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EXECUTIVE SUMMARY

Summarize the objective(s) and technical approach of the proposed effort at a technical level appropriate for scientific and engineering peers.
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INSTRUCTIONS FOR SECTIONS 1-5:
The cumulative length of Sections 1-5 shall not exceed 20 pages.



1. INNOVATION AND IMPACT

Describe how the proposed work offers an innovative approach to achieve the program objectives of the FOA and how it will impact the mission areas of ARPA-E.  

1.1 Overall Description. 
· Describe the conceptual basis for the project and how the proposed technology works with minimal jargon.
· Explain the objective(s) and performance characteristics of the proposed effort.
 
1.2 Potential Impact. 
· Clearly identify the problem that is being solved with the proposed technology.
· Describe how the proposed effort addresses one (or more) of the “Technical Categories of Interest” from Section I.F of the FOA.
· Explain the project’s potential to be disruptive relative to the existing technology or how the project establishes a basis for new innovations.

1.3 Innovativeness. 
· Describe how the proposed effort represents a new and innovative solution to the overall program challenge described in the FOA.
· Indicate the technical goals and anticipated results, using appropriate metrics, for the project.  Provide a description of how the metrics were derived, citing key previous results and/or assumptions.
· Include and discuss, as appropriate, a table in which the targeted performance of the proposed technology is compared with the “Technical Performance Targets” in Section I.G of the FOA and with other competing or emerging technologies that might achieve the FOA Technical Performance Targets. 

INSTRUCTIONS for the Innovation and Impact Section:
(1) The Innovation and Impact Section may include figures, tables, and graphics.
(2) The suggested length of the Innovation and Impact Section is 4-5 pages.


2. PROPOSED WORK

Describe and discuss for the proposed effort the technical background and approach, the R&D tasks, and the key technical risks.  This Section should justify the proposed approach as being appropriate to achieve the project’s objective(s).

2.1 Approach. 
· Describe the technical approach and how this approach will achieve the proposed project objective(s).
· Discuss alternative approaches considered, if any, and why the selected approach is most appropriate for the identified objective(s). 
· Describe the background, theory, simulation, modeling, experimental data, or other sound engineering and scientific practices or principles that support achieving the project objective(s).  Provide specific examples of supporting data and/or appropriate citations to the scientific and technical literature.

2.2 Technical Risk. 
· Identify potential technical issues and risks, e.g., the approach requires a never-before-demonstrated fabrication technique or greater-than-previously-demonstrated sub-component performance, etc.
· Describe appropriate mitigation techniques and plans, if any, for each identified issue and risk.

2.3 Schedule. 
· Provide a schedule for the proposed effort by major tasks, including major milestones or Go/No-Go decision points as appropriate.  (A Gantt chart is recommended.)

2.4 Task Descriptions. 
· Identify and provide a full technical description for each main task in the proposed effort.
· Discuss the reason the identified tasks are appropriate and sufficient for the identified approach.
· Describe the key technical milestones and how these define the critical path for successful completion of the task.
· Indicate how completion of each task relates to reducing technological uncertainty and achieving the overall project objective(s).

INSTRUCTIONS for the Proposed Work Section:
(1) The Proposed Work Section may include figures, tables, and graphics.
(2) The suggested length of the Proposed Work Section is 7-8 pages.



xxxx-xxxx

3. TEAM ORGANIZATION AND CAPABILITIES

Describe and discuss the, organization, capabilities, and management of the team and how these enable successful execution of the proposed effort. 

3.1 Organization. 
· Indicate roles and responsibilities of the organizations on the proposed Project Team, e.g., subrecipient, consultant, subcontractor, or lead organization for each of the project tasks. Include relevant organization charts and teaming organization charts, as applicable.
· Identify Key Personnel, describe how their qualifications relate to the proposed effort, and indicate their roles and responsibilities for each of the project tasks.
· Identify previous collaborative efforts among team members if relevant to the proposed effort. 

3.2 Capabilities, Facilities, Equipment, and Information. 
· Identify capabilities of the Applicant or proposed Project Team, e.g., relevant experience, previous or current R&D efforts, or related government or commercial projects that support the proposed effort.
· Identify all required facilities, equipment, and information for the proposed effort and discuss their adequacy and availability.
· Indicate any key equipment that must be fabricated or purchased.


