www.energy.psu.edu/ucfer/
Request for Proposals
RFP Number: 2016-2
RFP Release Date: July 22, 2016
Submission Deadline:
September 16, 2016 at 6:00 PM Pacific Time

A. Objectives of UCFER
The objectives of the University Coalition for Fossil Energy Research (UCFER) are to facilitate
basic and applied energy research and promote multidisciplinary collaboration among the
member universities of the Coalition and the National Energy Technology Laboratory (NETL) of
DOE. Its research will focus on coal, natural gas, and oil in the following five core competency
areas:
• Geological and Environmental Systems, consisting of research on geomaterials, fluid
flow in geologic media, and geospatial and strategic field monitoring.
• Materials Engineering and Manufacturing, consisting of research on the design,
development, and deployment of advanced functional and structural materials for use
in extreme service environments.
• Energy Conversion Engineering, consisting of the evaluation, integration, control and
performance modeling of processes and components for developing innovative
energy conversion processes and transformational technologies.
• Systems Engineering and Analysis, consisting of analysis and design of advanced
energy systems such as power plants, energy markets, and energy-environment
interactions.
• Computational Science and Engineering, consisting of research involving highperformance computing and data analytics that enable the generation of information
and insights through the integration of experimental data and engineering analyses
B. Eligibility
Only researchers employed by member universities of the UCFER are eligible to submit
proposals under this solicitation. The current member universities include the Massachusetts
Institute of Technology, The Pennsylvania State University, Princeton University, Texas A&M
University, the University of Kentucky, the University of Southern California, the University of
Tulsa, the University of Wyoming, and Virginia Polytechnic and State University.
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C. Collaboration Requirements
UCFER represents an innovative and novel approach to engage academic institutions for the
purpose of collaboration with NETL R&D. Therefore, collaboration with NETL is mandatory for
all UCFER research projects. NETL’s research capabilities and expertise are specifically
addressed in the attached Research Topic Areas (see Attachment A). Applicants are also
encouraged to consider potential collaboration with industry. There should be no costs budgeted
for collaboration efforts with NETL. Any proposal failing to provide written statement of
proposed collaboration with NETL will be considered non-responsive and not forwarded
for review.
D. Research Topic Areas
Proposals are being solicited from the UCFER members in the following research areas:
•
•
•

Carbon Capture
Oil & Gas – Natural Gas Infrastructure
Advanced Combustion

See Attachment A for a description of the research topic areas, objectives, and requirements
covered under this solicitation. A description of the core competency areas is provided in
Attachment B. Attachment C shows the relationship between core competency area and research
topic areas.
E. Funds Available for This Solicitation
The total amount available for awards under this solicitation is anticipated to be approximately
$2,080,000. Estimated funding levels per research area are as follows:
•
•
•

Carbon Capture ($814,000)
Oil & Gas – Natural Gas Infrastructure ($407,000)
Advanced Combustion ($859,000)

F. Cost-Share Requirements
Cost-share requirements are based on Technology Readiness Levels (TRLs). TRL definitions are
given in Attachment D. Researchers are encouraged to use these TRL definitions in order to
evaluate the status of their given technology. “TRL start” is the applicant’s evaluation of the
technology at onset of the proposed project. “TRL end” would mean the projected end state TRL
for their technology. Singular TRL values (no ranges) at both start and end state should be
supplied.
There is no minimum cost share requirement for research activities at the basic/fundamental
stage. Research at this stage can be classified in the following range of TRLs: 1-2. There is a
minimum requirement of 20% cost share for research activities at the applied stage. Research at
this stage can be classified in the following range of TRLs: 3-6. Cost share requirements for a
proposed project are based on the TRL value at the start state.
When cost share is required, the proposal’s cost share must be calculated as a percentage of the
Total Project Costs and not a percentage of the funds requested from the UCFER. Cost share,
which may be in the form of cash or in-kind contributions, is acceptable as part of the match
provided it meets the following criteria:
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•
•
•
•

Is verifiable, necessary, and reasonable for proper and efficient accomplishment of
the project.
Is incurred within the project performance period. Previously expended research,
development, or exploration costs are unallowable.
Is not included as cost share for any other federal project, is not paid with funds from
the federal government, and is otherwise allowable in accordance with applicable
federal cost principles and DOE regulations governing cost sharing.
The value of patents and data contributed to the project is unallowable as cost
sharing.

