Ay LI Nibterimzy RSNJ K
COl Policy establishemsdards that provide a reasonable expectation that the design,

conduct, and reporting of projects funded wholly or in part under DOE financial assistance

awards will be free from bias resulting from financial conflicts of interest or organizational
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conflicts of interest. The applicant is subject to the requirements of the interim COI Policy and
within each application for financial assistance, the applicant must certify that it is, or will be by
the time of receiving any financial assistance award, comptigth all requirements in the

interim COI Policyror applicants to any ARFAFunding Opportunity Announcement, this
certification, disclosure of any managed or unmanaged conflicts of interest, and a copy of (or
fAYyl G20 GKS | LlLiltekes polidy @ust be incladed\itll thef irfobnatio® T
provided in the Business Assurances & Disclosures Fonemapplicant musalsoflow down

the requirements of the interim COI Policy to any subrecipientRederal entities.

12. COMMERCIALIZATIARLAN AND SOFTWARIEREPORTING

If your project is selected and it targets the development of software, you may be required to
prepare a Commercialization Plan for the targeted software and agree to special provisions that
require the reporting of the targeted softave and its utilization. This special approach to

projects that target software mirrors the requirements for reporting that attach to new

inventions made in performance of an award.

C. REPORTING

Recipients are required to submit periodic, detaitegorts on technical, financial, and other
aspects of the project, as described in Attachment4to AREMa a2 RSt / 22 LJSNY G A @
(https://arpa-e.energy.gov/technologies/projeguidance/preaward-guidance/funding

agreementsy.
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VII.AGENCYONTACTS

A. COMMUNICATIONS WITARPAE

Upon the issuance of BxploratoryTopic only the Contracting Officer may communicate with
Applicants ARPAE personneand our support contractorare prohibited from communicating
OAY SGNAGAY3T 2N 20KSNBAASUOL gAGK ! LI AOKYy(a
effect until ARPA Q &bliclaildmuncement of its project selections.

5dZNAYy3 GKS daljdzAi SéG LISNA2RZ¢ ! LI AOFyida I+ NB
ARPAE-CO@hg.doe.govQuestionsand Answers (Q&AsboutARPAE and the FOA are
available ahttp://arpa-e.energy.gov/fagFor questions that have not already been answered,
please send an email with the FOAm&aand number in the subject line ARPAE
CO@hqg.doe.go\Due to the volume of questions received, AHPWill only answepertinent
guestions that have not yet beeanswered and posted at the above link.

1 ARPAE will post responsesn aweeklybasisto any questions thaare receivel that have
not already been addressed at the link abov*eRPAE mayre-phrase questions or
consolidate similar questions for administinag purposes.

1 ARPAE will cease to accept questioagproximatelyl0 business days in advancetbé
ExploratoryTopic submission deadlinResponses to questions received befores tutoff
will be postedno later than three business daysadvance of the submission deadline.
ARPAE mayre-phrase questions atonsolidate similar questions for administrative
purposes.

f Responsesareldzo f Aa KSR Ay | R20dzySyid aLISOAFTAO (2

OPPORTUNITIES ! v gnARPA Q & itg Btip:Harpa-e.energy.gov/faj

NE 3

NE |j

0 K

Applicants may submit questions regarding ABP&XCHANGERPA Q& 2yt Ay S | LILIX A C

portal, to ExchangeHelp@hg.doe.goARPAE will promptly respond to emails that raise
legitimate, technical issues with ARBAeXCHANGE. ARPWill refer any questions regarding
the FOA0 ARPAECO@hg.doe.gov

ARPAE will not accept or respond to communications received by other means (e.g., fax,
telephone, mail, hand delivery). Emails sent to otberail addresses will be disregarded.

5dzNA Yy 3 G§KS &l dzACSridractidé Qific@mayadithofiz¢ Eommunmiéations between
ARPAE personnel and ApplicantheContracting Officemay communicate with Applicants
as necessary and appropriat@s cescribed inSectionlV.Aof the FOA, th&€ontracting Officer

mayarrange preselection meetings and/or site visisdzNA Y3 G KS.£alj dzA SG  LISNA 2 |
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B. DEBRIEFINGS

ARPAE does not offer or provide debriefingd authorized per Table, ARPAEprovides
Applicants with reviewer comments on Full Applications before the submission deadline for
Replies to Reviewer Comments.
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not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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OTHEANFORMATION

TITLE T®®UBJECINVENTIONS

Ownership of subject inventions is governed pursuant to the authorities listed below.

B.

T

Domestic Small Businesses, Educational Institutions, and Nonprofits: Under the
BayhDole Act (35 U.S.C. § 200 et sedpnestic small businesses, educational
institutions, and nonprofits may elect to retain title to their subject inventions;

All other parties: The federal Neduclear Energy Act of 1974, 42. U.S.C. 5908,
provides that the government obtains title to new gabt inventions unless a waiver

is granted (see below):

Class Patent Waiver for Domestic Large Businesses: DOE has issued a class patent
waiver that applies to this FOA. Under this class patent waiver, domestic large
businesses may elect title to their gabt inventions similar to the right provided to

the domestic small businesses, educational institutions, and nonprofits by law. In
order to avall itself of the class patent waiver, a domestic large business must agree
to the U.S. Competitiveness Provisiaraccordance with Section VIEBof this FOA.
Advance and ldentified Waivers: For applicants that do not fall under the class
patent waiver or the BaylDole Act, those applicants may request a patent waiver
that will cover subject inventions that may beade under the award, in advance of

or within 30 days after the effective date of the award. Even if an advance waiver is
not requested or the request is denied, the recipient will have a continuing right
under the award to request a waiver for identifigdszentions, i.e., individual subject
AYy@SyGAz2ya GKFG NS RAaOft2aSR (G2 5h9 4A0K
intellectual property terms and conditions. Any patent waiver that may be granted is
subject to certain terms and conditions in 10RCF84.

DEC: On June 07, 2021, DOE approved a DETERMINATION OF EXCEPTIONAL
CIRCUMSTANCES (DEC) UNDER THEBGLEACT TO FURTHER PROMOTE
DOMESTIC MANUFACTURE OF DOE SCIENCE AND ENERGY TEQRNOLOGIES.
accordance with this DEC, all awards, includingassrds, under this FOA made to

a BayhDole entity (domestic small businesses and nonprofit organizations) shall
include the U.S. Competitiveness Provision in accordance with SectighofitBis

FOA. A copy of the DEC may be found on the DoE welbsitaiant to 37 CFR §

401.4, any Baybole entity affected by this DEC has the right to appeal it by
providing written notice to DOE within 30 working days from the time it receives a
copy of the determination.

(GOVERNMENRGHTS INBUBJECINVENTIONS

Where Rime Recipients and Subrecipients retain title to subject inventions, the U.S.
Government retains certain rights.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A

Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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1. GOVERNMENUSELICENSE

The U.S. Government retains a nonexclusive, nontransferable, irrevocablejpbiense to
practice or have practed for or on behalf of the United States any subject invention
throughout the world. This license extends to contractors doing work on behalf of the
Government.

2. MARCHIN RGHTS

The U.S. Government retains maiichrights with respect to all subject inventions. Through
GYFMYK NAIKGazZe GKS D2OSNYYSyd YlFé NBIljdzZANBE |t
elected to retain title to a subject invention (or their assignees or exatulicensees), to grant a

license for use of the invention. In addition, the Government may grant licenses for use of the
subject invention when Prime Recipients, Subrecipients, or their assignees and exclusive

licensees refuse to do so.

The U.SGovernment may exercise its marehrights if it determines that such action is
necessary under any of the four following conditions:

1 The owner or licensee has not taken or is not expected to take effective steps to
achieve practical application of theviention within a reasonable time;

1 The owner or licensee has not taken action to alleviate health or safety needs in a
reasonably satisfactory manner;

1 The owner has not met public use requirements specified by Federal statutes in a
reasonably satisfactomanner; or

1 The U.S. Manufacturing requirement has not been met.

C. RGHTS INECHNICADATA

Data rights differ based on whether data is first produced under an award or instead was
developed at private expense outside the award.

T . Ol ANR dzy R 2KNJ & [ SAIYIRIGESR owikAS | ®{ ® D2 @BSNY YSyY
delivery of technical data developed solely at private expense prior to issuance of an
award, except as necessary to monitor technical progress and evaluate the potential
of proposed technologies teeach specific technical and cost metrics.

1 Generated DataPursuant to special statutory authority for SBIR/STTR awards, data
generated under ARPR SBIR/STTR awards may be protected from public disclosure
for twenty yearsfrom the date of awardn accorénce with provisions that will be
set forth in the award. In addition, invention disclosures may be protected from
public disclosure for a reasonable time in order to allow for filing a patent
application.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
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D. PROTECTEHPERSONALUDENTIFIABURFORMATION

Applicants may not include any Protected Personally Identifiable Information (Protected PII) in
their submissions to ARFA Protected PII is defined as data that, if compromised, could cause
harm to an individual such as identity thettisted below arexamples of Protected PII that
Applicants must not include in their submissions.

Social Security Numbers in any form;

Place of Birth associated with an individual;

Date of Birth associated with an individual;

a2iKSNDa YIFARSY ylind@dubaa2OAlF SR 6AGK |y
Biometric record associated with an individual;

Fingerprint;

Iris scan;

DNA,

Medical history information associated with an individual;

Medical conditions, including history of disease;

Metric information, e.g. weight, height, blood pressure;

Qiminal history associated with an individual;

Ratings;

Disciplinary actions;

Performance elements and standards (or work expectations) are PIl when they are so
intertwined with performance appraisals that their disclosure would reveal an

A Y RA @A Rodrdaric®appradiss;NJF

Financial information associated with an individual;

Credit card numbers;

Bank account numbers; and

Security clearance history or related information (not including actual clearances held).

=A== =0=0=0=0=0=0-0=0-4=0=0_-=1
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E. FOA ANDFOAMODIFICATIONS

FOAs arposted on ARPE eXCHANGHtips://arpa-e-foa.energy.govy, Grants.gov
(http://www.grants.gov/), and FeConnect lttps://www.fedconnect.net/FedConnec)/ Any
modifications to the FOANcludingExploratoryTopic announcementsare also posted to these
websites. Youcan receivean email when a modification @anew ExploratoryTopicsis posted

by registering with FedConnect as an interested party for this. FO&recommended that you
register as soon as possible after release of the FOA to ensure that you receive timely notice of
any modifications or other announcements. More information is available at

https://www.fe dconnect.net

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A

Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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F. OBLIGATION ORPUBLIHUNDS

The Contracting Officer is the only individual who can make awards on behalf of A&PA
obligate ARP+ to the expenditure of public funds. A commitmenbbfigation by any
individual other than the Contracting Officer, either explicit or implied, is invalid.

ARPAE awards may not be transferred, assigned, or assumed without the prior written consent
of a Contracting Officer.

G. REQUIREMENT FGRLLAND COMPLETEDISCLOSURE

Applicants are required to make a full and complete disclosure of the information requested in
the Business Assurances & Disclosures Form. Disclosure of the requested information is
mandatory. Any failure to make a full and complete ldisare of the requested information

may result in:

The rejection of &ull Applicationand/or Reply to Reviewer Comments

The termination of award negotiations;

The modification, suspension, and/or termination of a funding agreement;

The initiation ofdebarment proceedings, debarment, and/or a declaration of
ineligibility for receipt of Federal contracts, subcontracts, and financial assistance
and benefits; and

1 Civil and/or criminal penalties.

= =4 =4 4

H. RETENTION dBUBMISSIONS

ARPAE expects to retainopies of alFull ApplicationsReplies to Reviewer Comments, and
other submissions No submissions will be returned. By applying to ARR# funding,
Applicants consentto ARFAQa NBGSYyGA2y 2F (GKSANI adzoYA&AAZ2Y S

l. MARKING OEONFIDENTIANFORMATION

ARPAE will use data and other information contained in Full Applicatiand Replies to
Reviewer Commentstrictly for evaluation purposes.

Full Applications Replesto Reviewer Commentsndother submissioacontaining
confidential, proprietaryor privileged informatiorshouldbe marked as described below.
Failure to comply with these marking requirements may result in the disclosure of the
unmarked information under the Freedom of Information Act or otherwise. The U.S.
Government is not liakl for the disclosure or use of unmarked information, and may use or
disclose such information for any purpose.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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The cover sheet of the Full Applicatidgeply to Reviewer Comments other submission must
be marked as follows and identify the specific pmgentaining confidential, proprietary, or
privileged information:

Notice of Restriction on Disclosure and Use of Data:

Pages [ ] of this document may contain confidential, proprietary, or privileged
information that is exempt from public disclosur8uch information shall be used or
disclosed only for evaluation purposes or in accordance with a financial assistance or
loan agreement between the submitter and the Government. The Government may use
or disclose any information that is not appropriateharked or otherwise restricted,
regardless of source.

The header and footer of every page that contains confidential, proprietary, or privileged
AYTF2NXIEGA2Y YdzaG 0SS YIFENJSR Fa F2tt2gay a/ 2ydal
Information ExempF NBY t dzof AO 5A40f 2ad2NEPE LYy | RRAGAZ2Y S
proprietary, privileged, or trade secret information must be clearly marked with double

brackets or highlighting.

J. ADDITIONAINOTICES

1 This FOA is intended for informational purposes and reflects current planning. If there is
any inconsistency between the information contained herein and the terms of any
resulting SBIR or STTR funding agreement, the terms of the funding agreement are
controlling.

1 Before award of an SBIR or STTR funding agreement;BRR#& request the selectee
to submit certain organizational, management, personnel, and financial information to
assure responsibility of the Prime Recipient. In addition, selectees wéljogred to
make certain legal commitments at the time of execution of funding agreements
resulting from this FOA. ARIEAencourages Prime Recipients to review the Model
Cooperative Agreement for SBIR/STTR Awards, which is availaliesatiarpa-
e.energy.gov/?g=sitpage/fundingagreements

1 Actual or suspected fraud, waste, or abuse may be reported to the DOE Office of
InspectorGeneral (OIG) at-200-541-1625.

K. EXPORTCONTROINFORMATION

Do not include information subject to export controls in any submissions, including Concept

Papers, Full Applications, and Replies to Reviewer Commevtisther marked as subject to

US exportontrol laws/regulations or otherwise. Such information may not be accepted by

ARPAE and may result in a determination that the application is-nompliant, and therefore

not eligible for selection. This prohibition includes any submission containiagexal, non
RSGSNNYAYIFGAGS &l dSYSyld &adzOK a4 a¢KS AYyTF2NXIQ

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
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awardees shall be responsible for compliance with all exportrobtaws/regulations.

L. COMPLIANCAUDITREQUIREMENT

A prime recipient organized as a fprofit entity expending $750,000 or more of DOE funds in

GKS SyitardeqQa FTAaO0Lt &SIFN o0AyOft dzRAy3I Fdzy Ra SELJ
compliance audit pdormed at the completion of its fiscal year. For additional information,

refer to Subpart F of: (i) 2 C.F.R. Part 200, and (ii) 2 C.F.R. Part 910.

If an educational institution, neprofit organization, or state/local government is either a

Prime Recipiet or a Subrecipient, and has expended $750,000 or more of Federal funds in the
SyagAadeqQa FAaolt &@SIFENE GKS SyidAade Ydzaid KIF@gS |y
completion of its fiscal yeart-or additional information refer to Subpart F of 2 C.P4&t 200.

M. PAYMENT OFEE OFPROFIT

ARPAE will pay a fee or profit to Prime Recipients in an amount not to exceed 7% of total
project cost under any agreement resulting from this FOA, subject to negotiathmsfee or
profit paid by Prime Recipients to their subcipients (but not commeeial suppliers, vendors,

or contractors) must be paid from fee or profit paid to Prime Recipients by ARRAy fee or
LINRFAG Ydzad 0S AyOfdzRSR Ay GKS 06dzZR3ISG &adzo YAG
will be payable to Prime Recipients updi:.completion of all work required by the agreement,
(i) submission and acceptance of all-fwofit audit reports and resolution of all findings (if any)
identified in the reports, (iii) submission and acceptance by the Government of all closeout
docunentation required by Attachment 4 to the agreement (refer to ARP@& a2 RS
Cooperative Agreement found #ittps://arpa-e.energy.gov/?qg=sit@age/funding
agreements)and (iv) submission of an acceptable invoice.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
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IX. GLOSSARY

Applicant: The entity that submits the application to AREA In the case of a Project Team, the
Applicant is the lead organization listed on the application.