INSTRUCTIONS for the Team Organization and Capabilities Section:
(1) This Section may include figures, tables, and graphics.
(2) The suggested length of the Team Section is 1-2 pages.





4. TECHNOLOGY TO MARKET

The significant impact sought by ARPA-E depends upon successful projects finding a path to large-scale adoption.  ARPA-E projects are not required to achieve commercial deployment by the end of the project period, but the agency asks the Applicant to define a reasonable path for the proposed technology toward commercial adoption.

4.1 Technology to Market Strategy. 
· Describe how the proposed technology is expected to transition from the lab to commercial deployment, including a description of the eventual product, potential near- and long-term market entries, likely commercialization approach (startup, license, etc.), specific organizations expected to be involved in the transition (partners, customers, etc.), and the commercialization timeline.
· Discuss manufacturing, cost, and scalability risks associated with the technology.
· Describe anticipated resource needs for the next phase of development following the end of the ARPA-E project.
· Explain why the proposed research is not being pursued by industry today.
· Discuss the anticipated roles for the proposed research team in the commercialization of the technology.

4.2 Intellectual Property. 
· Describe existing intellectual property, if any, that will be used to develop the new intellectual property; and
· Discuss new intellectual property and data that is anticipated to be created as part of this effort, if any. 



INSTRUCTIONS for the Technology to Market Section:
(1) The Technology to Market Section may include figures, tables, and graphics.
(2) The suggested length of the Technology to Market Section is 2 pages.

5. BUDGET

Indicate the budget, in US dollars, and provide a high-level budget summary, demonstrating that the budget is reasonable and appropriate for the proposed effort.

5.1 Budget Breakdown.

Provide in tabular form following the template give below, a breakdown of the project budget by entity and major task in US dollars.

	Task Name
	[Prime]
	[Sub #1]
	[Sub #2]
	[Sub #3]
	[Sub #4]
	Total

	[Task #1]
	
	
	
	
	
	

	[Task #2]
	
	
	
	
	
	

	[Task #3]
	
	
	
	
	
	

	[Task #4]
	
	
	
	
	
	

	Total
	
	
	
	
	
	



Replace “Prime” with name of the primary (lead) entity and “Sub #n” with the name of the sub-recipient or sub-contractor entities, if applicable.  Task names should clearly correspond to major tasks listed in Section 2.4.  Expand or contract the table as needed to add/subtract entities (columns) or tasks (rows). 

5.2 Budget Summary.

Provide a high-level summary for the project by major budget category, including at least these three: 
· Key Personnel and technical staff to be utilized (e.g., scientists, engineers, technicians, postdocs, graduate students, etc.)
· Equipment 
· Materials and Supplies

5.3 Cost Share.

Provide a description of the cost share by value of the contribution (in dollars) and percentage of the Total Project Cost (TPC):
· List each source of cost share, the type of contribution (cash or in-kind), the value of the contribution (in dollars), and the value as a percentage of TPC.
· For all in-kind contributions, provide a detailed description of the contribution and its relevance to the project objectives

INSTRUCTIONS for the Budget Section:
(1) The Budget Section may include figures, tables, and graphics.
(2) The suggested length of the Budget Section is 1 page.

6. BIBLIOGRAPHIC REFRENCES

Provide a list of references appropriate to Sections 1-5.


INSTRUCTIONS for the Bibliographic References Section:
(1) Only bibliographic information may be contained in the references.  No additional text or commentary is allowed.
(2) There is no page limit for the Bibliographic References Section, which is outside of the overall 20-page limit for Sections 1-5.




7. TECHNO-ECONOMIC ASSESSMENT

· Applicants should supply the elements of a base case techno-economic assessment (TEA).
· Follow the directions outlined in section I.H of the FOA.

INSTRUCTIONS for the Techno-economic Assessment Section:
(1) There is a 1-page limit for this TEA.



8. LIFE CYCLE ASSESSMENT

· Applicants should provide an early-state LCA based on the anticipated / projected project outcome.
· Follow the directions outlined in section I.I of the FOA.