Proposed projects are not required to show TRL advancement unless specified within a given
research topic area. Significant research findings and results may come from projects that start
and end at the same TRL.
G. Subcontract Awards
Subcontracts will be issued from The Pennsylvania State University to the successful applicants.
The duration of the subcontract will vary based on the description of the research topic area
guidelines covered under this solicitation in Attachment A. Anticipated start dates of the
subcontracts are 45-60 days after selection. The start date will depend on the timing of NETL
approvals regarding project budget, Environmental Questionnaire, and Foreign Nationals.
If additional documentation/justification is required prior to issuance of a subcontract, a delay in
submission could result in a delay in issuance of the subcontract.
H. Submission
The final deadline for receipt of proposals is 6 PM Pacific Time on September 16, 2016.
Proposals received after the deadline will not be accepted. Proposals must be submitted
electronically to the web portal: www.energy.psu.edu/ucfer to be considered for review and
evaluation. Log-in information has been provided to each university TAC representative. Log-in
information can also be obtained by emailing ucfer-omt@ems.psu.edu. Applicants are
responsible for verifying successful transmission, prior to the application due date and time.
Early submissions are encouraged.
I. Proposal Format
All proposals must follow the following format. Each page of the proposal should be numbered
at the bottom. The font type must be clear and legible, the font must be 12 point, line spacing
must be 1. , margins must be 1 inch (top, bottom, and sides), and the paper size must be 8.5 x 11
inches.
Sections of the Proposal
The proposal must contain the following sections in order. See Attachments E through G for
proposal elements.
Checklist
See Attachment E
This is used to ensure that all elements of the proposal have been completed.
Cover Sheet
See Attachment F
Note that the proposal must be signed by an authorized/official university representative.
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Table of Contents

One (1) page maximum

Executive Summary (Public Abstract)
One (1) page maximum
Provide a one-page summary of the proposed research containing the title of the project and
indicating the relevance to the specific research area in the solicitation. It should clearly state the
problem, the objectives of the proposed research, idea or concept, the approach, anticipated
benefits and impacts, and partner organization(s). This self-contained document should be
suitable for use as public abstract. It should be informative to other persons working in the same
or related fields and, insofar as possible, understandable to the lay reader. This document must
not include any proprietary or sensitive business information as the Coalition and/or DOE may
make it available to the public.
Project Description
Five (5) page maximum
The main body of the proposal should outline the problem, the proposed approach, the
objectives, and plan of work, including the broad design of activities to be undertaken. At a
minimum the following should be discussed:
•
•
•
•
•
•

Statement of the problem
Objectives and proposed approach
Statement of the work plan
Relation of the proposed work to comparable work reported or in progress, including
accomplishments of antecedent UCFER projects, if applicable.
Description of available facilities and major items of equipment available for the
work
Reference citations: references should be relevant, numbered, cited in the text and
listed at the end of the text. The list of numbered references does not count against the
page limit.

Project Schedule
One (1) page maximum
Include a plan establishing a schedule for accomplishing the work. The plan should include
major milestones of the project in bar chart format and should cover the complete period of
performance.
Anticipated Results and Impacts
One (1) page maximum
Discuss the anticipated benefits and impacts of the research and, if applicable, the viability of the
proposed research for commercialization. Describe how the project will advance the basic or
applied fossil energy research. Identify any specific groups in the commercial sector that may
use the projected results.
Description of the Collaborative Work with NETL Two (2) pages maximum
Describe the nature of the proposed collaborative R&D work with NETL, how and where that
work will be conducted, what (if any) NETL facilities, software and equipment will be used, how
communications with NETL will be conducted, and the prospects of sustained collaboration in
the future. The applicants may propose staff exchanges and sabbatical programs under
appropriate arrangements. The applicants may also propose activities involving jointly advised
students, and other research collaborations. Any relevant prior collaboration with NETL shall
also be discussed.
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Under each research topic or subtopic, information is provided about collaboration opportunities
for UCFER researchers such as the kind of activities and support NETL can provide, FTE levels
of NETL scientists and engineers, and NETL facilities and usage time that will be made
available to university coalition researchers. Describe the nature of the proposed collaborative
R&D work with NETL based on this information. The costs for NETL employees (FTEs, etc.)
and testing resources are not to be included in proposal budgets.
There is no need nor is it encouraged to identify an NETL point of contact in your proposal. No
discussion with NETL employees regarding this proposal development effort is needed. If your
proposal is selected under the RFP, an NETL employee will be assigned at that time for you to
contact.
Budget (Refer to Attachment G, Template)
A reasonable budget is an important part of a good proposal. Your budget may request funds
under any of the categories listed on Attachment G, as long as the item and amount are
considered necessary to perform the work. It is expected that the participants will already have
most of the necessary permanent equipment to conduct the research. The majority of the funding
is to support research activities. Proposed equipment expenditures are permitted; but their
purchase must be justified. Refer to 2 CFR 200.313 for federal regulations regarding equipment.
Permanent equipment purchases are discouraged, but will be considered during the proposal
evaluation.
Cost-Share Commitments
All cost-share commitments must meet the requirements set forth above and be supported by
appropriate documentation. Third parties proposing to provide all or part of the required cost
share must include a letter stating their commitment to provide a specific minimum dollar
amount of cost-share. The letter should also identify the proposed cost share (e.g., cash, services)
to be contributed. Letters must be signed by the person authorized to commit the expenditure of
funds and be provided in PDF format. Failure to provide appropriate documentation can result in
the proposal being returned without review.
Biographical Sketches
Two (2) pages per person maximum
Vitae of key personnel involved in the project must be provided and should include educational
background, professional experience, research interest, honors, professional activities and 10
relevant publications.
Collaborative Documentation
All collaborations with university partners within the UCFER, not included in the budget, should
be described with a letter from each collaborator. At a minimum, the letter should describe the
collaboration to be provided, resources to be provided, schedule, and budget information.
Other
Letters of support from outside sources are encouraged, but not mandatory.
J. Treatment of Proprietary Information
Privileged, confidential, or financial information that the applicant does not want disclosed to the
public or used by the federal government for any purpose other than application evaluation,
should be specifically identified by page and lines on the proposal cover sheet.
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K. Proposal Evaluation/Review Process
All proposals will undergo a preliminary review to ensure that all proposal elements are
addressed, and that any potential conflict of interest issues are identified. Collaboration with
NETL is mandatory. Any proposal failing to provide NETL collaboration will be
considered non-responsive and not forwarded for review.
All proposals determined to be responsive to the solicitation will be forwarded for review in
accordance with the evaluation criteria set forth in the solicitation and the amount of funding
available for the solicitation. The UCFER Director will notify all applicants around December 1,
2016, by letter, of the final decision regarding their proposals.
L. Evaluation Criteria (Refer to Attachment H)
The proposals will be evaluated per the following 100-point criteria:
•
•
•
•
•
•
•
•