Application: Theentire submission received by AREAncluding thePreliminary Application,
FullApplication Reply to Reviewer Commentnd Small Business Grant Application (if
applicable)

ARPAE: Is the Advanced Research Projects AgepEpergy, an agen®f the U.S. Department
of Energy.

CostSharingis the portion of project costs from nelRederal sources that are borne by the Prime
Recipient (or nofFederal third parties on behalf of the Prime Recipient), rather than by the
Federal Government.

Covered Individualan individual who contribwgs in a substantive, meaningful way to the
scientific development or execution of an R&D project proposed to be carried out with an
award from ARP+. This includes, but is not limited to, the Pl;RToKey Personnel, and
technical staff (e.g., postdoctak fellows/researchers and graduate students). AlPAay
further designate covered individuals during award negotiations or the award period of
performance.

Deliverable A deliverable is the quantifiable goods or services that will be provided upon the
successful completion of a project task or siaisk.

DOE:U.S. Department of Energy.

DOE/NNSAU.S. Department of Energy/National Nuclear Security Administration
FFRDCsFederally Funded Research and Development Centers.

FOA: Funding Opportunity Announcement.

Foreign Affiliation:a funded or unfunded academic, professional, or institutional appointment
or position with a foreign government or governmemivned entity, whether fultime, part
time, or voluntary (including adnct, visiting, or honorary).

Foreign Countries of Concera:KS t S2LJ SQ& wSLlzofAO 2F [/ KAyl I (
of Korea, the Russian Federation, the Islamic Republic of Iran, Burma, Eritrea, Pakistan, Saudi
Arabia, Tajikistan, and Turkmenistan

For-Profit Organizations (Other than Small Businessés) large business¢s Means entities
organized foprofit other than small businesses as defined elsewhere in this Glossary.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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GOCOsU.S. Government Owned, Contractor Operalgabratories.
GOGOsU.S. Government Owned, Government Operated laboratories.

Institutions of Higher Educatiorfor educational institutions Has the meaning set forth at 20
U.S.C. 1001.

Malign Foreign Talent Recruitment Prograrite meaning given sudierm in section 10638 of
the Research and Development, Competition, and Innovation Act (division B of Public lcaw 117
167) or 42 USC 19237, as of October 20, 2022.

Milestone: A milestone is the tangible, observable measurement that will be provided upon th
successful completion of a project task or gabk.

Nonprofit Organizationgor nonprofity: Has the meaning set forth at 2 C.F.R. § 200.70.
Prime Recipient:The signatory to the funding agreement with ARPA
PI Principal Investigator.

Project Team: A Project Team consists of the Prime Recipient, Subrecipients, and others
performingor otherwise supportingvork under an ARP£ funding agreement

Small Bisiness:Small businesses are domestically incorporated entities that meet the criteria
Saidlof AaKSR 0& GUKS ! o{d {YIff .dzAAySaa ! RYAYA
{GFyRINRAa al OKSR (2 Db2NIK ! YSNARQICE) LYy Rdza i NB
(http://www.sba.gov/content/smalibusinesssizestandards.

Standalone Applicant:An Applicant that applies for funding on its own, not ast dira Project
Team.

Subject Invention: Any invention conceived or first actually reduced to practice under an ARPA
E funding agreement.

Subrecipient:An entity (not an individual) that receives a subaward from the Prime Recipient to
carry outpart of the ARPA award.

ExploratoryTopic: Al SOKY A OFf | NBIF 2F NBaSFNOK GKFd Aa R
l yy2dzy OSYSy (¢ |G GKS SyR 27F (KABeXCHANGHaga Iy ! LJ
supporting FOA document. EagRploratoryTopic wil have its own deadline. Once the topic

deadline has passed the notice will be taken down and ARRAI no longer be accepting

applications in that area. ARHRAwiIll only review applications that are scientifically aligned with

the ExploratoryTopic(sppen at the time the application is submitted.

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A

Problems with ARRE eXCHANGE? EniaithangeHelp@.doe.gowith FOA name and number in subject line).
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Task:A task is an operation or segment of the work plan that requires both effort and
resources. Each task (or stdsk) is connected to the overall objective of the project, via the
achievement of a milesne or a deliverable.

Total Project Cost:The sum of the Prime Recipient share and the Federal Government share of
total allowable costs. The Federal Government share generally includes costs incurred by
GOGOs, FFRDCs, and GOCOs.

TT&O: Technology Transfer and Outreach. (Seetion I\E.8 of the FOA for more information)

Questions about this FO&heck the Frequently Asked Questions availabiét@t/arpa-e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hq.doe.gofwith FOA name and number in subject line); see FOA Sec. VII.A
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X. APPENDRA: LOW-BENERGWUCLEAREACTIONS

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hg.doe.gofwith FOA name and number in subject line); see FOA Sec. VIILA
Problems with ARRPBE eXCHANGE? EniaithangeHelp@hg.doe.gwith FOA namand number in subject line).
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Special Program Announcement for
EXPLORATORY TORMEFOAQ0MR785)
LowEnergy Nuclear Reactions

Topic Issue Date Septemberl3, 2022

Deadline forQuestions tctARPAECO@hqg.doe.gov | 5 PM ETEriday November 42022
Submission Deadline for Full Applications 9:30 AM ETTuesdayNovemberl5, 2022
Submission Deadline for Replies to Reviewer 5:00 PM ETTuesdayDecembeR0, 2022
Comments:

Expected Date for Selection Notifications February 2023

Anticipated Date of Awards May 2023

Total Amount to be Awarded Approximately $10,000,000 subject to the

availability of appropriated funds

to be shared between FOAs IBBA
0002784and DEFOA0002785for this
ExploratoryTopic

Anticipated Awards ARPAE may issue one, multiple, or no
awards under this FOAwards may vary
between approximately $1,000,090
$2,500,000 for Category A and $500,§00
$1,500,000 for Category B.

Maximum Period of Performance 30 Months

1. Introduction

This announcement describes an Exploratory Topic (ET) ofthemgy Nuclear Reactions

(LENR}® ARPAE invites Full Applications for financial assistance in pursuit of hypotheses

driven approaches toard producing publishable evidence of LENR that is convincing to the

wider scientific community. A goal of this Exploratory Topic is to establish clear practices to
NAI2NRdzat & yagSNI GKS jdzSatAiz2ys aakKz2dz R (GKAA
potentially transformative carboifree energy source, or does it conclusively not show

LINE Y ARrd§réré objectives, technical categories, and performance metrics are described
further in Section 2.

ARPAE acknowledges the complex, controversial history of LENR beginning with the
announcement by Martin Fleischmann and Stanley Pons (FP) in 1989 that they had achieved

20We define LENR as a hypothetical engogyducing process (or class of processe#) systemenergy outputscharacteristic
of nuclear physics (>>1 keV/amu/reacti@md energyinputscharacteristic oEhemistry(~eV/atom). See further materials
from the ARPA LENR workshobttps://arpa-e.energy.gov/events/lowenergynuclearreactionsworkshop

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hg.doe.gofwith FOA name and number in subject line); see FOA Sec. VIILA
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concluded that the evidence did not support the claim eDBusion, but that research

proposals on deuterated heavy metals should be evaluated under the stapeéardeview

process’3 However, few such proposals were submitted, and none were funded by DOE.

Despite LENR being largely dismissed by the scientific research community by 1990, many
groups from around the world (including the U.S., Japan, Russia, @hththe EU) continued

to conduct varied LENR experiments and report evidence of excess heat and nuclear reactions
(including neutrons, tritium3He,*He, transmutation products, and isotopic shifts) in hundreds
of reports/papers’* However, repeatabilityf the key evidence over multiple trials of

seemingly the same experiment remains elusive to this day. This may be due to limitations in
experimental or diagnostic techniques, a lack of awareness and/or control of the key triggers
and independent variablesf LENR experiments, and/or other reasons. Furthermore, results
were typically not reported with the level of scientific rigor required by-tigp research

journals. As a result, LENR as a field remains in a stalemate with uncertain prospects for
scientfic advances and impact.

Based on its claimed characteristics to date, LENR may support a form of nuclear energy with
potentially low capital cost, high specific power and energy, and-titleo radioactive

byproducts. If LENR can be irrefutably demoatstd and scaled, it could potentially become a
disruptive technology with myriad energy, defense, transportation, and space applications, all
with strong implications for U.S. technological leadership. For energy applications, LENR could
potentially contibute to decarbonizing sectors such as industrial heat and transportats®/4

of U.S. and global G@quivalent emissions).

Within the past decade, there has been renewed interest in supporting LENR research activities
in the U.S., with prominent sponsship (e.g., Google, DARPA, NASA), that has advanced LENR
relevant stateof-the-art capabilities and methodologi#8 Some of the teams are reporting
preliminary evidenc® of LENR that are possibly consistent with past observations but that do
not yet med the program metrics presented below in Section 2, the fulfillment of which could
help break the stalemate surrounding LENR.

Zad CftSAAO0KYlLYyY YR {&d t2yaz a9f SO0 NBEKRSyakaD Cherh. int. RlgttRocaéns Ry dzOf
261, 201 (1989)https://doi.org/10.1016/00220728(89)800043.

22Gee, e.9., J. R. Huizen@ald Fusion: The Sciemtifiiasco of the Centugyniversity of Rochester Press, Rochester, NY, 1993);

E. StormsThe Science of Low Energy Nuclear Rea@fimmnld Scientific, Singapore, 2007); S. B. KHktking the AtonfPacific

Oaks Press, San Rafael, CA, 2016); and 3viB Rdsion FiascPacific Oaks Press, San Rafael, CA, 2016).

23 For the 1989 and 2004 DOE review reports, istées://www.lenr-canr.org/acrobat/ERABreportofth.paind
https://www.lenr-canr.org/acrobat/DOEreportofth.pgdfespectiely. For a summary presentation of the reviews, see
https://arpa-e.energy.gov/sites/default/files/2021LENR_workshop_Greco.pdf

24 See e.g. https://lenr-canr.organd the bibliographies of the Storms and Krivit books in footnote 4.

5088y SoIdr /b td . SNIAYIdzSGGS SaurelbToBT(204SFAaAGAYT GKS 02t R
https://doi.org/10.1038/s41586019-12566.

26 See talks from the ARFALENR workshopttps://arpa-e.energy.gov/events/lowenergynuclearreactionsworkshop

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
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This ARPA ExploratoryTopic aims to build on the recent progress with strong emphases on
testing/confirming specific hypothesésather than focusing only on replication), identifying

and verifying control of experimental variables and triggers, supporting more comprehensive
diagnostics and analysis, improving access to broader expertise and capabilities on research
teams, and inisting on peer review and publication in tér scientific journals.

2. Topic Description

ThisExploratoryTopic invites Full Applications to advance LENR research by identifying and

testing weltarticulated hypotheses on how to activate/control LENR #ett accompanying

empirical signatures. A key goal of the ET is to obtain convincing empirical evidence of nuclear
reactiong’ in an LENR experiment and publication of the evidence in di¢opeerreviewed
NBE&SIFNOK 22daNyIFf 0aSSsS {SOGA2y u! F2NJ aLISOATFTAO
SYLANROI t S dEAsR&KN Bull Applicatioms that successhaljress the highest

priority elements described in the stdections immediately below and in greater detail in the

Technical Volume (TV) template, which is available for download at the-ERR#M&ding

Opportunity Exchangeebsite (https://arpae-foa.enegy.gov/).

Additional overarching goals of tH&ploratoryTopic are to bring together new perspectives
and participants, modern statef-the-art scientific and technical capabilities, and the
experiences of longgme LENR practitioners..

Applicants mustselect only one of the following technical categoriediscussed further below:
A. LENR experiments
B. Capability teams.

A. Technical Category A: LENR experiments
The figure below summarizes Category A logic and goals.

Prior published
evidence for LENR
ror— 1 Clear identificat_ion of
to be tested LENR de;:; ff;; r‘:.-a;r;:l.:sles
Clear identification of experiments Comprehensive

independent variables .
and proposed triggers measurement/analysis plan
prop 28! (including capability teams)

Goal: Clear tests of
hypotheses that
advance the field

Goal: Convincing
evidence for LENR

L J

T
Published in a top research journal

27 ARPAE is agnostic at this time regarding the existence of LENR as a physical phenomenon (as defined ir2@)pthete
underlying mechanism(s) of LENR, and the specific nuclear process(es) involved, if any (e.g., fusion, neutron capture, alpha
betadecay, neutronization, etc.).

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hg.doe.gofwith FOA name and number in subject line); see FOA Sec. VIILA
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For Category A, Applicants must comprehensively address the following:

1 Select and justify LENR experimental platform(s) and design (i.e., methods for H and/or
D loading and LENR activation/triggeraterials structure/composition; control
experiments; background/contaminant characterization, etc.) with a clearly articulated
connection to prior published research claiming evidence of LENR

1 Articulate specific hypothesis or hypotheses to be testeduding justification at a
phenomenological level of the importance and relevance of the hypothesis or
hypotheses

1 Identify key independent and dependent variables and their desired quantitative ranges
that the proposed research will emphasize and rigoroaklyracterize

1 Propose a comprehensive diagnostic and analysis plan that minimizes the probability of
inconclusive outcomes (whether the results are positive or negative); the expectation is
a strong focus on detection of both prompt and secondary/delayedaarreaction
products, specifying the particle(s) and prompt energy ranges anticipated (and why)

91 Account for uncertainties in both background and signal in the statistical analysis with
all assumptions explicitly defined and justified; the correlatiomag all measurements
should be analyzed in a single comprehensive statistical framework with all assumptions
explicitly defined in mathematical terms. If multiple simultaneous measurements are
made, a unified statistical framework is required with cletntification of correlated
or orthogonal measurements

1 Demonstrate access to the needed broad discipline expertise and the embodied
knowledge of longime LENR researchers, corresponding to the chosen experimental
approach, hypotheses to be tested, andt&tcal analysis methodologies

1 Commit to the standard peereview process and demonstrate a willingness to submit
findings to leading research journals;

1 As stated in section IV.Ff8r Subject Inventions disclosed to DOE under an award,
ARPAE will reimlurse the Prime Recipietin addition to allowable costs associated
with Subject Invention disclosuresup to $30,000 of expenditures for filing and
prosecution of United States patent applications

1 Technologyto-Market (T2M)considerations, including

o Plausibility of proposed LENR approach to realize net energy gain and scalability
to devices with useful levels of power

o Potential first markets for a commercial system

o Other barriers, such as obtaining IP protectioonsideration for publication by
top-tier journals, etc.

9 Serious evaluation and mitigation/control of potential hazards (mechanical, electrical,
radiological, and otherwise) associated with the proposed LENR experiments, and plans
for protecting human heéh and property.

Please refer to the Technical Volume template (available for download at the-ERRAding
Opportunity Exchangeebsite fttps://arpa-e-foa.energy.govy), which provides further
guidance for preparing your Full Application.

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hg.doe.gofwith FOA name and number in subject line); see FOA Sec. VIILA
Problems with ARRPBE eXCHANGE? EniaithangeHelp@hg.doe.gwith FOA namand number in subject line).

AR311-09.16


https://arpa-e.energy.gov/faq
mailto:ARPA-E-CO@hq.doe.gov
mailto:ExchangeHelp@hq.doe.gov
httpss://arpa-e-foa.energy.gov/

Ul )|J’\|‘°\;‘\ e
| | . — - 66- //—\

To constitute convincing empirical evidence for LENR, each Applicant must describe how they
will meet the following:
1 Conduct experiments that demonstrably satisfy the definition of LEX# gn footnote
20
1 Achieve statistically significant diagnostic evidence of nuclear reactions above
background and relative to control experiments, at a level greater than 99.9% (3
statistical confidence level
T /I NEBFdzZ £ @8 ARSY (AT explangtighs, 8.§. ,ogue¥Hemi&l readtidh® a I A O ¢
resulting in excess heat, material and/or environmental contaminants, natural radiation
background, etc.
1 Publish results in a teper research journal.

B. Technical Category B: Capability Teams

Applicants seeking to contribute an expert/specialist capability that could assist multiple
CategoryA LENR experimental teams in fulfilling program objectives should consider selecting
Category B. Capabilities of interest include but are not limited to

1 Diagnostic instruments expertise (e.g., detection of nuclesaction products, preand
postexperimental materials elemental/isotopic analysis, etc.)