INSTRUCTIONS for the Life Cycle Assessment Section:
(1) There is a 1-page limit for this LCA.



9. CATEGORY-SPECIFIC QUESTION AND ANSWER TABLES

· [bookmark: _Hlk105664099]Applicants should provide the information requested in the relevant tables below based on which Program Category(s) that the application falls under.
· Responses are required for Full Applications.
· Note: Submissions to MINER can address a single program category or combinations thereof.
· Follow the directions outlined in section I.G of the FOA.

INSTRUCTIONS for the Category-Specific Question an Answer Section:
(1) There is a 2-page limit for each individual Category (so if a project is only applying to Category 1, this section should be a maximum of 2 pages; if Categories 1 and 2, a maximum of 4 pages, etc.).


Category 1 Applications:

	Table 2: Category 1 - Mineral Comminution Applicant Q&A Summary Form

	Question(s)
	Applicant’s Response

	Q1. What are the proposed feedstock(s), and from which specific deposit types? Do you expect restrictions of this proposed technology to only specific mineral associations, i.e., ore type? The applicant must specify which minerals are being carbonated if carbonation is chosen as the method to reduce grinding energy. If carbonation is being used to decrease grinding energy, what is the typical modal abundance of this CO2-reactive mineral in the targeted feedstock(s)?
	 

	Q2. How will the mineral properties of the ore be modified to decrease grinding comminution energy and decrease unrecovered energy-relevant mineral yield in tailings? 
	 

	Q3. How will the proposed technology be utilized for preexisting mineral beneficiation processes? For example, in situ and (or) ex situ? How will the process differ from conventional mineral beneficiation?
	 

	Q4. Will this proposed technology decrease cradle-to-gate emissions? If CO2 is released, how will CO2 be recaptured?
	 

	Q5. Does the team consist of a mining company or have an arrangement with one for real-world sampling? Is the mineral undergoing changes to its mineral properties to decrease grinding energy, a common mineral in the U.S.? Does the typical mineral assemblage that contains the targeted mineral to be modified have any deleterious effects on the proposed method? What geologic locations or mines could this technology be employed in the U.S.? 

	 

	Q6. If Applicant chooses to develop technologies for other Categories from 2, 3 and 4, will this proposed technology negatively or positively impact energy-relevant mineral yield from CO2-reactive minerals (Category 2) and (or) ability to undergo carbonation reactions (Category 3)? Do you anticipate the proposed technology to operate concurrently with technologies developed from Categories 2, 3 and 4?
	 



	Table 3: Category 1— Mineral Comminution Technical Targets Applicant End-of-Program Reporting Requirements

	Target
	Technical Reporting Requirements
	Applicant’s Response

	Q.1 Feedstock(s) Characterization
	Further information regarding feedstock(s):
· The deposit(s) type from which the feedstock(s) are derived
· Feedstock(s) mineralogy (i.e., mineral associations and modal abundances of each mineral)
· Feedstock(s) ore grade for specified energy-relevant mineral (e.g., Cu, Co, Ni, etc.)
· Whole-rock composition of the feedstock(s) (including trace elements)
· What are the targeted minerals to be modified to decrease grinding energy and the modal abundances within the feedstock(s)?
	

	Q2. Grinding energy decrease
	Comminution energy required (MJ/kg) for specified energy-relevant mineral(s) (e.g., Cu, Ni, Co) from the proposed method
	 

	
	Document percent decrease or increase in comminution energy compared to the same mineral assemblage of the feedstock(s) undergoing beneficiation by an existing state-of-the-art process. Please specify the state-of-the-art process to which the grinding energy change is being compared.
	 

	Q3. Grinding energy decrease efficacy (rate)
	Rate (kg/hr) for specified energy-relevant mineral (e.g., Cu, Ni, Co, etc.)
	 

	Q4. Increase of energy-relevant mineral yield during comminution
	Percent decrease or increase of unrecovered energy-relevant mineral yield during ore comminution compared to the same ore undergoing beneficiation by an existing state-of-the-art process. Specify the state-of-the-art process to which the grinding energy change is being compared. 
	 

	Q5. Increase energy-relevant mineral yield efficacy (rate)
	Rate (kg/hr) for specified energy-relevant mineral (e.g., Cu, Ni, Co, etc.)
	 