1 Relevant analyses expertise, including statistical analysis and Bayesian inference
G§SOKY Al dzSrdead 2 $y & S NA R icdumt, hiGhdazkgrowid 2 &
environments®

1 Relevant computational codes/expertise to aid in experimental design and data
interpretation

1 Precision materials fabrication, handling, characterization.

The primary objectives faCategory B is to bring statd-the-art instruments and capabilities to
the program and to Categow projects that may not otherwise have access to the resources
and/or expertise to quickly achieve an equivalent capability. A goal is to avoid expemaéng ti
and resources in establishing capabilities/expertise that already exist elsewhere. Capability
teams bring a neutral, independent perspective that will bolster the credibility of any reported
evidence for LENR. AREAas experience with Capability Teamsether programg?

ARPAE strongly encourages interactions between potential Categoand CategorB
Applicants throughout the application process, so that Submissions are coordinated and
complementary to the extent possible. However, CategargndCategoryB Submissions will
be evaluated independently.

21858y Soddr Woo[ HSRt DENEOTAAY 20 RERY YR aAdylt O2yBARSYyOS Ay
120 (2007)https://doi.org/10.1097/01.hp.0000261331.73389.bd
29 See, e.ghttps://arpa-e.energy.gov/newsand-mediablog-posts/fusingfurther-advancemenintroducingarpae-fusion

capabilityteams

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
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CategoryA Applicants are especially encouraged to partner with CateBokpplicants on
capabilities requiring lengthy/nuanced experience and/or expensive instruments/diagnostics. It
is acceptabledr CategoryA Applicants to either include a team member to fulfill the needed
capability or to state that they expect to work with a known Categ@pplicant. The latter is
encouraged to improve efficiency and avoid unnecessary expenses in duplicaiup @B
capabilibities . If the proposed capabilities are clearly articulated/justified, including
appropriate quantitative technical requirements, ARBAvillidentify and encourage

collaborations betweelrCategoryA and B teams during technical milestonegotiations.

ARPAEprohibitsthe same person or persons being on both a Categoand Categora
Applicant teamlIn order to ensure objectivity in the measurements takerdategoryB teams
Category A and Category B teams interested in partneringldrensure that there are no
actual or apparent conflicts of interest within or between the the teams.

Per Section VI.B.7 of the F@&ery Project Tearmustnegotiate and establish an Intellectual
Property Management Plan for the management and dispwsiof intellectual property arising
from the project. Every project that involves a Categakyawardee partnering with a Categery

B awardee will be required to have a similar planthe management and disposition of
intellectual property arising fromuch a collaboration. Such a Plan will need to at least address
the limtations, if any, on the use and disclosure of any data exchanged between the parties and
the rights of the collaborating parties to any newly arising technology for commercialization
purposes. If a CategoryB awardee is partnering with more thame CategoryA awardee, then
both the ARPA award to the Categoifg awardee and the Plan between the collaborating
parties shall include a prohibition on the Categ&gwardee sharing any dataovided to it or
produced by it to any othe€ategoryA awardee without thexpress writterpermission of the
partnering CategorA awardee.

C. Criteria and Metrics

Category A: LENR Experiments

Table 1 summarizes the key criteria/metrics @ategory A: LENR Experiments. Applicants
should clearly and concisely articulate how their Submission meets each of the criteria.

Table 1. Summary of criteria/metrics for Category A: LENR experiments.
Criteria Metrics

Maximum input f X pnn S+ LISNI RANBOGte SySNHAI

energy orvoltage anywhere in the experiment

Proposed LENR | 1 Past evidence of nuclear reactions (preferred) and/or excess he;
experimental a peerreviewed journal paper (citpapers, show/discuss key data
platform 1 Preferably, related corroboration of key results by at least one

independent group (cite papers, show/discuss key data)

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hg.doe.gofwith FOA name and number in subject line); see FOA Sec. VIILA
Problems with ARRPBE eXCHANGE? EniaithangeHelp@hg.doe.gwith FOA namand number in subject line).
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Recognition and discussion of potential hazards to property and
human safety, and demonstrated commitmeartd ability to
develop a hazard mitigation/control plan

Hypotheses to be
tested

Phenomenological justification of the significance/relevance of th
chosen hypothesis (hypotheses) with respect to LENR

Clear statement of independent and dependent varialtebe
characterized and their allowable measurement uncertainties, as
well as a statement of uncontrolled/uncontrollable variables (e.qg.
average loading fraction may be a controllable variable, but the
loading process introduces uncontrollable and pdssib
uncharacterized morphological changes to the sample)

Detection of
nuclearreaction
products

]

Justification of particles and energy ranges to be measured, and
desired temporal/spatial resolutions
Plan for achieving statistically significant diagnostic evidence of
nuclear reactions above background and relative to control
experimentsat a level greater than 99.7%gd3tatistical confidence
level, including
0 Realtime detection of prompt/secondaryuctlearreaction
products, including multiple detectors and positioning, et
as appropriate, and/or i@- and postexperiment materials
elemental/isotopic analysis
o0 Background/contaminant characterization with sufficient
sensitivity, resolution, and time ceelation to achieve the
required statistical confidence
Inclusion of or access to statd-the-art detectors and expertise

Calorimetry

Calorimetry cannot be the only nor primary diagnostic, but it can
part of the diagnostic suite, provided that laband hardware
SELISYRAGIINBE 3aa20A1FGSR 6AGK
project cost of a Catego# application

CategoryA teams are encouraged to work with a CategBry
Capability Team that has demonstrated capability in calorimetry
A comprehensivergergy-balance model that accounts for all
possible sources and sinks must be available or developed as p
the proposed work

State quantitative requirements on calorimetry detection thresho
and resolutiorbased upon analysis of experimental uncertgi

Control
experiments

Identify and justify the control experiments needed to support a
clear test of the hypotheses under consideration, and to build
confidence in empirical evidence for LENR if it is observed
Describe how control experiments are rintroducing new or
uncontrolled variables, or how these are accounted for in reachir
conclusions

Controlling
impurities and
contaminants

Plan for pre and postexperimental sample characterization for all
materials, electrolytes, and/or gases
Articulation of required characterization resolution/uncertainties

based on hypotheses being tested

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hg.doe.gofwith FOA name and number in subject line); see FOA Sec. VIILA
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Teaming I Team composition includes fireand knowledge of a past LENR
experiment that is directly related to the selected experimental
platform and hypotheses

1 Pl of his Submission has a demonstrated track record of publish
in top-tier journals

Category B: Capability Teams

Several capabilities are needed for LENR experiments to fulfill the program objectives. Classes
of anticipated capabilities and theilesired attributes are summarized in Table 2. Catedry
Applicants should clearly state the capability or capabilities they are providing (with

guantitative targets wherever possible) and the class or classes of LENR experimental platforms
that they envigon supporting..

Table 2. Summary of criteria/attributes for Category B: Capability Teams.

Capability Desired attributes and quantitative targets

Detection of prompt | 1 Description of particles (e.gkle,*He, tritium, neutrons,

and secondary transmutation/decay products) and energy ranges that can be
nuclearreaction measured

products i State achievable temporal, spatial, and energy resolutions, as well &

detection sensitivities and thresholds
1 Type of selected detectors and their strengths/weaknesses in the
context of common LENR experimental platforms
1 Plans for placing detectors in a suitable position relative to the
presumed source, including within challenging liquid or high
temperature/pressure environments
Materials fabrication |  Ability to fabricate materials samples with controlled microstructure
andpre/post- (specify feature sizes, morphology, defect uniformity, etc.)
experimental 1 Materials handling protocols to control the introduction of
contaminats
Elemental/isotopic detection thresholds and resolution
Structural and/or morphological analysis/imaging resolution, includir
direct measurement of H/lbading capable of resolving spatiotempor
variations
Mass balance and 1 Ability to provide an inventory of all species present in an LENR
spectroscopy experiment, with mass or fractional molar resolutions adequate to
differentiate from control experiments and the environmental
background
. dzR3ISG RSG2GSR G2 OF ftaaNFo)eS cok
Previous calorimetry data/results and calibrations by team appear ir|
peer-reviewed publications

structural and
elemental analysis

=a =

Calorimetry

=a =9

Vp2GS GKFG GKS tAYAG FT2N OF f 2 NRX Y-8 dpNlRationsithabhmelogde 2 F G20 F |
calorimetry, but calorimetOl y 6 S dzLJ {2 >Ku p 'z 2 ¥Bappfichtiom dzR3IASG F2NJ I / | Sz
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1 Achieved detection thresholds, resolutions, uncertainties of relevang
to leading LENR experimental platforms

9 Validated energy balance modef calorimeter and all sensors with
uncertainty analysis

Modeling/computation|  Relevant capabilities /codes to support the experimental design of

promising classes of LENR experiments and control experiments
1 Relevant capabilities/codes to support diagtioslesign, specification
of diagnostic requirements, and data/scientific interpretations

3. Submissions Specifically Not of Interest
Submissions that propose the following may be deemed-mesponsive and may not be merit
reviewed:
1 Experiments withinput energies >500 eV per directly energized particle, or >500 V of
applied voltage anywhere in the experiment
1 No clear hypotheses to be tested
1 No articulated connection to prior published evidence for LENR and of how this work
builds on the earlier work
9 Calorimetry as the only or primary diagnostic
1 Lack of a plan for obtaining direct empirical evidence of nuclear reactions
1 Purely theoretical or computational studies
1 Research plans requiring substantial diagnostic or code development beyond their
adaptation to specific experiments.
4. Content and Form of Full Applications

¢CKS O2ydSyid YR F2N¥Y 2F LI AOFYy(ilaQ ¢SOKYyAO!I
consistent with the template titled Technical Volume: Appendix A, LENR. All other instructions
setforth at FOA Section IV.C remain unchanged.

Templates for preparing Full Applications under taxploratoryTopic may be found on ARFEA
Exchange atttps://arpa-e-foa.energy.qov/

[balance of page intentionally left blank]
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XI. AppendixB: RESERVED
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XIl. APPENDIXC:OREATINGEVOLUTIONARRNERGYAND TECHNOLOGNDEAVORS
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Special Program Announcement for
Exploratory Topics (DEOA0002785)
Creating Revolutinary Energy And Technology Endeavors

Topic Issue Date February17, 2023

Deadline forQuestions tctARPAECO@hg.doe.gov | 5 PM ETEriday March10, 2023
Submission Deadline for Full Applications 9:30 AM ETTuesdayMarch21, 2023
Submission Deadline for Replies to Reviewer Not Applicable

Comments:

Expected Date for Selectidwotifications June 2023

Anticipated Date of Awards Septembey 2023

Total Amount to be Awarded Approximately $10,000,000 subject to the

availability of appropriated funds,

to be shared between FOAs IBBA
0002784and DEFOA00M2785for this
ExploratoryTopic

Anticipated Awards ARPAE may issue one, multiple, or no
awards under this FOAwards may vary
between approximately $200,000 and
$500,000. Awards are issued as Phase | g
Phase I/l grants, with a go/ago milestone
after Phase |, as applicable.

Maximum Period of Performance 24 Months

1. Introduction

The objective of CREATE is to identify and support disruptive enseggd technologies.
Projects funded through CREATE should have the potential fordaege impact. If successful,
projects should create new paradigms in energy technology and havedtential to achieve
significant advances in any of the following AHPKission Areas:
1 reducing energy imports
1 improving energy efficiencyf all economic sectors
1 reducingenergyrelated emissions, includingHGemissions
1 improving management, cleamp and disposal of radioactive waste and spent nuclear
fuel
1 improving resilience, reliability and security of infrastructtweproduce, deliver and
store energy
Awards under this program will support research projects thaalelsth potential new areas of
technology development and provide ARBAwith information that could lead to new focused
funding programs. Awards may support exploratory research to establish viability,-qikoof
concept demonstration for new energy technglpand/or modeling and simulation efforts to
guide development of new energy technologies.

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hg.doe.gofwith FOA name and number in subject line); see FOA Sec. VIILA
Problems with ARRPBE eXCHANGE? EniaithangeHelp@hg.doe.gwith FOA namand number in subject line).
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2. Areas of Interest

Applications that address one or more of ARPRA aAadaAiAzy ! NSFa 6asSSsS | o
Applicants must explain how the proposed conceppresents a transformative approach.
Applicants may propose technology development efforts with the potential for high impact in

any of the ARP£& Mission Areas.

3.  ARPAE Funding Agreement

ARPAE anticipates awarding fixeammount grants resulting from teExploratoryTopic. ARP£&

will only award a fixeéhmount grant in instances where it can be assured that the prospective
awardee will not realize any increment above the actual cost of performing ot than any
fee or profit as described in the F&G&ction VIII.L)Equal payments will be made, one following
grant award, one each upon submission and acceptance by-ER®P#fe quarterly report
demonstrating sufficient technical progress, and final payment upon submission and
acceptance by ARPRRof he final technical report. The final payment also requires certification
to ARPAE that all project activity has been completed. For additional information about-fixed
amount awards refer to 2 C.F.R. § 200.45 and 2 C.F.R. § 200.201.

In addition to the abrementioned certification, awardees will be required, inter alia, to obtain
prior approval of the ARRE Contracting Officer for changes in principal investigator, project
partner, or scope of project effort.

The maximum amount of any grant awarded untids ExploratoryTopic is $500,000. Cost
share is not required nor will be accepted for awards resulting fExploratoryTopic Topic C:
CREATE SBIR/STTR

4. Content and Form of Full Applications
Not withstanding the instructions at FOA Sectiog @/ > C GiechhitdhAVOluméFixed

AmountGrang A a NBLI I OAy 3 (KS d RO KERAANFixedt dz\CS ¢ S
FY2dzyiG DNIyi0é¢ Aa NBLX | OAy 3 -nivknSprédidedzR 3 S G  Wdza G A

Component Required Description aml Information

Format
TopicC Technical PDF The centerpiece of the Full Application. Provides a detai
Volume (FixedAmount description of the proposed R&D project and Applicant
Grant) Team. A Technical Volume template is available on ARH

eXCHANGH{ps://arpa-e-foa.energy.govy.

Notec{ SOGA2Y | yR LI IS YI EAY
Technical Volume differ from the standard Technical
Volume Template under this FOA.

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hg.doe.gofwith FOA name and number in subject line); see FOA Sec. VIILA
Problems with ARRPBE eXCHANGE? EniaithangeHelp@hg.doe.gwith FOA namand number in subject line).
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Topic C: SB24A (Fixed | XLS Budget Informatiorg NonConstruction Programs
Amount Grant) (https://arpa-e-foa.energy.gowy

Templates for preparing Full Applications under txploratoryTopic may be found on ARfEA
Exchange atttps://arpa-e-foa.energy.gov/

An award that targets the development of software, algorithms or data bases that are intended
for use by others and not just intended for internal use by the awardee may be required to
dewelop a Commercialization Plan as a milestone during performance of their award. A
Commercialization Plan must include a commitment to report to ARPA the targeted item and
address how software, algorithms or data sets that are the intended target ofviaeda will

be commercialized and which Intellectual Property rights will be asserted.-ER®&Abe open

to considering modification of the licensetained by the government in copyright to support
acceptable Plans. An Awardee may request a modificatiaghe Commercialization Plan from
ARPAE at any time.

[balance of page intentionally left blank]
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XII. APPENDI: PREDICTIVREALTIMEEMISSIONTIECHNOLOGIEEDUCINGAIRCRAFT
INDUCEINES IN THEKY(PRETRAILS)
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Special Program Announcement for
Exploratory Topics (DEOA00027%)
d t NB R A Giinde @iSissiorS Teichnologies Reducing Airctatiuced Lines in the
Sky (PRERAILS)

Topic Issue Date February 23, 2023

Deadline for Questions tARPAECO@hg.doe.gov | 5 PM ET, April 14, 2023

Submission Deadline for Full Applications 9:30 AM ET, April 25, 2023

Submission Deadline for Replies to Reviewer 5 PM ET, Junk 2023

Comments:

Expected Date for Selectidwotifications July 2023

Anticipated Date of Awards November 2023

Total Amount to be Awarded Approximately $10,000,000 subject to the

availability of appropriated funds, to be
aKI NBR 0Si6SSy Ch! &
59mnCh! 1mn nn Explonptornf DM
Anticipated Awards ARPAE may issue one, multiple, or no
reimbursable grants under this FO®Rwards
may vary between approximately $500,00(
and $2,500,000.