Category 2 Applications:

	Table 5: Category 2 — CO2-reactive Mineral Yield Applicant Q&A Summary Form

	Question(s)
	Applicant’s Response

	Q1. What are the proposed feedstock(s), and from which specific deposit types? Do you expect restrictions of this proposed technology to only specific mineral associations, i.e., ore type? The applicant must specify which minerals are being carbonated if CO2 is being used as the reagent. What is the typical modal abundance of the targeted mineral in the feedstock(s)?
	 

	Q2. Will this proposed technology decrease cradle-to-gate emissions? If CO2 is released, how will CO2 be recaptured?
	 

	Q3. Can this proposed technology be utilized with existing mineral beneficiation processes? Will mineral beneficiation processes have to be changed to accommodate this technology? When will the technology be employed? For example, in situ and (or) ex situ? 
	 

	Does the team consist of a mining company or have an arrangement with one for real-world sampling? Is the energy-relevant bearing mineral a common mineral in the U.S.? Does the typical mineral assemblage with this energy-relevant bearing mineral have any deleterious effects (e.g., inhibit carbonation)? What geologic locations or mines could this technology be employed in the U.S.?

	

	Q5. If Applicant chooses to develop technologies from other Categories from 1, 3 and 4, will this proposed technology positively or negatively impact mineral beneficiation (Category 1) and (or) carbonation (Category 3)? Do you anticipate the proposed technology to operate concurrently with technologies to be developed from Categories 1, 2, and 4?
	 




	Table 6: Category 2 — CO2-Reactive Mineral Yield End-Of-Program Reporting Requirements

	Target
	Technical Reporting Requirements
	Applicant’s Response

	Q1. Feedstock(s) Characterization
	Further information regarding feedstock(s):
· The deposit(s) type from which the feedstock(s) are derived
· Feedstock(s) mineralogy (i.e., mineral associations and modal abundances of each mineral)
· Feedstock(s) ore grade for specified energy-relevant mineral (e.g., Cu, Co, Ni, etc.)
· Whole-rock composition of the feedstock(s) (including trace elements)
· What are the targeted CO2-reactive minerals and their modal abundances within the feedstock(s)?
	

	Q2. CO2-reactive mineral yield

	Yield of energy-relevant minerals from CO2-reactive mineral assemblage of the feedstock(s) (kg). Specify yield by energy-relevant mineral(s) (e.g., Cu, Ni, Co, etc.) and from what energy-relevant bearing mineral(s) (e.g., olivine).
	 
 

	
	Percent yield increase of energy-relevant mineral yield from the CO2-reactive mineral assemblage of the feedstock(s) must be based on the CO2-reactive mineral assemblage of the feedstock(s) whole-rock composition from which the metals are leached.

Example: Assume 1 metric ton of CO2-reactive mineral assemblage from the feedstock(s) whole-rock composition contains 1 wt.% element nickel, a recovery of 5 kg of nickel would be a 50% yield of nickel out of a possible 10 kg of nickel.
	 

	Q3. CO2-reactive mineral yield efficacy (rate)
	Rate (kg/hr) from specified energy-relevant mineral (e.g., Cu, Ni, Co, etc.) and from what specified energy-relevant bearing mineral (e.g., olivine). 
	 

	Q4. Increase CO2-reactive ore rock permeability
	Demonstrate a percent increase in net permeability and porosity. If permeability is measured report in k (m2) 
	 





Category 3 Applications:
	Table 8: Category 3 — Carbon Negative Reactions Applicant Q&A Summary Form

	Question(s)
	Applicant’s Response

	Q1. What are the proposed feedstock(s), and from which specific deposit types? Do you expect restrictions of this proposed technology to only specific mineral associations, i.e., ore type? The applicant must specify which minerals are being carbonated. What is the typical modal abundance of the targeted mineral in the feedstock(s)?
	 

	Q2. Specify a method of carbonation measurement?
	 

	Q3. Where will the technology be employed? For example, in situ and (or) ex situ?
	 

	Q4. e 
	 

	Q5. If Applicant chooses to develop technologies for other Categories from 1, 2 and 4, will this proposed technology positively or negatively impact mineral beneficiation (Category 1) and (or) energy-relevant mineral yield from CO2-reactive ore (Category 2)? Do you anticipate the proposed technology to operate concurrently with technologies developed from Categories 1, 2, and 4?
	 



	Table 9: Category 3 — Carbon Negative Reactions Technical Targets End-Of-Program Applicant Reporting Requirements

	Target
	Technical Reporting Requirements
	Applicant’s Response

	Q1. Feedstock(s) Characterization
	Further information regarding feedstock(s):
· The deposit type(s) from which the feedstock(s) are derived
· Feedstock(s) mineralogy (i.e., mineral associations and modal abundances of each mineral)
· Feedstock(s) ore grade(s) for specified energy-relevant mineral (e.g., Cu, Co, Ni, etc.)
· Whole-rock composition of the feedstock(s) (including trace elements)
· What are the targeted CO2-reactive minerals and their modal abundances within the feedstock(s)?
	

	Q2. Carbon Negative Reactions
	Is 10 wt.% CO2e/metric ton of ore technical target being met? Specify which minerals are being carbonated?
	 

	Q3. Carbonation efficacy (rate)
	Percent carbonation efficiency will be based on the feedstock(s) whole-rock composition.
For example, if 1000 kg of a specific mineral or mineral assemblage of the feedstock(s) can mineralize 1,250 kg of CO2, mineralizing 625 kg of CO2 from the specific mineral or mineral assemblage would be 50% CO2 mineralization efficiency.
Additionally provide reaction time.
	 

	Q4. Increase CO2-reactive ore permeability
	Demonstrate a percent increase in net permeability and porosity. If permeability is measured report in k (m2)
	 



Category 4 Applications:

	Table 11: Category 4 — Sensing and Analyzing Carbonation Potential and Mineralization Applicant Q&A Summary Form

	Question(s)
	Applicant’s Response

	Q1. Do you expect restrictions of this proposed technology to only specific mineral associations, i.e., ore type?
	

	Q2. When will the technology be employed? For example, in situ and (or) ex situ? 
	

	Q3. Do you anticipate the proposed technology to operate before and (or) concurrently with technologies to be developed from Categories 1 to 3? How will technologies developed from Category 4 positively impact technologies to be developed from Categories 1 to 3?
	

	Q4. How will the proposed model(s) be validated?
	


	Q5. How can the proposed technology developed from Category 4 be integrated into existing mine operations?
	



	Q6. How can the proposed technology developed from Category 4 be integrated into exploration of CO2-reactive ore bodies?
	

	Q7. How will carbonation be estimated and (or) quantified after carbon mineralization? 
	

	Q8. How will energy-relevant minerals leached and re-mineralized from carbonated CO2-reactive minerals be estimated and (or) quantified?
	

	Q9. How will comminution energy decrease or increase be estimated and (or) quantified in situ or ex situ when mineral properties are modified by processes such as Category 1?
	

	Q10. How will methods be developed to estimate energy-relevant mineral ore grade that includes conventional minerals and CO2-reactive minerals either in situ and (or) ex situ?
	

	Q11. Will these methods be able to employ preexisting petrological based data and (or) petrophysical data determined from, for example core, and (or) other methods into modeling? If so, please describe how pre-existing data can be used to create models for sensing and analyzing carbonation potential and mineralization?
	

	Q12. Will a method be developed to determine CO2 reservoir leakage and storage capability?
	

	Q13. Does the team consist of a mining company or have an arrangement with one for real-world sampling? Is the mineral undergoing changes to its mineral properties to decrease grinding energy, a common mineral in the U.S.? Does the typical mineral assemblage with this energy-relevant bearing mineral have any deleterious effects (e.g., inhibit carbonation)? What geologic locations or mines could this technology be employed in the U.S.?
	

	Q14. Other relevant accomplishments of the applicant's proposed technology?
	