Maximum Period of Performance 18 Months

1. Introduction

This announcement describes an Exploratory Topic (ET): PredictivetieaEmissions
Technologies Reducing Aircraft Induced Lines in the SkyTIRRIES). The purpose of this
announcement is (1) to solicit Full Applications for the development of new techieslagd
tools related to improving the prediction of contrails that form Aircraft Induced Cirrus (AIC)
clouds to reduce the environmental impact of aviation, (2) to focus the attention of the
scientific and technical community on the specific area of ggeand encourage dialogue
amongst those interested, and (3) to provide a timetable for the submission of full
applications.

2. Topic Description

Aviation is an important part of our domestic and international transportation networks. Fuel
consuming aircrafemit a range of emissions. From a climébecing standpoint, the most
significant are carbon dioxide and water vapor. The Schigtieman criterion describes
specific temperature, pressure and humidity conditions where the mixing of aircraft exhaust

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hg.doe.gofwith FOA name and number in subject line); see FOA Sec. VIILA
Problems with ARRPBE eXCHANGE? EniaithangeHelp@hg.doe.gwith FOA namand number in subject line).

AR311-09.16


https://arpa-e.energy.gov/faq
mailto:ARPA-E-CO@hq.doe.gov
mailto:ExchangeHelp@hq.doe.gov
mailto:ARPA-E-CO@hq.doe.gov

\ RS W) “‘—d—\
Gl |J\i \ P T

water with colder ambient humid air can result in the formation of condensation trails
(contrails)3! Fortunately, most contrails dissipate in under 10 minutes and are of no concern.

However, when nucleation sites and specific atmospheric conditions exish (as Ice Super
Saturated Regions (ISSR)), engine exhaust can cause the formation of persistent contrails, which
can in turn produce persistent cirrus clouds known as airgrafticed cirrus (AIC). These upper
atmospheric clouds can last for hours andynmgrow to span several hundreds of kilometers.
Recent studies have indicated that contrails likely contribute to global radiative forcing at a level
that is roughlyequivalent to that of the C&£emissions from the entire aviation sectavhich is
estimatedto be about 2% of total global G@&missions’? Submissionfunded under this ET will

focus on the following ARPR mission area:

1. Reduce EnergirelatedEmissions Projects will develop the diagnostics and predictive
tools needed to explore further mitigation of contraélated global warming. If
successful, a total radiative forcing emissemuivalent to all C@emissions from aviation
could potentially be mitigted.3?

Unfortunately, at present, pilots, air traffic controllers, and aerospace system designers have
little to no information on whether a specific flight may result in persistent cirrus clouds. -£ARPA
envisions the development ofsystem to predict @ation contrailghereinafter referred to as an
OAviation Contrail Predictive Systénthat would be capable of informing pilots and ground
controllers in reatime whether an airplane is likely to produce persistent.ATRis new system
could foster thedevelopment of a) avoidance strategiesllowing redirection of airplanes by
ground control to more favorable (neAlQ flight trajectoriesq and/or b) onboard mitigation
technologies.

The development of an Aviation Contrail Predictive System witldsgcularly challenging in
part becauseAlC can form several hours after the passage an aircrhfis, these predictive
models will need to consider both dynamic atmospheric conditions and engine emisEloss.
may require for examplethe assimilation ofn-situ data from onboard sensor systems as well
as offaircraft observational data from groundnd/or satellitebased sources and previous flight
reports.

31 Schumann, U., 1996. On conditions for contrail formation from aircraft exhausts. Meteorologische Zeitschrift, 5,
pp.4-23.

32| ee, D.S., Fahey, D.W., Skowron, A., Allen, M.R., Burkhardteb,. @hDoherty, S.J., Freeman, S., Forster, P.M.,
Fuglestvedt, J. and Gettelman, Phe contribution of global aviation to anthropogenic climate forcing for 2000 to
2018.Atmospheric Environmey244, p.1178342021)

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
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Figure 1.An envisioned use of a near raahe AIC predictive model. Flight data and other environmental data sources are
assimilated into a begguess AIC predictive model during flight planning. Furisitu data from the current flightin-situ data

from previous or following flights, and observational data from satellite or grebased sources would constrain and improve
the model output, resulting in improved predictions and bettefflight decision support either via simple monitoring and
reporting to the pilot/flight operator or via continuously optimized tactical flight routing. The program outcome is the AIC
predictive model and data or sensors needed to make an accurate AIC prediction validated using observations.

One potential approacto exploreisthe use of predictive modeling through machine learning to
analyze data on past and present contrail formation, atmospheric conditions, and onboard
sensor systems. A computationally inexpensive, continually updak€doredictive modedould
improve foreast accuracy and thus provide feedback and decision support to flight planners,
whether prior to takeoff or whileinderway (Figure 1).

This ARPAET aims tofund project teams that wilimprove the prediction of AIC resulting from
contrail formation. It is hoped thaheseefforts will provide valuable tools for airlines and other
stakeholders in the aviation industty create and improveletailed techneeconomic analyses,
guantify effidencies, and more accurately estimate the environmental impacts associated with
the adoption of alternative fuels such as SAF or hydrogen.

3. Technical Areas of Interest

The aim of this new Exploratory Topic isstqpport the development o& predictive capbility

GKIG XNRKYSERMBHYR A0GK KAIK O2yFARSYOS O2dzf R AyH?
aircraft is likely to produce persistent aircraft induced cirrus clouds (AIC), even hours before they

are fully developedEach submission must addrege followingthree technology areas to

develop an Aviation Contrail Predictive System:

1 Aircraft, Environmental Data, and Sensor DevelopmeNew sensors or environmental
data sources may be needed to provide sufficient training and validation data for the
envisioned predictive capabilities. Contrail forming conditions are identified by the
SchmidtAppleman criterion: where water vapor content reaches liquid saturation under

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
not already been answeredmail ARPAECO@hg.doe.gofwith FOA name and number in subject line); see FOA Sec. VIILA
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specific temperature and saturation conditions in the presence of nucleation3ité¥.
Especially important are persistent contrails formed when airplanes travel through
atmospheric Ice SupeBaturated Regions (ISSR), leading to*AKS the persistent
contrail formation regime is a combination of Schrigipleman and ISSR criteria,
sensors capable of identifying these parameters accurately irtiraal are of particular
interest, e.g. sensor systems capable of measuring upper atmosphsumidity at or
below 10ppm.

1 Predictive ModelingAdvanced machine learning computational methods developed in
the past decade allow the exploration of larger sets of input data and explore complex
multivariate correlations to solve more complex prahie than ever before. ARHAIs
interested inproject teams thatexplore whether such methods can be leveraged to
develop a reatime predictive system for AIC development. To inform avoidance and
mitigation strategies, it is important that any predictiveodel gives reasonably accurate
results, minimizing false positive (type 1) and false negative (type Il) errors. For the
purposes of this Exploratory Topic, this can be captured in the balanrseor& (l-score)
which is the harmonic mean of precision anekcall. It is important that sufficient
confidence in the model exists to inform avoidance and mitigation solutions, while
minimizing unnecessary and burdensome rerouting.

1 Observer DataA predictive model needs to be trained and validated. For an Aircraft
Contrail Predictive System, this will likely require observers and additional sensors. It is
anticipated that teams will need to obtain sufficient relevant flight and observer data
from available sources or dedicatdlight tests to provide true AIC obsetions and
validation, rather than theoretical studies alone. Additionally, AlRRAvisions a contrail
reporting and observational data aggregation mechanism that mimics current tools for
turbulence reporting and could further serve to continuously refiand improve AIC
predictive modeling capabilities going forward.

33 Appleman, H., 1953: The formation of exhaust condensation trails by jet aircraft. Bull. Amer. Meteor. Soc., 34,
14¢20.

34Karche, B. 2018Formation and radiative forcing of contrail cirrus. Nature Communicati@rik324

35Teoh, R., Schumann, Wajumdar, A. and Stettler, M.E., 2020. Mitigating the climate forcing of aircraft contrails
by smaliscale diversions and technology adoption. Environmental Science & Technology, 54(5), {292041
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not already been answeredmail ARPAECO@hg.doe.gofwith FOA name and number in subject line); see FOA Sec. VIILA
Problems with ARRPBE eXCHANGE? EniaithangeHelp@hg.doe.gwith FOA namand number in subject line).

AR311-09.16


https://arpa-e.energy.gov/faq
mailto:ARPA-E-CO@hq.doe.gov
mailto:ExchangeHelp@hq.doe.gov

Ul pGie B :

4. Technical Performance Targets

A. Model k-score of at least 0:8The developed models should be able to forecast persistent
aircraft induced cirrus (AIC) cloud with an accuracy (as defined by-8wore of at least 0.8
for a period of at least-A2 hours after the passage of an aircratft.

Additionally, proposed Al@redictive model frameworks should be able to provide forecasts for

a wide range of atmospheric conditions, including both clear and cloudy skies, and will prove
their ability to provide reatime updates to pilots and flight controllers. While the feedka
mechanism is undefined for the purpose of this Exploratory Tagiplicantsare strongly
encouraged to define in their application how these model predictions will be used to inform the
pilot or air traffic control to allow for iflight tactical deci®ns. This will allow airlines to adjust
their flight routes and altitudes to avoid contrddrmation andminimize their environmental
impact.

B. Final demonstration of the AIC predictive model to achieve a minimum of five (5) true positive
predictionsof persistent aircraft induced cirrus (AIC) cloud for relevant flights at cruise
altitude while satisfying thé&-score criterion

The performance of the developed AIC predictive models must be demonstratece the end

of project via a minimum of five (5) true positive predictions of persistent aircraft induced cirrus
(AIC) cloud while satisfying tlike-score criterion For this target, persistence is defined as greater
than five (5) hours and a cirrus alb as a cloud system which spak$ km in width at relevant
cruise altitude. This will require observer validation, whether using onboard test flights, ground
or satellitebased.

C. Enabling technologie3ftansformational Sensorg:novel sensors are proged as enabling
technologies, describe how they are transformational and relevant for the AIC predictive
model to reach the outcome listed above

Any additional sensors that are needed beyond existing sensors on aircraft need to have size,
weight, and power requirements that allow them to be easily integrated with existing airframes.

5. Criteria and Metrics

ARPAE has a ambitious technical target: model performance with a validateecoreof at
least 0.8. There are several other criteria of interest in each of the relevant areas that support
that target:

1. Aircraft and environmental data and sensor developmemnglevant data factors need to
be identified and measured with sufficient accuracy. This might be a combination of
aircraft speed, altitude, aircraft and engine model, fuel type, humidity, pressure, weather

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
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forecast, or other relevant atmospheric data.clfirrent sensors are insufficient, new

sensors might need to be explored. Target sensor performance metrics should be
described in the submitted application within the context of meeting aét O2 NB X 1 Py
metric.

2. Predictive modeling approachest is antcipated that advanced predictive analytical
methods are required to identify relevant parameters and develop correlations which can
yield a reasonably high accuraeyg -3 O2 NB % ndy s &aidNRy 3t & NBRdz
positives and false negative§hese predictive models require validation of their
LISNF2NXYIF yOS 6@ A RS {nilidvlicBhApgrastinglBno flevief tian flve /| x|
(5) hours at relevant cruise flight altitude.

3. Observer data to validate and train the predictive modeklevant observer methods
need to be deployed, developed, or invented to provide feedback on whether aircraft
contrails lead to AIC, and will play a critical role in validating model predictions. This can
be a set of ground observer systems near relevifight corridors, aircraft mounted
observing sensors, or spabased observer data, as well as any other available aviation
data sources. For the purposes of this new Exploratory Topic, limited relevant test flights
for data gathering and model validationight be required.

Successfyprojectswill developa singleAIC predictive modelnd willincorporatetwo interim
Go/No-Go decision points at intermediate steps, delimitating three distinct project performance
focus periods:

Period 1: Development of sesors and predictive model frameworkdentify any sensor data
sources, sensor development needs, and flight and/or other data requirements and explicitly
state them with Pass/Fail metrics for each. These Pass/Fail metrics must be directly attributable
to successfully meeting the overall model prediction metri€edcoreof at least 0.8.

Period 2: Gathering of test and observer data and development of AIC predictive model:
effective training of the AIC predictive model using the gathered data and exjoloron how to
integrate such systems within the aircraft to provide feedback to pilot, air traffic control, and
other relevant aerospace system design teams.

Period 3: AIC predictive model demonstratioftight testing or other demonstration in relevant
conditions of the proposed approach, including a minimum of 5 successful true positive AIC
predictions, while satisfying thig-score criterion This can include flight tests or demonstration

on available and validated datasets. The criterion for validation is prediction of contrail cirrus and
observation of the resultant AIC persisting for no fewer than 5 hours and spanning at least 1 km
in width.
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6. Submissions Specifically Not of Interest

Submissions that propose the following may be deemedme®ponsive and may not be merit
reviewed:

1 Incomplete solutionsany system or systems that do not result in a predictive capability that
meets the aforementionediFscore criterion. This includes sensors solely for atmospheric
measurement, or models for a single component of the AIC forming condigompsniodels
of single parameters such as convection, temperature, humidity).

1 Solutions not relevant to majority of commercial fliglgey technologies that operate
solely outside of currently accepted flight commercial flight paths (whether altitude, aircraft
or flight path) are not of interest.

7. Content and Form of Full Applications

¢tKS O2ydSyd FyR F2N¥Y 2 §shallfdldv thSihsyuitdm ant BeOK Yy A O f
consistent with the template titled Technical Volume:-BBA00027&. All other instructions
set forth at FOA Section IV.C remain unchanged.

Templates for preparing Full Applications under this Exploratory Topibeéyund on ARRE
Exchange atttps://arpa-e-foa.energy.qov/

Commercialization Plan and Software Reporting

All projects funded under this ET target the development of axso# model. Therefore, if

your project is selected and awarded following award negotiations, you will be required, as a
milestone, to prepare a Commercialization Plan for the targeted software and agree to special
provisions that require the reporting tfie targeted software and its utilization. This special
approach to projects that target software mirrors the requirements for reporting that attach to
new inventions made in performance of an award. Because the Plan is called a
Commercialization Plan és not mean that an awardee will be required to make the software
publicly available. An acceptable Plan may indicate that the awardee will use the software
internally within its own enterprises.
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XIV. AppendixE:RESERVED

[balance of pagententionally left blank]
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XV.AppendixF. Novel Superconducting Technologies for Conductors
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Special Program Announcement for
Exploratory Topics (BEOA000278&)
Novel Superconducting Technologies for Conductors

Topic Issue Date May 25, 2023

Deadline forQuestions tctARPAECO@hg.doe.gov | 5 PM ET, Friday, June 30, 2023
Submission Deadline for Full Applications 9:30 AM ET, Tuesday, July 11, 2023
Submission Deadline for Replies to Reviewer 5:00 PM ET, Friday August 11, 2023
Comments:

Expected Date fa®election Notifications September, 2023

Anticipated Date of Awards December, 2023

Total Amount to be Awarded Approximately $10,000,000 subject to the

availability of appropriated funds,

to be shared between FOAs IBBA
0002784 and DEOA0002785 for this
ExploratoryTopic

Anticipated Awards ARPAE may issue one, multiple, or no
awards under this FOAwards mayary
between approximately $1,000,090
$10,000,000.

Maximum Period of Performance 36 Months

1. Introduction
This announcement describes a reseaaol developmenti K NJz& (Novel’SiperéRdudling
Technologies for Conductebst. ¢ K S  LJdzilihdiicénerd i$ to (1)fdcus the attention of
the scientific and technical community on specific areas of interest related to the manufacturing
processes dhigh-performance, rapidly producesliperconductingapes (2) encourage dialogue
among those intersted in this area, and (3) provide a timetable for the submission of full
applications.

2. Topic Description
Widely availabléow-costhigh-temperature superconductim(HTS}japeswould encourage their
use into severaknergyrelated applicationsthat coud have major implications in the energy
transition. The superconductors targeted in this FOA are expected to help enable the market
growth and proliferation of nucleafusion3® superconducting cables for the electric g#Hd?
electricaviation®® and superconductebased electric generators/motor§:*!

. @ 2 y3ar {d ! & D2 dzNI | enagnetsaitve RO edrgsearchBedsifod apahyishigkrtBrapedaiireS
4 dzLISND2 y RdzOG A y 3 Insttuments volOR o Ridd, 2@ HoE £0.3390/instruments3040062.

37 T. Stamm, P. Cheetham, C. Park, C. H. Kim, L. Graber, and SéPargidg St 31 a8& & St SOGNA Ol-toolédy adzA F GAZ2Yy |
3 dzZLISND2y RdzOGAY 3 LR SN OF ot Sazé 42,200, dd: S04 I0NMEl.20gR0HEE697. a | 3PS F2f ® oc I

8. ® al NODKA 2y keyiperatSrésupkréodubictivitybpplishfon readinesamap - energydelivery- transmissionsubstation and
AAAGNROdzEAZ2YTE L999 ¢ NI 53405 RI2E, doi: J0AATETMBRYRBOR22HB2t & 00X y2 o

39 https://arpa-e.energy.gov/technologies/exploratoppics/aviatiorpower-distribution

ol d ,o0lyST SG NAGZAaaG8(LY OBBNYNRESONR23ISYAO St SOGNRO LINRPLIzZA &8A2YZé Lht |
2022, doi: 10.1088/175899X/1241/1/012034.

41 https://arpa-e.energy.gov/techologies/programs/ascend
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Superconductors are materials that have zero electrical resistance when operated at
temperatureT,electrical current, and magnetic field Belowa critical temperature {, acritica
current k, and a critical field 8respectivelyThis triad of critical parameters are interdependent
such that, at lower temperatures, superconductors may be able to operate at higher currents or
under a higher magnetic field before quenching occure,., before they lose their
superconducting properties. HTSich as YBaCuwOr t,ewhich is part of a larger family of
compoundsknown as Rare Earth Barium Copper Oxi@REBCY are a particularly attractive
technologybecausef they areprocessed appropriately they camaintain high critical current in

high magnetic fields (i.e., > 20afJow temperatures (i.e., 20 K with YHor applications such as
high-energy physics and nuclear fusi$or can work at higher temperatures (i.e., up to 77 K
with LN) in lower magnetic fields (<D for applications such as electric motors and generators,
transformers, higkspeed maglev tragportation, and electric power transmisgig’3842

Although they have superior performance, HTS are more difficult to manufacture than low
temperature superconductors (LTS). LTS suciobsumctitanium are simple metal alloys which

are malleable and are easily and cheaply manufactured into wires or tapes. However, they
generally have critical temperatures less than 30 K, use liquid helium cooling (4eK) to
improve their critical currentc) and ae not capable of opeting in very high magnetic fields.
Converselythe most promising higkemperature superconductors, such BREBCO, are brittle
ceramics which often require a combination of multiple sequential processing steps, multiple
layers of sequential deposition, and highly controlled growth processes. These factors lead to
difficult and costly manufacturing for HTS tapes.

The manufacturing process of REBCO tapes starts with a substrate layer which typically consist
of a thin, long, flexiblemetal foil that provides mechanical support as well as thermal stability
(see Fig. 3afdRef*3, for example). The width and thickss of the substrate can vary depending

on manufacturing process capabilities and customer requirements. Currently, the substrates are
© 30-150um thick and 12 mm wide. Wider substrates could be an area for manufacturing
improvement. In terms of customeequirements, thicker substrates may allow for higher proof
strength which could be needed when tapes experience large electromagnetic forces during
operation, while thinner substrates can allow for smaller bendiadjii before critical current
degradationwhich is a consideration when wrappihty Sapes onto formers for cabled:#> The
substrate is processed to provide a smooth, aligned crystalline structure for the REBCO layer
epitaxial growth through the use of various oxide buffer layers combined amheam assisted
deposition (IBAD), inclined substrate deposition (ISD), or a rolling assisted biaxially textured
substrate(RABITSnethod.

2Y® aAildzy2z ad {dAAY2ZI ad ¢! yrealstak REBC® Cail for thnhstiation of ma@d@not@efdcS y & 2 F |
2F 1tan 1! Zé vo NBLID32BI20M, doi: D 2X1Mrtriqr.y8% 3982 & n X LILIP omy

43 L. MacManuss N& &4 O2f f | y R Précessing eénd applicalisied Hgh teraperature superconducting coated conductéidature
Review Materials, vol.6, pp. 5&04, 2021 doi: 10.1038/s4157821-002903.

“pd WAFYy3 Si Ffodz awSOSy il RSJSHZIRES ByiusingyhiR hastelldySubdtidt@aRSzéngheiz y 2 F KA IK W
{ dzZLISND 2 y RdzOG 2 NJ ¢ S OKTeehhoR, 3ak X3¢ no.{7 0a74808.2@2¢, Rob 10{1088/H8BEB/ab90c4.

.0 2Ly3dy 50 INDSEFSI T {@ /FALAZ {® ho t NEsatedcomlyehdrs medtwiththe 6 A Z YR ¢ d
constantLIS NA Y S (G SNJ 382 Y S i.sEparéondl, ®I927, ne. 8/16604019, 2017)ldbi: 10.1109/TASC.2017.2766132.
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Once the substrate is ready, the REBCO is then applied with several passes through deposition
processes such asiBed Laser DepositiofP[ D), reactive sputtering/evaporation, metal organic
deposition (MOD), ormetal organic chemical vapor deposition (MOCMB}h precise
temperature,chemica) and dopant controls. As the REBCO layer gets thickerghmity growth

is difficult to maintain and control. Thus, the critical current densitydefined as the ratio otI

to the crosssectional area of the REBCO layeyenerally decreases with each pass of the tape
through the deposition process. Preventing degradation: ssXhe REBCO layer gets thicker is
an active area ofesearch64’ Outcomesof this research and development could result in less
chemical spece needed, fewer or faster passes through the deposition processes, and longer
lengths of tape without critical current dropouts leading to cost savings, faster production, or
improved capability to meet customer performance requirements such as uniformerdur
density over long lengths to eliminate end tape connections and improve current balancing in
parallel tapes. Other process adjustments in the buffer and HTS layer to impoarealso relate

to the creation of field pinning defects for high magnédiadd operation 4348495051

Once the REBCO layer is complete, the sheet can be slit into narrower tapes typ&atign 1
wide. Burrs orcracks resulting from the mechanical slitting of these wider tapes into narrower
widths for specific applications can lead to a reductioncirLaser slitting is becoming more
common and generally causes less degradation though could still have a satalffeeted zone
(HAZ) of a few tens of micrometers where the tape can be dam#&ged. few micrometershick
silver layer is generally deposited to protect the HTS lbgéore and/or after slittingFinally, the
entire conductor is usually coated withcopper stabilization layer that can hethick as50 pm
depending on customer specifications which are often related to quenching requirements.

The performance of the HTS can be defined by (i) its critical current per unit Wigitn A/cm
width) and/or (i) its engineering current density(ih A/mn¥) defined as the ratio of &t a given
temperature and magnetic field and the cressctiond area A of the completed tape including
all layers, i.e.,e> L/A. The engineering current densityis an important parameter particularly
for highrdensity magnets as it indicates how tightly coils canpbeked* Thereported tape
length achieving givenlyw or Zis also a key metric as it indicates if uniformity can be maintained

®{d /| KSy Si HghpedornadcOREBRD tdpédina BHoale advanced MOCVD tool witHime 2D- w5 a8 &30 SYZé L 999 ¢ NI\
Supercond., vol. 31, no, 660025, 2021, doi: 10.1109/TASC.2021.3058868.

47 A Markelowtal aHD | ¢{ SANB 6AGK SyKIyOSR Sy3aiaAySSNAy3d OdaNNByid RSyarde I
i K A O1Bfdgr@ss b Superconductivity and Cryogemials 21, no. 4, pp. 283, 2019, doi: 10.9714/PSAC.2019.21.4.029.

8K Tsuchiy G |t ®X &/ NARGAOFE OdzNNByid YSFadaNBYSyid 2F 02 YY&NIK/|doi: wo. / h O:
10.1016/j.cryogenics.20105.002.

92 @d hQbSAttZ ! tadNIFFHAG YIFIOKAYAYy3a 2F KAIK (B YILSS NIIKi&dZNESO 3a5d2L ISONEOR YR d20% @
AFRIAFOSRIKTR20230012.

Spd ad {GANROLEFYR S |fdX a¢dzyl otA2 yRAAWNIW aRM2 ViIFAT2AyT 82 F2 Fw LIV yhy A0R23 GGBRy (1ICNA
Supercond., vol. 33, no, 8000205 2023, @i: 10.1109/TASC.2023.3240384.

Slad tFARLAEE A  SperforrhadcE 4o DNRIKAO 12 FAKAYI/ WO . / h (1 LIS& R2LISR gAGK KI FyAdzy
Appl. Supercond., vol. 31, no.6500405 2021, doi: 10.1109/TASC.2021.3060366.

2ZYaAYX ,® [AX td {2y3II ad DdzZyX Cod CSydas IyR ¢ vdzZ aS7adOE 2t NSAAS¢
Superconductivityvol. 1, 100007, 2022, doi: 10.1016/j.supcon.2022.100007.

5 W. N. HartnettetalY &/ KF NI} OGSNAT FGA2y 2F SR3IS REYF3S AyRdzOS FEngRes. B®ress h & dzLJS NX
vol. 3, no. 3, 035007, 2021, doi: 10.1088/26&05/ac0fc3.

5 R. C. Duckwortet al> &/ 2 y OS LIi dperforman&edohsitigfatidny f&superconductingmagnets in thematerial plasmaexposure
exLJS N YIBBE (T 1@rss. Plasma Sail. 48, no. 6, pp. 1421427, 2020, doi: 10.1109/TPS.2020.2985948.
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over a substantial length of tape through the manufacturing process. Variousaittbe-art
metrics have been reported in recent literature. While statistical unifoyrbetween batches is

also a very important metric, data is sparse. The reader is also referred to recent publications as
cited in thisTopicfor further review of stateof-the-art HTS fabrication and manufacturing trends.

While there are many areas of improvement and investigation associated with HTS that may be
inextricably relatedthe primary focus of this FOA is on novel fabrication methdds HTS tape

or wire that can concurrently (i) increase the continuous tape oirevlength, (ii) reduce the
electrical variation along the tape or wireand (iii) increasethe overall production ratewhile

(iv) significantly redutg the production costs and (v) maintaing a high level of tape
performancecharacterized byicw and 4. Therefore ARPAE seeks proposals for nowssalable
superconducting manufacturingiethodsthat can increase the production rat# high-quality
superconducting tape or wireswith uniform performance parameters.

A. Technical Areas of Interest
Technical areas of interest could include methods to improve the speed and quality of
manufacturing with faster deposition, fabricate higher quality tapes with highgeot X, reduce
processing stepsncrease tape width, and/or reduce required chemispkcies and verifiably
translate these improvements to tape production with clear reductions in cost by a faici®x,
per theTopicmetrics, andanincrease in production speed for a single production lipplicants
mustdiscuss limiting factorstia SEA &G Ay G(G2RI @8Q& LINRRdzOGAZ2Y LN
as well as how they propose to greatly improve those processes. In order to achieve the
ambitious cost metric, such improvements should be for a single HTS tape or wire production line
rather than counting on economies of scale with multiple production li@bker manufacturing
aspects such as reducing performance degradation due to axial strains, improving slitting
processes and cable production methods, or expanding fabrication into-tapkior multiwire
structures are also important for the overall performance in the different applications and should
be considered as they relate to thepicobjectives or proving out the metrics; however, they
should not be the singular focus of any posal.

The areas of interest includeowel manufacturingtechniquesand processes such as those
discussed above that will demonstralilycrease superconducting tapeutput from a single
production line for tape operation either:

A. at highmagneticfields L0-20 T)in the temperaturesrange of20-40K,or

B. at low magnetic fields (< 1 T) in the temperatures range ef BX accessible to liquid nitrogen.

B. Technical Performance Targets
Superconductor tapemetrics and goals of thisTopicare outlined inthe Table below. Every

submission must describe how the proposed technology will be able to comply with mfrics

A6 and report the remaining metrs in Table An addition, @ch submissiomust specifythe
intended application(s) and thassociatedyelevant metricsfor the proposedtechnologyand
support these metrics via justifications in the body of their technical volume. The applicant should
also describe how the tape will be handled and used in producing the final product(s) in the
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application of interest. In particular, the pathway to achieving the aggressive cost metratric

A.1 must be described in detail.If a metric is not considetkor is changed from th&opic
suggestedgoal the applicant must describe in detail the reason for the omission or change,
respetively For example, i& tape has exceptional performance at 7,7tlke applicant may be
able to provide justificatioras to wty a tape with lower critical current density at 20 T, 20 K
should be acceptable or if the proposed solution is for wider tapes and/or those higtier
ampacity the applicant may be able to justify a lower production rate per year.

TableA. Comparison of thédTS tape manufacturinfopicgoals and proposed solution.

ID Performance parameter Productiorr Topicgoak Proposed solutio
level SOA and justification

Al Production Cost (in $/kA m) 100 <10

A2 Continuous tape or wire lengtfm) 500 >500

A3 Variation along continuous length of 300 ) < 10%

as percentage cA5or A6

A4 1 (A/mm?)* ~600 > 600

A5 lew (A/cmrwidth)* ~500 > 500

A.6 | Tape fabrication width prslitting (mm) 12 >12

A7 Projected pogluctign rate for single proces ) Applicant specified

line (in km/year)
A8 Magnetic Field (T) 0.01-20 | Applicant specified
A9 Temperature (K) 20-77 | Applicant specified

Allowed compressive strain without
degradation tod

A.11| X consistency between 3 lots of 300 m ({ - Applicant specifieg

A.12| HAZ, crack, or burr size due to slitting (f 10-50 Applicant specifieg

Al13 SC epitaxial film growth rate (nm/s) 3-50 Applicant specifieqg

A10 1.25% | Applicant specifieg

Al4 SCepitaxial layer thickness (um) 1-5 Applicant specifieg
A15 Substrate thickness (um) 30-50 Applicant specifieg
A.16 Copper plating thickness (um) 5-50 Applicant specifieq

*at the temperatures and magnetic fields specified by the applicatioh8andA.9.
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XVI. AppendixG: Production of Geologic Hydrogen Through Stimulated
Mineralogical Processes
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Special Program Announcement for
Exploratory Topics (BEOA000278&)
Production of Geolodg Hydrogen Through Stimulated Mineralogical Processes

Topic Issue Date September7, 2023

Deadline foiQuestions ttARPAECO@hqg.doe.gov | 5 PM ET, October312023

Submission Deadline for Full Applications 9:30 AM ET, October22023

Submission Deadline for Replies to Reviewer 5:00 PM ETNovember 272023
Comments:

Expected Date for Selection Notifications January 202

Anticipated Date of Awards April 202

Total Amount to be Awarded Approximately $10,000,000 subject to the

availability of appropriated funds,

to be shared between FOAs BBA
0002784 and DEOA0002785 for this
ExploratoryTopic

Anticipated Awards ARPAE may issue one, multiple, or no
awards under this FOAwards may vary
between approximately $1,000,090
$2,500,000.

Maximum Period of Performance 24 Months

1. Introduction

It is anticipated that hydroge(tb) will be critical to our efforts to mitigate the climate impact

of our energy systerthrough its use as a reductant or energy source in applications that have

typically been served by fossil fuels. Howeverhave the desired climate impact, hydrogen

must be produced via climateeutral means. Current global hydrogen demand is
FLILINRPEAYIFGSt@ mnn YAftA2y (2yySa 6altokéSINE o
Zero by 2050 Roadmap requires 500 Mty of hydrogen by 2058. At present, steam

YSOUKFIYS NBF2NYAY3I o0{awld Aa dzzdtR$1.602g)biN2 RdzOS a3
generates ~10 kg Gg HD G.tdzS¢ o6{aw ALK OFNbB2yYy O LI dzNB
powered waterelectrolysis) hydrogen are more climageS dzii NI € € G SNy A @Sa O
K@ RNR3ISYy® G.fdzS¢ YR a3INBSy¢ KE@RNR3ISY | NB o685
$2.00+/kg and $3.00+/kg, respectively. In addition to producing hydrogen at a higher cost than
traditional SMR, both have approaspecific challenges:

G. tdzS¢ | @RNRISYY
1 Storage ofyigatonnes (Gtpf CQ/year;

1 Greenhouse ga&GHGEMiIssions through losses in carbon capture and upstream
YSUGKFYS tSI1a O2NNBALRYRAY3I G2 Fo2dzi wmux

55 Inflation Reduction Act of 2022
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1 Competition for carborfree electricity with other decarbonization effortand
overallemissionmitigationwill depend on the electricity supply;

1 Critical minerahvailability to meetrequirements for both electrolyzer
production and the wind/solar generation capacity to power it.