	Table 12: Category 4 — Sensing and Analyzing Carbonation Potential and Mineralization End-Of-Program Applicant Reporting Requirements

	Target
	Technical Reporting Requirements
	Applicant’s Response

	Exploratory vectors of CO2-reactive rock formations
	Provide a model to explore for CO2-reactive rock formations
	 

	Measuring and modeling CO2-rock interaction at subsurface depths
 
	Provide model quantifying the CO2-rock interaction at subsurface depths (i.e., injection geometry)
	 

	 Predict and quantify rock carbonation

	Provide model quantifying the carbonation within CO2-reactive reservoir rock
	 

	Quantify energy-relevant minerals leached and re-mineralized from carbonated CO2-reactive gangue minerals
	Provide model quantifying the amount of energy-relevant minerals leached and re-mineralized from carbonated CO2-reactive gangue minerals
	 

	Predict comminution behavior prior to mineral beneficiation
	Provide a model quantifying the amount percent decrease of ore within an ore body
	 

	Estimate energy-relevant mineral ore grade that includes conventional minerals and gangue minerals
	Provide a model quantifying the ore grade that includes both conventional minerals and gangue minerals in the subsurface
	 

	Employ geochemical and petrophysical properties determined from core and (or) other data into modeling
	Provide a model integrating data collected from the field for the previous targets discussed
	 

	Employ a method to determine CO2 reservoir leakage and storage capability
	Provide a model to determine CO2 reservoir leakage and storage capability
	




10. PERSONAL QUALIFICATION SUMMARIES

A Personal Qualification Summary (PQS) is required for the PI and all other Key Personnel.  Each PQS must include a description of the following only:  
· Education and training
· Employment history
· Awards and honors
· A list of no more than 10 peer-reviewed publications related to the proposed project
· A list of no more than 10 other peer-reviewed publications demonstrating capabilities in the broad field
· A list of no more than 10 non-peer-reviewed publications and patents demonstrating capabilities in the broad field 


INSTRUCTIONS for the Personal Qualification Summaries Section:
(1) Each Personal Qualification Summary is limited to 3 pages in length and there is no page limit for this Section, which is outside of the 20-page limit for Sections 1-5.
(2) Curriculum Vitae should not be submitted. 




TECHNICAL VOLUME TEMPLATE
INSTRUCTIONS  

CONTENT REQUIREMENTS (See Section IV.D of the FOA for Content Requirements): 
(1) The Technical Volume template may be used to prepare Technical Volumes for Full Applications. 
(2) Applicants should ensure the accuracy of their Technical Volume by reviewing and/or printing prior to the Full Application submission. 
(3) ARPA-E may not review or consider noncompliant and/or nonresponsive Full Applications (see Section III.C of the FOA).
(4) Each Full Application should be limited to a single concept or technology.  Unrelated concepts and technologies should not be consolidated into a single Full Application.
(5) Confidential, proprietary, or privileged information should be indicated by including in the header and footer of every page the following language: “Contains Confidential, Proprietary, or Privileged Information Exempt from Public Disclosure.” In addition, the cover sheet of the Technical Volume must also include the disclaimer provided in Section VIII.I of the FOA, and every line and paragraph containing proprietary, privileged, or trade secret information must be clearly marked with double brackets or highlighting.  See Section VIII.I of the FOA for additional information on marking confidential information.   

(6) Applicants must provide sufficient citations and references to the primary research literature to justify the claims and approaches made in the Technical Volume. ARPA-E and reviewers may review primary research literature in order to evaluate applications.  However, ARPA-E and reviewers are under no obligation to review cited sources (e.g., Internet websites)
(7) Delete these template instructions and delete the prompts in each of the section above prior to submitting Full Applications. 

FORMAT REQUIREMENTS (See Section IV.D of the FOA for Format Requirements):
(1) Technical Volumes must be submitted in Adobe PDF format, be written in English, use black 12 point or larger Times New Roman font (except in figures and tables), use 8.5 inch by 11 inch paper, be single-spaced, and have margins no less than 1 inch on every side.
(2) Technical Volumes must not exceed the maximum page lengths specified for each section of the Technical Volume, if any, in Section IV.D of the FOA.  If applicants exceed the maximum page length, ARPA-E will review only the authorized number of pages and disregard any additional pages.
(3) The ARPA-E assigned Control Number, Lead Organization Name, and Principal Investigator’s (PI’s) Last Name must be in the upper right hand corner of the header of every page. Page numbers must be included in the footer of every page.