Thus, it is important to develop alternate routes to low cost (<$1/Kgard low enssions
(<0.45 kg Cfe/kg H) hydrogenr®

The subsurface continuously generates and consumes hydrogen through natural geochemical
and biological processé$.There has been recent interest in the discovery of naturally
accumulating deposits of subsurfalegdrogen, such as efforts by the United States Geologic
Survey (USG8)Estimates vary from as little as 500,000 tonnes/y&tr as much as billions of
tonnes/yeaf®6162 of hydrogen being produced in the subsurface and accumulating in areas
where minegalogical production processes are faster than consumptive biological processes.
While the supply of naturally accumulating hydrogen, in and of itself, is potentially impactful on
GKS ! d{ ® SySNHe& S 02y ZhisahE théoneal potetial tolpfodiceS | NI K Q &
around 150,000 Gt Hrom the reaction of Fe(Il) within 3 km of the surféédxploiting a smalll
percentage of this source through stimulated mineralogical processes could yield larger
guantities of hydrogen than what are produced naturally. For reference, k Gaddenough
energy to power the entire U.S. for a y€4rThus, enmeering the production of subsurface
hydrogen could potentially enable the productionsefbstantial amounts aflean energy.

ARPAE, under a combination of Exploratory Topics (ETs) G and H (hereinafter referreti¢o as t
Geologic Heffort), seeks to fud the development andalidationof technologieghat can

stimulate the generation of hydrogen within the subsurface by enhancing/accelerating natural
mineralogical processe$iven thesubstantiar e sour ce potential of mate
crust,successfutechnologiesieveloped under this new effort widlad to hydrogen production

with the lowest cost (<$1 kg# emissions (<0.45 kg ¢&0H,), and resource consumption with

56 Hydrogen Shot | Department of Energy

57N. Dopffel, B.A. Atepec, J.R. de Rezende, D.Z. Sousa and A. Koerdt, Editorial: Microbiology of underground
hydrogenstorage, (2023).

%8 G.S. Ellis and S.E. Gelman, A preliminary model of global subsurface natural hydrogen resource potential,
Geological Society of America Annual Meeting Octob&?, 2022, Denver, Colorado, Geological Society of
America Abstracts with Bgrams, v. 54, no. hittps://doi.org/10.1130/abs/2022AM380270

59B. Sherwood Lollar, T.C. Onstott, G. Lacra@palome, C.J. Ballantine. The contribution of Precambrian
continental lithosphere to global4broduction. Nature.516, 379382 (2014).

60 E. Hand, Hidden hydrogeBcience379, 630;636 (2023).

61F. Klein, J.D. Tarnas, W. Bach, Abiotic sources of molecular hydrogen ol keantnts16, 1924 (2020).

62/, Zgonnik, The occurrence and geoscience of natural hydrogen: A comprehensive Fevthviaci Re203,
103140 (2020).

63G.S. Ellis and S&elman, A preliminary model of global subsurface natural hydrogen resource potential,
Geological Society of America Annual Meeting Octob®?2,2022, Denver, Colorado, Geological Society of
America Abstracts with Programs, v. 54, ndat¥ps://doi.org/10.1130/abs/2022AM380270

64 The lower heating value ofzlis ~33 kWh/kg, 1 Gt of H would yield ~33,000 TWh (~112.6 quads, greater than
U.S. energy consumption (EJA)
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minimal disruption to the surrounding environmeihis outcome supports the goalst for
ARPAEunder 42 U.S.®& 16534c)to (1) reduce importdy minimizing the need for critical
YAYSNI £ a F2N a i ¢ficier\ByRitNiEng Byyrdgencas adprimary energy
source for electricity (aspposed to as an energy carrier with a 30% energy loss); and (3)
reduce emissionsia the provision of ultrdow-GHGemission H

ARPAE seek$ull Applicationso develop technologies that can lead to the production of
stimulated geologic hydrogen at losost and with low emissionsThe Agencys specifically
interested in:

1. ET GTechnologies that stimulate hydrogen production from mineral deposits found in
the subsurfacéncluding developing our understanding of hydrog@oducing
geochemical reaction&.g, serpentinization) and of how to enhance or control the rate
of hydrogen production through external stimudi.§, physical, chemical, or biological),
and

2. ET HTechnologies relevant to the extraction of geologic hydrageluding
improvements in subsurface transport methods and engineered containment, reservoir
monitoring and/or modeling during production and extracti@nd, strain, leakage,
and/or other risks).

ARPAEtargetsfor geologic hydrogen productidior this effort are provided inTable 1 with a
more indepth discussion of technological metrics that applicantsstaddress irSection 4of
this ET.

Tablel. Overall ARPAE Geologic H targets for geologic hydrogen production .

Metric Geologic HTarget
H. cost at the wehhead <$1/kg H
H, GHG(from production) <0.45 kg Ce/kg b
Hydrogen purity >20% (volumetric) at the wdikead
Deposit potential >10 Mt H

>1 million n¥/day H

Deposit productior{from formation) (>30,000 tonneyear H)

2. Topic Description

Under theGeologic Heffort, ARPAEseeks to fund the development amalidationof
technologies that can lead to the lowest cost and low@btGemission hydrogen from the
subsurface.These ETs aiaterested insupportingthe development of upstream technologies
to the welthead.

This Hincludes Category 1, understanding and e¢ohing the stimulation process, and
Category 2, developing tools to model, monitor, or mitigate geological processes and risks.
Engineering methods to economically extract the hydrogen through containment or
separations is the focus &TH: Subsurface igineering for Hydrogen Reservoir Management.
If successful, thisffort could potentially enable the production of enough hydrogen to
decarbonizdghe most challenging industries.
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A. Topics of Interest

The following is a heexhaustive list of technologies that are of interest EOFG. Applications
can address one or more technologies:

1 Stimulation and generatiortechnologies which enhance the natural rate of
serpentinization or other equivalent hydgen producing geochemical reactioresy,
reduction of iron bearing minerals in banded iron formations, clinkers).

1 Modeling approachesviethodsand toolsto predict the viability of subsurface resources
for stimulated hydrogen generation, inform reservaianagement, or assist with
stimulation efforts.

1 CharacterizationMethodsand toolsto map subsurface and ocean floor resources) (
ultramafic formations or other candidate formations) and quantify physiochemical
properties of interest, specificallptal Fe content, Fe(ll) concentration, Fe(ll)/Fe(lll)
ratio, specific surface area, permeability, or other parameters relevant to stimulated
hydrogen generation.

B. Topics Not of Interest

Applications that propose the followirtgchnology conceptmay bedeemed nonresponsive
and may not be reviewed or considered

1 Methods focused on identifying, managing, and monitoring hydrogen reservoirs, as well
asassessinghe risk of hydrogen reservoir development. Proposals of this focus should
apply toET H: Subsurfac&ngineering for Hydrogen Reservoir Management.
Gasification of existing hydrocarbon reserves in the subsurtage ¢oal, oil reserves).
Subsurface conveiean of methane into hydrogen.

Technologies focused solely on extraction of naturally occurring/accumulating
hydrogen.

1 Methods of producing hydrogen that require carbon sequestration to meebtrezall
Geologic HGHGarget.

Applicationdocused on geneting subsurface hydrogen through electrolysis of water.
Technologies that are fully mature in other secta@gy( geothermal or oiandgas) and

do not require substantial innovation to support subsurface hydrogen production.
Subsequent applications andes of hydrogen downstream of the wakad.

1 Applications that do not address Category 1 (see Section 3. Technical Categories).

C.TechnologyTo-Market (T2M)

= =4 4

= =

=

Current domestic hydrogen production is predominantly via SMR through merchant hydrogen
producers. If theverall Geologith targetof $1/kgH. can be reached, geologicaflyoduced
hydrogen would be competitive in thosearkets®® Hydrogen demand coulalso evolve from

55 Inflation Reduction Act of 2022
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local use opportunities to regional gathering, or as an input to other regional market
opportunities €.g, petrochemical, ammonia, steelmaking).

For this E,applicants should:

1. Identify a potential commercial pathway awdmmercial transition partners for their
proposed work.

2. Show how their proposed technology contributes to meeting the ov&ablogic K
targets for cost and emissions. The applicant should clearly identify the boundaries of
their technology and provida preliminary techneeconomic assessment (TEA) and Life
Cycle Assessment (LCA) in theill Applicationin their analysis or justification,
applicantsmustshowwhich current or conventional technologies can be directly
implemented (known costs), as wakwhichnovel technologies need to be developed
(unknown costs).

3. Technical Categories

ARPAE has identified two major technical categories. Category 1 is related to the investigation
of stimulation methods to rapidly enhance the natural rate of logkn production from

mineral sourcesCategory2 is centered around the technology needed to manage the
production of hydrogen through reaction modeling and monitoring.

Applications must address Category 1 and are also encouraged to address Categary 2 as
complementary category to Category 1.

A. Category I¢ Stimulation

This category is focused on developing methods to enhance, control, and sustain
serpentinization or other relevant processes for the generation of hydrogen, and is open to any
approaches to do so in an economically feasible and sustainable way. Approbictiesest

may be physical, chemical, thermal, or biological in nature, or any other approach. The final
deliverable must include experimental datastwow that the technology meetke overall

Geologic Hland Category specific performanctargets. Conputational modes or simulation

data are optionakndencouraged.

The stimulation of subsurface hydrogen production represents a potentially much larger
hydrogen source than the passive exploration/exploitation of naturally occurring hydrogen.
With an aerage yield of 24 kgh/m3 upon complete oxidation, the #0kg of ultramafic
LISNAR2GAGSa A ykmibKefist &ah dgebiekat@ &p talz0dLtiflidld tons of hydrogen,
sufficient for 250,000 years at a rate of 400/tt¢ Additionally, these formions are

56 p, B. K&imen, J. Matter, E. E. Streit, J. F. Rudge, W. B. Curry, J. Blusztajn, Rates and Mechanisms of Mineral
Carbonation in Peridotite: Natural Processes and Recipes for Enhanced, in silaf0Ore and Storagé&nnu.
Rev. Earth Planet. S8B, 545576 (2011)

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
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annually refreshed at a rate of kg yrthrough tectonicactivity8” To stimulate the
serpentinization for hydrogen production, water is injectadsituin identified reactive

formations, from which hydrogesaturated water can be collected from recovery wells
surrounding the injection poin It is estimated and supported by laboratory scale

experiments that a rate of 5 MtiHyr for 1 kn? of peridotite (5x1C kg/s forserpentinization in

the same conditions) can be achieved withwtS6 Fe(ll) concentratioff. Furthermore, this

process can be expanded to other rock formations that contain valuable elements (Li, Ni, Co) or
ex situsources (Feich mine wastes and steel slaga$ well as using seawater or wastewater

for natural oxidation of iron. However, thengineering of serpentinization in ultramafic rocks

and other hydrogen producing mineralogical processes is not well understood. Recent research
has evaluated the equilibrium and kinetic dynamics of this prot&3s.

B.Cakgory 2¢ Modeling and Charadrization

This categorys focused on methods to understand, predict, and monitor stimulated hydrogen
using innovative modeling and characterization approach&®posals focused on predicting
and evaluating the yield and scale of stimulation methodsyelsas methods to monitor,
characterizeand confirm stimulation production, are of particular interest for this category.

The subsurface dynamics of hydrogen are poorly understood. In addition, existing technologies
and methods for characterizing thelssurface were originated in the oil and gas sectdrgre

the needs are very different than stimulated generation. Oil and gas characterization and
modeling methods are focused on interpreting fluid flawy, hydrocarbons, brine) in porous

rocks €.g, sandstones, shale$).The subsurface generation mechanism of hydrogen is

typically a mineralogical reaction, likely within crystalline rock, in which iron bearing minerals
react with water to create gaseous phasgdrogen’® These processes are staobservable in
extreme environments, such as tectonic subduction zones, bustdrédeing investigated*

The nature of ultramafic rocks is very different from that of porous clastic rocks, necessitating
new approaches to characterization and modeling

57p. B. Kelemen, J. Matter, E. E. Streit, J. F. Rudge, W. B. Curry, J. Blusztajn, Rates and Mechanisms of Mineral
Carbonation in Peridotite: Natural Processes and Recipes for Enhanced, in silaf0Ore and Storagé&nnu.

Rev. Earth Planet. S8B, 545¢576 (2011).

88 F, Osselin, C. Soulaine, C. Fauguerolles, E. C. Gaucher, B. Scaillet, M. Pichavant, Orange hydrogen is the new
green.Nat. Geoscil5, 765769 (2022).

69p, B. Kelemen, J. Matter, In situ carbonation of peridotite for st@age.Proc.Natl. Acad. Scil05, 17295,

17300 (2008).

0T. M. McCollom, W. Bach, Thermodynamic constraints on hydrogen generation during serpentinization of
ultramafic rocksGeochim. Cosmochim. Aci#B, 856;875 (2009).

LF. Klein, W. Bach, T. M. McCollom, Compostigontrols on hydrogen generation during serpentinization of
ultramafic rocksLithos 178, 5569 (2013).

"2https://wiki.aapg.org/Overview_of routine_core_analysis

F. Osselin, C. Soulaine, C. Fauguerolles, E. C. Gaucher, B. Scaillet, M. Pichagarity@oayen is the new
green.Nat. Geoscil5, 765769 (2022).

““Worman, S. L., Pratson, L. F., Karson, J. A., and Schlesinger, W. H. (2020). Abiotic hydrogen (H2) sources and sinks
near the MidOcean Ridge (MOR) with implications for the subseafloor hiesp PNAS 117, 1328B3293.
doi:10.1073/pnas.2002619117
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Serpentinization (or an alternative hydrogen producing geochemical reaction) necessitates a
focus on different physiochemical properties, such as total iron content, Fe(ll)/Fe(lll) ratio, and
specific surface area. Methods to characterize and map thesgepties that pertain tahe
proposed stimulation methodas well asnethods to model and predict engineered

mineralogical processes of interest are needed to make stimulated geologic hydrogen a viable
and responsibly exploited energy source.

4. TechnicaPerformance Targets

Under the Geologic +&ffort, ARPAE intends to support thdevelopment oftechnologies that

can lead to future hydrogen production safely and responsibly at lower cost and GHG emissions
when compared to current state of the a.€, hydrogen produced from SMR, SMR with
sequestration, electrolysis). Proposed methods and technologies are requireédithe
overallGeologic Htargets(see itemsPaPe below.

In addition tothe overall Geologic Hargets(i.e., thosetargets applicable to both ET G and ET
H), proposed methods and technologies will also be required to meet categpmagifictargets:

Geologic HEffort
The proposed model must be able to do one or more of the following:

Pa.Produce Hwith a cost at the welhead of$1/kg H.
Pb.Produce Hwith GHG/kg blof <1 kg Cee/kg Hb.

Pc.Produce Hwith a purity of>20% at thewvell-head(note—alternates can be proposed if
an easyto-separate sweeping gas is employatt justified in the Applicatign

Pd.Enable Hdeposit exploitation with a potential of10 Mt H.
Pe.Enable Hdeposit production of>1 million ni H..

ET QCaiegory 1. Stimulation
The proposed model must be able to do one or more offttlewing:

la.Increase reaction rate byl(>x over the rate found in the native ore being evaluated at
an equivalent starting and P (generic rate reported as 5x1Rgs? for 1 kn?).”®

1b. Increase the rate of other targetproducing mineralogical processes to prodace
comparable amount of Ho la.

ET QCategory 2. Modeling/Characterization
The proposed model must be able to do one or more of the following:

5P, B. Kelemen, J. Matter, In situ carbonation of peridotite forst@age.Proc. Natl. Acad. Sdi05, 17295,
17300 (2008).

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
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2a.Experimentally showvays to accurately quantify Fe(lihe Fe(Il)/Fe(lll) ratio, anthe
total Fe of target candidate formations

2b. Experimentally shownodels that can predict +stimulation using methods proposed in
Cat. 1

5. Data Rights and Sharing

Awardeeaunder this EWill be stronglyencouraged to share data with one or maelect

ARPAE awardees who will use the data as inputs to generate publicly available models or tools
that can be used to generate outputs such as life cycle analysis that withfeatommercial
acceptance of the technologi@sthisET Shared data may include, but is not limited to,

mineral composition, conditions of the reaction, kinetics of hydrogen formation, and any
underlying components or inputs for a technoeconomic @rdicle analysis.

An awardee that receives data from another awardee will be required to treat any data
provided to them as confidential information unless this requirement is altered by written
agreement between them and the awardee th@bvided the data. The awardee receiving data
will be required to treat all data generated under their award as trade sdiketfor 10 years

subject to a mutually agreed upon list of data that may be publicly released at any time. Such a
publicly releaable list will not include data that is specifically identifiable with an awardee that
provided data. Data provided by one awardee to another will not be shared by the awardee
receiving the data with any other awardee. Similarly, an awardee that recaéatagrom

another awardee will not share with any other awardee data they generate that is related to

the awardee that provided the data.

6. Content and Form of Full Applications

¢tKS O2ydSyd FyR F2N¥Y 2F ! LILX A Ol yctioasandth& OKYy A O f
consistent with the template titled Technical Volume: Topic G. All other instructions set forth
at FOA Section IV.C remain unchanged.

Templates for preparing Full Applications under this Exploratory Topic may be found ofEARPA
Exchange atttps://arpa-e-foa.energy.qov/

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
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XVII. AppendixH: Subsurface Engineering for Hydrogen Reservoir Management
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not already been answeredmail ARPAECO@hg.doe.gofwith FOA name and number in subject line); see FOA Sec. VIILA
Problems with ARRPBE eXCHANGE? EniaithangeHelp@hg.doe.gwith FOA namand number in subject line).

AR311-09.16


https://arpa-e.energy.gov/faq
mailto:ARPA-E-CO@hq.doe.gov
mailto:ExchangeHelp@hq.doe.gov
httpss://arpa-e.energy.gov/?q=site-page/ix-glossary

Tasl e c e —
AP NS — —
| _ p—101 - /—\

Special Program Announcement for
Exploratory Topics (DEOA0002784)
Subsurface Engineering for Hydrog®servoirtManagement

Topic Issue Date September7, 2023

Deadline foiQuestions ttARPAECO@hqg.doe.gov | 5 PM ET, October312023

Submission Deadline for Full Applications 9:30 AM ET, Octobe#22023

Submission Deadline for Replies to Reviewer 5:00 PM ET, November 27, 2023
Comments:

Expected Date for Selectidwotifications January 2024

Anticipated Date of Awards April 2024

Total Amount to be Awarded Approximately $10,000,000 subject to the

availability of appropriated funds,

to be shared between FOAs IBBA
0002784 and DEOA0002785 for this
ExploratoryTopic

Anticipated Awards ARPAE may issue one, multiple, or no
awards under this FOAwards may vary
between approximately $1,000,090
$2,500,000.

Maximum Period oPerformance 24 Months

1. Introduction

It is anticipated that hydroge(tt) will be critical to our efforts to mitigate the climate impact

of our energy systerthrough its use as a reductant or energy source in applications that have

typically beerserved by fossil fuels. However, to have the desired climate impact, hydrogen

must be produced via climateeutral means. Current global hydrogen demand is

F LILINRPEAYF GStfe mnn YAftA2Yy (2yySa o6altokéSI NE o

Zero ly 2050 Roadmap requires 500 Mt/year of hydrogen by 2658t present, steam

YSGKFYS NBF2NYAYy3I o6{awd Aa dzzBtR$1.60kg)bINE RdzOS & 3

generates ~10 kg Gg H® G.tdzS¢ o6{aw ALK OFNDB2Yy O LJi dZNB
powered water electrolysis) hydrogen are more climgtés dzi NI € £ G SNy G A @Sa G
K@ RNR3ISYy® G.fdzS¢ YR a3INBSy¢ KE@RNR3ISYy | NB o685

$2.00+/kg and $3.00+/kg, respectively. In addition to producing hydrogen at erlugst than

traditional SMR, both have approaspecific challenges:

G. fdzS¢ 1 @RNR3IASYY
Storage of gigatames (Gt)of CQ/year;

Greenhouse ga&GGHGemissions through losses in carbon capture and upstream
methane leaks corresponding to about 10% of thaici NI @ ¢ K& RNR ISy ¢

8 Inflation Reduction Act of 2022
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1 Competition for carborfree electricity with other decarbonization effortand
overallemissionmitigation will depend on the electricity supply;

1 Critical minerahvailability to meetrequirements for both electrolyzer
production and the wind/solar generation capacity to power it.

Thus, it is important to develop alternate routes to low cost (<$1/Kgadd low emissions
(<0.45 kg Cfe/kg H) hydrogen’’

The subsurface continuously gerates and consumes hydrogen through natural geochemical
and biological processé8.There has been recent interest in the discovery of naturally
accumulating deposits of subsurface hydrogen, such as efforts by the United States Geologic
Survey (USG3)Estimates vary from as little as 500,000 tonnes/§fétar as much as billions of
tonnes/yeaf'8283 of hydrogen being produced in the subsurface and accumulating in areas
where mineralogical production processes are faster than consumptive biological processes.
While the supply of naturally accumulating hydrogen, in and of itself, is potentially ifapaot
GKS ! d{ ® SySNHe& S 02y ZhisahE théoneal pofenfial id fr&iucs I NI K Q &
around 150,00@5t Hy from the reaction of Fe(Il) within 3 km of the surfééeExploiting a small
percentage of this source through stimulated mineralogprakesses could yield larger
guantities of hydrogen than what are produced naturally. For reference, k Gaddenough
energy to power the entire U.S. for a yéarThus, engineering the production of subsurface
hydrogen could potentially enable thequuction ofsubstantial amounts aflean energy.

ARPAE, under a combination of Exploratory Topics (ETs) G and H (hereinafter referreti¢o as t
Geologic Heffort), seeks to fund the development am@lidationof technologieghat can

stimulate the generation of hydrogen within the subsurface by enhancing/accelerating natural
mineralogical processe$iven thesubstantiar e sour ce potential of mate
crust,successfuiechnologiesieveloped under this new eft will lead to hydrogen production

with the lowest cost (<$1 kg# emissions (<0.45 kg ¢&0H,), and resource consumption with

7" Hydrogen Shot | Department of Energy

"8N. Dopffel, B.A. Atepec, J.R. de Rezende, D.Z. Sousa and A. Koerdt, Editorial: Microbiology of underground
hydrogen storage, (2023).

®G.S. Ellis and S.E. Gelman, A preliminary model of global subsurface natural hydrogen resource potential,
GeologicaBociety of America Annual Meeting Octobet® 2022, Denver, Colorado, Geological Society of
America Abstracts with Programs, v. 54, nchtfps://doi.org/10.1130/abs/2022AM380270

80B, Sherwood Lollar, T.C. Onstott, G. Lacra@palome, C.J. Ballantine. The contribution of Precambrian
continental lithosphere to global4broduction. Nature.516, 379382 (2014).

81 E. Hand, Hidden hydrogeBcience379, 630;636 (2023).

82F Klein, J.D. Tarnas, W. Bach, Abiotic sources of molecular hydrogen ol leantnts16, 1924 (2020).

83V, Zgonnik, The occurrence and geoscience of natural hydrogen: A comprehensive Fevthviaci Re203,
103140 (2020).

84G.S. Ellis and S.E. Gelman, A preliminary model of global subsurface natural hydrogen resource potential,
Geological Society of America Annual Meeting Octob®?2,2022, Denver, Colorado, Geological Society of
America Abstracts with Programs, v. 54, ndat¥ps://doi.org/10.1130/abs/2022AM380270

8 The lower heating value ofzlis ~33 kWh/kg, 1 Gt of H would yield ~33,000 TWh (~112.6 quads, greater than
U.S. energy consumption (EJA)
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minimal disruption to the surrounding environmeihis outcome supports the goalst for
ARPAEunder 42 U.S.®& 16534c)to (1) reduce importdy minimizing the need for critical
YAYSNI £ a F2N a i ¢ficier\ByRitNiEng Byyrdgencas adprimary energy
source for electricity (as opposed to as an energy carrier with a 30% energy loss); and (3)
reduce emssionsvia the provision of ultrdow-GHGemission H

ARPAE seek$ull Applicationso develop technologies that can lead to the production of
stimulated geologic hydrogen at low cost and with low emissidriee Agencys specifically
interested in:

1. ET GTechnologies that stimulate hydrogen production from mineral deposits found in
the subsurfacéncluding developing our understanding of hydrog@oducing
geochemical reaction®(g, serpentinization) and of how to enhance or control the rate
of hydrogen production through external stimué.g. physical, chemical, or biological),
and

2. ET HTechnologies relevant to the extraction of geologic hydrageluding
improvements in subsurface transport methods and engineered containment, reservoir
monitoring and/or modeling during production and extractiand, strain, leakage,
and/or other risks).

ARPAEtargetsfor geologic hydrogen productidior this effortare provided inTable 1 with a
more indepth discussion of technological metrics that apgotits mustaddress irSection 4of
thisET.

Tablel. Overall ARPAE Geologic H targets for geologic hydrogen production .

Metric Geologic HTarget
H. cost at the wehhead <$1/kg H
H, GHG(from production) <0.45 kg Ce/kg b
Hydrogen purity >20%(volumetric) at the welhead
Deposit potential >10 Mt H

>1 million n¥/day H

Deposit productior{from formation) (>30,000 tonneyear H)

2. Topic Description

Under theGeologic Heffort, ARPAEseeks to fund the development amalidationof
technologies that can lead to the lowest cost and low@btGemission hydrogen from the
subsurface.These ETs aiaterested insupportingthe development of upstream technologies
to the welthead.

ThisETincludes Category 1, engineering of methods to economically extract the hydrogen
through containment or separation€ategoy 2, developing tools to model, monitor, or
mitigate geological processeand Category 3, understanding environmental risks agtauti
with geologic Hproduction(see Section 3, Technical Categories, for full details)

Questions about this FO&heck the Frequently Asked Questions availabi¢at/arpa -e.energy.gov/fagFor questions that have
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Understanding and controlling the hydrogen stimulation process is the foda$®f
Production of Geologic Hydrogen Through Stimulated MineraloBicalesses|f successful,
this effort could potentially enable the production of enough hydrogen to decarbahigenost
challenging industries.

A. Topics of Interest

The following is a neexhaustive list of technologies that are of interest EOFH. Applications
can address one or more technologies:

1 Subsurface engineeringiechnologies which are related to engineering or creating
subsurface hydrogen reservoirs, or technologies which can achieve a higher
concentration/pressure of hydrogen prior to theslithead.

1 Downhole gas separatiorDownhole/upstreamof-well-head systems capable of
separating gases to enable transport of higher purity hydrogen (in the case of
production of coevolved or liberated gases). An example includes low cost, high flux,
high selectivity membrane systems.

1 Risk mitigation methodstechnologies that can predict, model, or prevent harmful side
effects associated with enhanced stimulation of hydrogen generating mineralogical
processesd.g., serpentinization of ultramafic rockslocus should be given to
understanding and addressing volumetric expansion, seismicity, hydrogen leakage and
associated impact on GHG emissions, biological effects, and subsurface contamination.

1 Modeling approachesviethods to predict the viability of sasurface resources for
stimulated hydrogen generation, inform reservoir management, or assist with
stimulation efforts.

1 CharacterizationMethods to map subsurface and ocean floor resoureeg,(
ultramafic formations or other candidatermations) and quantify physiochemical
properties of interest, specifically total Fe content, Fe(ll) concentration, Fe(ll)/Fe(lll)
ratio, specific surface area, permeability, or other parameters relevant to stimulated
hydrogen generation.

B. Topics Not ointerest

Applications that propose the followirtgchnology conceptsay be deemed nonresponsive
and may not be reviewed or considered

1 Methods focused on stimulation methods, such as enhanced serpentinization or other
hydrogen generating processes, aslives modeling and characterization methods
focused on predicting and monitoririge yield of these stimulation methods.
Applicationsof this focus should apply t&6TG: Production of Geologic Hydrogen
Through Stimulated Mineralogical Processes.

Gasificéion of existing hydrocarbon reserves in the subsurfacg (coal, oil reserves).
Subsurface conversion of methane into hydrogen.

Technologies focused solely on extraction of naturally occurring/accumulating
hydrogen.

= =4
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1 Methods of producing hydrogen tha¢quire carbon sequestration to meet tlowerall
Geologic HGHGarget.

Applicationdocused on generating subsurface hydrogen through electrolysis of water.
Technologies that are fully mature in other secta@gy( geothermal or oiandgas) and

do not require substantial innovation to support subsurface hydrogen production.
Subsequent applications and uses of hydrogen downstream of theneadl.

Applications that only address Category 2 and/or 3 (see Section 3. Technical Categories).

= =

= =

C. Technologyf o-Market (T2M)

Current domestic hydrogen production is predominantly via SMR through merchant hydrogen
producers. If theverall Geologitt: target of $1/kgH. can be reached, geologicaflyoduced
hydrogen would be competitive in thosearkets® Hydrogen demand could also evolve from
local use opportunities to regional gathering, or as an input to other regional market
opportunities €.g, petrochemical, ammonia, steelmaking).

For thisET, applicants should:

1. Identify a potential conmercial pathway and commercial transition partnéws their
proposed work.

2. Show how their proposed technology contributes to meeting the ov&ablogic K
targets for cost and emissions. The applicant should clearly identify the boundaries of
their technology and provide a preliminary techleoonomic assessment (TEA) and Life
Cycle Assessment (LCA) in thill Application In their analysis or justification,
applicantsmustshowwhich current or conventional technologies can be directly
implemented(known costs), as well aghichnovel technologies need to be developed
(unknown costs).

3. Technical Categories

ARPAE has identified three technical categoriestiois ET Technical Category 1 deals with
technologies in subsurfaangineering, including ways to contain, concentrate, and
economically transport hydrogen to the waléad. Categor2 iscentered around the
technologesneeded to manage the production of hydrogen through monitoyrergd Category
3 is centered aroundnderstanding and managing environmentadks associated with geologic
hydrogen productionApplications must address Category 1 and are also encouraged to
address Category 2 and Category 3 as complementary categories to Category 1.

A. Cakegoryl ¢ EconomicExtraction and Subsurface Engineering

Categoryl is focused on developing ways to effectively extract and manage hydrogen
production. Applications tahis category should focus on developing innovative ways to support

86 |nflation Reduction Act of 2022
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hydrogen reservoir management, inding hydrogen containment, production, and
extraction/transport to the surface.

Stimulating hydrogen generation from mineral deposits is very different from the production of
hydrocarbons or geothermal resources. How to manage subsurface generationnoosrs,

and extraction will require the development of new technologidke priorities of which are so

far undefined. Consequently, there is an identified need for engineering solutions that enable
geologic hydrogen to be a viable and impactful energpuese.

Obtaining a high enough pressure of hydrogen at the-iwe#ld may be a critical factor

governing the economics of stimulated geologic hydrogen if gas separations are required on the
surface. Depending on the rate of hydrogen production, the ektra©f hydrogen to the

surface may not be straightforward. For example, steam could be one of the proposed
stimulation methods and could ideally act as a hydrogen carrier. However, gaseous hydrogen
solubility in water is very low, even at the high press and elevated temperatures found in

the subsurface<l mol H/kg HO at pressures >1000 atr¥).This solubility is further

decreased by the addition of brines or salts, which would be in waste streamacbeléduring

the pumping process. As an example, it would regeiréonne of water for every kilogram of
hydrogen, making it an unattractiteansport modality?® Pumpedwater transport would most
likely only be economical in an enhanced geothermal operation where the pumped hot water
or steam is already used to generate electricity and the hydrogen can be captured as an
additional product. Tis, depending on the rates of stimulation, it may be necessary to
concentrate and purify the hydrogen before the wielad, which can then be extracted-on
demand when it is needed for energy.

Concentration of hydrogen may involve the identification, eegiting, and/or creation of new
geologic reservoirs to work with stimulated hydrogen generation. Several known geologic
features are currently being explored for geologic hydrogen storage, but stimulated geologic
hydrogen ideally would be agnostic to theigence of geologic features. This may be in the
form of creating artificial subsurface reservoirs, like those currently deployed for pumped
hydroelectric storagé? with engineered channels to control the flow of stimulated hydrogen.
In addition, theseefforts are critical to the mitigation of hydrogen or oth@iHGsgroduced

from leaking into the atmosphere, as discussed ire@atty3.1. In addition, it is possible that
there can be some synergy with stimulation andCQ sequestration in ultramaficacksand

may aid in releasing reactive Fegipecies® However, mineralization of G@nay create

87Z. Zhu, YCao, Z. Zheng, D. Chen, An Accurate Model for Estimating H2 Solubility in Pure Water and Aqueous
NaCl Solution€Energies15, 5021 (2022).

88, Osselin, C. Soulaine, C. Fauguerolles, E. C. Gaucher, B. Scaillet, M. Pichavant, Orange hydrogen is the new
green.Nat. Geoscil5, 765769 (2022).

89 Quidnetenergy.com

%0 p, B. Kelemen, J. Matter, E. E. Streit, J. F. Rudge, W. B. Curry, J. Blusztajn, Rates and Mechanisms of Mineral
Carbonation in Peridotite: Natural Processes and Recipes for Enhanced, in silaf0Ore and Storagé&nnu.

Rev. Earth Planet. S8B, 545576 (2011).
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geologic barriers to hydrogen diffusion, and the interaction betweehdaanineralized C£and
hydrogen in the reservoir area can be significant.

Increasinghe purity of the hydrogen at the wellead may require the development of down

hole separation systems where the hydrogen is separated from any other gaseous species
(geology dependeng.g, CQ, CH, N\, HS,etc). This can be in the form ofd@wn-hole

membrane system that accepts hydrogen as a permeate gas and rejects the other retentate
gases into a separate reservoir (to not dilute the stimulated hydrogen further). Other methods
which can economically extract the stimulated hydrogen witfhhénough purity and pressure
would be of interest, including any chemical or material methods which can bind and release
hydrogen.

B. Category &; Modeling and Characterization

Category 2 is focused on methods to monitor stimulated hydrogen production and inform
reservoir management through the use of innovative modeling and characterization
approaches.Applicationdocused on the preliminary identification of target reservoirs,
characterization of ultramafic rocks or other formations of interest, geophyiocsned

modeling and ongoing monitoring methods to manage risk assessment or inform management
decisions are of particular interest for this category.

The subsurface dynansiof hydrogen are poorly understood. In addition, existing technologies
and methods for characterizing the subsurface were originated in the oil and gas seutoe,

the needs are very different than stimulated generation. Oil and gas characterizatiand
modeling methods are focused on interpreting fluid flawy, hydrocarbons, brine) in porous
rocks €.g, sandstones, shale®).The subsurface generation mechanism of hydrogen is
typically a mineralogical reaction, likely within crystalline ragkyhich iron bearing minerals
react with water to creat@aseous phase hydrogéh.These processes are most observable in
extreme environments, such as tectonic subduction zones, but aréesitill) investigated®

The nature of ultramafic rocks is very different from that of porous clastic rocks, necessitating
new approaches to chacéerization and modeling. Serpentinization (or an alternative
hydrogenproducing geochemical reaction) necessitates a focus on different physiochemical
properties, such as total iron content, Fe(ll)/Fe(lll) ratio, and specific surface area. Methods to
characterize and map these propertiés hydrogen producing reservoir management and
methods to monitor and predict production are needed to make stimulated geologic hydrogen
a viable and responsibly exploited energy source. In addition to informing sabsur
engineering efforts aimed at producing hydrogen, monitoring and predicting the side effects
(e.g, hydrogen leakage, subsurface contamination, volume expansion, development of

91 https://wiki.aapg.org/Overview_of routine_core_analysis

92F. Osselin, C. Soulaine, C. Fauguerolles, E. C. Gaucher, B. Scaillet, M. Pichavant, Orange hydrogen is the new
green.Nat. Geoscil5, 765769 (2022).

%Worman, S. L., Pratson, L.Karson, J. A., and Schlesinger, W. H. (2020). Abiotic hydrogen (H2) sources and sinks
near the MidOcean Ridge (MOR) with implications for the subseafloor biosphere. PNAS 1171133753
doi:10.1073/pnas.2002619117x
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geomechanical stress and seismicity) of the processes used to stimulatesgkpdoroduction
are also necessary teelp ensure the success of this effort

C. Category 8 Risk Management

The nascent nature of geologic hydrogen leads to potential risks, which may require new
technological development for mitigation and monitorin§ome identified risks stem from the
geophysical changes that occuihile others may be from unintended releases of
materials/hydrogen through leaks caused by physical and chemical reactions.

1. Category 3.k Leakage/Greenhouse Gas Effects

This sukcategay seekdo fundresearch associated with understanding and developing
mitigation strategiedo preventthe unintended release of hydrogen to the atmosphere.

Hydrogen is &HGand its uncontrolled release into the atmosphere is a critical contern.

| @RNR ISy Qa avlrftt aAli Sz O02dzld SR gAGK GKS yI {dzN.
such that leakage is impossible to contain completely. However, as the amount ofjendr
leakage is driven by the pressure of subsurface hydrogen, monitoring and controlling it will be
critical to acceptable environmental and economic performance. This concentration and
pressure of hydrogen in the subsurface needs to be economic foaatidan and further
purification/use, but also cannot be so large that a high amount of leakage is found at the
surface. Mitigating the release of stimulated geologic hydrogen or other natural accumulations
of hydrogen into the atmosphere requires low lagie containment reservoirs (previously
discussed ilCat. ) and/or bioremediation efforts for microbial consumption of any leaking
hydrogen. The mitigation of hydrogen leakage may also require development of sensitive
downhole sensors.

2. Category 3.2, Subsurface Contamination

This sukcategory is focused on understanding, preventing, and mitigating the threat of
subsurface contamination resulting from stimulated hydrogen product#gplicationsshould
focus on subsurface contamination issues specitisggroduction of stimulated hydrogen
through serpentinization of ultramafic rocks or proposed in compleme&a@: Production of
Geologic Hydrogen Through Stimulated Mineralogical Processes.

The serpentinization and flushing of the subsurface with wébe other fluids) has the
potential to leech out toxic metals or radioactive materials previously mineralized within a
target formation?® If pumped water is used as a partial carrier of hydrogen gas, sensing
technologies are needed to detect low contetions of contaminants. If the pumped fluid is

94 Environmental Defense Fund, 2022T(®Y: Emissions of Hydrogen Could Undermine Its Climate Benefits).
https://www.edf.org/media/study-emissionshydrogencouldundermineits-climate-benefitswarmingeffects
are-two-six

% Environmental Protection Agency, (Technologically Enhanced Natucalyridg Radioactive Materials
(TENORM)nttps://www.epa.gov/radiation/technologicalbenhancednaturally-occurringradioactivematerials
tenorm
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recycled back into the ground, interference with aquifers will need to be closely monitored to
ensure that there is no contamination. In contrast, if stimulation uses an alternative
mechanism that does nahvolve pumping water to the surface, the containment technology
must prevent the migration of contaminants to aquifers or other sources which can lead to the
surface. It may also be possible for toxic metals to benirgeralized with C&in areas that are

not being stimulated.

3. Category 3.3, Seismicity

This sukcategory is focused on understanding, preventing, and mitigating the risk associated
with volume expansion and associated seismicity resulting from enhanced serpentinization or
other proposed mechanisms for stimulated hydrogen, as propoge@Gn Production of

Geologic Hydrogen Through Stimulated Mineralogical Processes.

Research focused on this subcategory should develop understanding of this risk and, where
possible, propose artkvelop risk mitigation approaches.

Current literature reports that the serpentinization reaction can cause a volume expansion in
the oxidized state by as much as 58%%. Thus, it is necessary for both safety (induced
seismicity) but also for the wetlontrolled production of hydrogen to continuously monitor the
volume changes associated with any stimulated reaction. This can be partially mitigated at the
laboratory-scale by determining the conditioas which excess strain is generated within ore
bodies. In addition, new methods and technologies need to be developed to predict volumetric
expansion and associated risks. These advances may come in the form of new sensors (such as
optimized distributed fiber optic sensing) that can measure the straisde or modeling

efforts to predict volume expansion in advance of stimulated hydrogen production efforts. The
development of any technology addressing this should be highly correlated with efforts that
seek to model the stimulation process.

4. Category 3.4; Biological Effects

This sukcategory is focused on understandimgeventing, and mitigatinghe risks posed to the
microbiome, and near surface ecology more generally, associated with enriched or depleted
hydrogen concentrations.

Hydrogenis an electron donor for subsurface bacteria and archaea, henceforth called
microorganisms$® Thus, elevated hydrogen concentrations, through artificial stimulation, can
promote the growth of these microbial communities, which can result in adverse sftecgas
injectivity and extraction, reduction in hydrogen volume, and corrosion of metal

% E.B. Alexander, J. DuShey, Topographic and soil differences from peridotite to serpentinite, Geomorphology,

135(%4), 2011, 272276.

Yal t @2AaAiry SG Ftodz [/ 2yiNREt 2F aSNLISYylGAyAaldAz2y NridS oeé
Letters, 476, 2017, 14352.

% N. Dopffel, B.A. ABtepec, J.R. de Rezende, D.Z. Sousa and A. Koerdt, Editorizidligy of underground

hydrogen storage, (2023).
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infrastructure?® Additionally, the supply of hydrogen via natural serpentinization can lead to
the growth of previously absent microbial communities and lead teeesh; unintended

ecological effect$99101102 Consequently, new research is needed to fully understand and
determine the relation of these microbial communities to subsurface hydrogen dynamics with a
focus on minimizing the ecological and microbial impacts from stimulated hydrogen production.

4. Technical Performance Targets

Under the Geologic +&ffort, ARPAE intends to suppotthe development of technologies that

can lead to future hydrogen production safely and responsibly at lower cost and GHG emissions
when compared to current state difie art .9, hydrogen produced from SMR, SMR with
sequestration, electrolysisProposed methods and technologies are requiredneet the

overall Geologic Fargets(see itemsPaPe below.

In addition tothe overallGeologic Htargets (.e., those targets applicable to both ET G and ET
H), proposed methods and technologies will also be required to meet categpagifictargets:

Geologic HEffort
The proposed model must be able to do one or more of the following:

Pa.Produce Hwith a cost at the welhead of$1/kg H.
Pb.Produce Hwith GHG/kg blof <1 kg Cee/kg Hb.

Pc.Produce Hwith a purity of>20% at thewvell-head(note —alternates can be proposed if
an easyto-separate sweeping gas is employaat justified in the Applicatign

Pd.Enable Hdeposit exploitation with a potential of10 Mt H.

Pe.Enable Hdeposit production of>1 million ni H..

9 E. M. Thaysen, S. McMahon, G. J. Strobel, I. B. Butler, B. T. Ngwenya, N. Heinemann, M. Wilkinson, A.
Hassanpouryouzband, C. I. McDermott, K. Edlmann, Estimating microbial growth and hydrogen consamption
hydrogen storage in porous medi@enew. Sustain. Energy R&v1, 111481 (2021).

100D, S, Kelley, J. A. Karson, G. L.-Brigen, D. R. Yoerger, T. M. Shank, D. A. Butterfield, J. M. Hayes, M. O.
Schrenk, E. J. Olson, G. Proskurowski, M. Jakuba, AeyBiadLarson, K. Ludwig, D. Glickson, K. Buckman, A. S.
Bradley, W. J. Brazelton, K. Roe, M. J. Elend, A. Delacour, S. M. Bernasconi, M. D. Lilley, J. A. Baross, R. E. Summons,
S. P. Sylva, A Serpentinii®sted Ecosystem: The Lost City Hydrothermati Felience307, 1428;1434 (2005).
101wy, J. Brazelton, M. O. Schrenk, D. S. Kelley, J. A. Baross, MetduseilfuiMetabolizing Microbial
Communities Dominate the Lost City Hydrothermal Field Ecosy#teph. Environ. Microbiof.2, 62546270

(2006).

102\, O. Schrenk, W. J. Brazelton, SL&ng, Serpentinization, Carbon, and Deep Réa. Mineral. Geocheri5,
575606 (2013).
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ET HCatgory 1. Economic Extraction an8ubsurface Engineering
The proposed model must kable to do one or more of the following:

la. Experimentally showhe potential to transport Hto the welthead with a purity of
>20%by volume(or at a justified concentration that is economical for conventional gas
separation methods)

1b. Enable thesubsurface enhancement ok ldoncentration from natural accumulations up
to 66% H at ~10 atm(based on proposed geologic hydrogen storage tardgéts)

1c.Experimentally showustained and controlled production from target stimulation
method with aloss of output <25% over 1 mor(gquivalent to hypothetical production loss
of ~3 months of unconventional natural gas producti¢it)

ET HCategory 2. Modeling/Characterization
Theproposed model must be able to do one or more of the following:

2a.Increase the success of finding enhanced serpentinization candidate formations

2b. Decrease field work for delineating enhanced serpentinization candidate formations by
10x(e.g, 10x reduction in time, labor, cost, or other relevant parameter as interpreted by
the applicant).

2c.Increase the success of finding othergfioducing stimulation candidate formations that
do not proceed through serpentinization

2d. Decrease field work fadtelineating other target kHproducing stimulation candidate
formationscomparable ta3b.

2e. Experimentally showvays to accurately characterize pore spaces of ultramafic rocks,
such aghe quantification of porosity and specific surface afea., porosity<8%)

2f. Experimentally showvays to accurately measure matrix permeability of ultramafic rocks
(i.e., <13°m?).

29.Experimentally showvays to accurately quantify Fe(ll), Fe(ll)/Fe(lll) ratio, and total Fe of
target candidate formations

103R K. Ahluwali, D.D. Papadiaf. Peng, H.S. Roh, System Level Analysis on Hydrogen Storage Options, U.S. DOE
Hydrogen and Fuel Cells Program 2019 Annual MevielReand Peer Evaluation Meeting. Project ID: ST001,

(2019).

104 https:/igeology.com/royalty/productiondecline.shtml
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ET HCategory 3. Riskanagement
The proposed model must be able to do one or more of the following:

3a. Predictvolume expansion for enhancea producing mineralogical processes based on
stimulation methods proposed IBTG: Production of Geologic Hydrogen Through
Stimulated Mineralogical Processes (enhanced serpentinization of ultramafic roctteeor
proposed mé¢hod).

3b. Model induced seismicity associated withddmulation methods proposed IBTG:
Production of Geologic Hydrogen Through Stimulated Mineralogical Processes (enhanced
serpentinization of ultramafic rocks or other proposed method).

3c.Develop dist of critical ecological indicators€., microbiomes, flora, fauna) and

guantify how each of them is impacted from hydrogen leakage and depletion in situ and at
surface environmentsDevelop methods for determining the impact range of hydrogen
leakage, monitoring the ecological indicators, and mitigating biotic effects on hydrogen
yield and leakage.

3d. Investigate ways to mitigate subsurface contamination associated with methods
proposed inCat. 1or 2.1 (enhanced serpentinization of ultramafic roaksother proposed
method).

5. Data Rights and Sharing

Awardeeaunder this EWill be stronglyencouraged to share data with one or marelect

ARPAE awardees who will use the data as inputs to generate publicly available models or tools
that can be used to generate outputs such as life cycle analysis that will facilitate commercial
acceptance of the technologi@sthisET Shared data may ihae, but is not limited to,

hydrogen concentration, purification, containment, and extraction (including any input data for
technoeconomic and lifeycle analyses, such as efficiency, energy, kinetics, etc.)

An awardee that receives data froamother awardee will be required to treat any data

provided to them as confidential information unless this requirement is altered by written
agreement between them and the awardee that provided the data. The awardee receiving data
will be required to treaall data generated under their award as trade sedied for 10 years

subject to a mutually agreed upon list of data that may be publicly released at any time. Such a
publicly releasable list will not include data that is specifically identifiable avitawardee that
provided data. Data provided by one awardee to another will not be shared by the awardee
receiving the data with any other awardee. Similarly, an awardee that receives data from
another awardee will not share with any other awardee ddteyt generate that is related to

the awardee that provided the data.
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6. Content and Form of Full Applications

¢tKS O2y Syl YR FT2N¥Y 2F LI AOFIYy(iaQ ¢SOKYyAO!I ¢
consistent with the template titled Technical VolumepimH. All other instructions set forth

at FOASection IV.@main unchanged.

Templates for preparing Full Applications under this Exploratory Topic may be found otfEARPA
Exchange atttps://arpa-e-foa.energygov/.
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