Merit of proposed collaboration with NETL—maximum of 20 points
Meeting UCFER objectives—maximum of 10 points
Idea and approach—maximum of 20 points
Project achievability—maximum of 10 points
Research impacts—maximum of 15 points
Qualification of key personnel—maximum of 15 points
Project management—maximum of 5 points
Project budget—maximum of 5 points

The proposal evaluation forms are provided in attachment H for reference. Evaluations will be
performed on-line at a secure, members-only, website portal.
M. Environmental Questionnaire
All applicants must prepare Environmental Questionnaire on the NETL form F 451.1-1/3. The
Environmental Questionnaire can be found online for downloading at the UCFER website:
www.energy.psu.edu/ucfer. The Environmental Questionnaire must be attached at the end of the
proposal.
N. Foreign National Documentation
A foreign national is defined as any person who was born outside the jurisdiction of the United
States, is a citizen of a foreign country, and has not been naturalized under U.S. law. If applicants
propose work with foreign nationals as project team members, they will be required to provide
the foreign national information upon selection for award. All successful applicants including
foreign nationals as team members, will be required to complete the Foreign National
Documentation before they can attend DOE meetings or visit DOE sites. Recipients of
subawards under the UCFER will be required to complete Foreign National Documentation, if
applicable, to facilitate UCFER responsibilities associated with foreign national access to DOE
sites, information, technologies, equipment, programs or personnel. Any UCFER member failing
to comply with the Foreign National requirement will not be eligible to receive DOE funding.
Information that will be required include:
•
•
•

Completed
page
2
of
Form
142-1-1A
(which
can
www.energy.psu.edu/ucfer)
Colored copy of passport
Picture visa – from the passport book even if it is expired (color copy)

found

at
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•
•
•
•

LPR card – foreign national may have this instead of a visa (photocopy in color, both
front and back)
EAD card – foreign national may or may not have this (photocopy in color, both front
and back of the card
Other documents that allow foreign national to be in the states, such as I-20, DS2019, etc.
Resume (will need this if they are doing an assignment of more than 30 days)

O. Additional Information
Frequently asked questions (FAQs) from the first solicitation cycle can be found in the ‘Member
Login’ at: www.energy.psu.edu/ucfer/?q=memberonly/FAQs.html. Additional questions should
be forwarded to the UCFER Director at ucfer-director@ems.psu.edu.
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ATTACHMENT A – RESEARCH TOPIC AREAS

University Coalition for Fossil Energy Research (UCFER)
Research Topic Guidance Document
Solicitation 2 - Summer 2016
RFP Number: 2016-2
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Univeristy Coalition for Fossil Energy Research (UCFER)
Research Topics Summary - Summer 2016
Table 1 Available UCFER funds by Technology Line.

Available
Research Funds
Technology Line
($K)
Carbon Capture
$
814
Oil and Gas
$
407
Advanced Combustion
$
859
TOTAL (Round 2 Solicitation) $
2,080

Table 2 Overview of UCFER Topics/Subtopics and award information for Round 2 Solicitation.
Anticipated
Project
UCFER Research Topics
Period
Maximum
Expected Number
Cost Share
by Technology Line
(Months)
Award Size
of Awards
Requirement

[E-1] Carbon Capture - Transformational Membrane Materials for Carbon Capture
Subtopic E-1a: Innovative Polymeric
Membrane Materials for Separation of
18
approx. $300,000
0 to 2
CO2/N2
Subtopic E-1b: Thin Film Fabrication and
Characterization for Polymeric Gas
18
approx. $232,000
0 to 2
Separation Membranes
Subtopic E-1c: Hollow Fiber Membrane
18
approx. $300,000
0 to 2
Module Design
Subtopic E-1d: Phase Change Solvent
18
approx. $100,000
0 to 2
Materials for Separation of CO2/N2
[E-2] Carbon Capture - Support for 2nd Generation Carbon Capture Technology Scale-Up
Subtopic E-2a: Validated Volume of Fluid
(VOF) Simulations to Develop Models for
Interfacial Area and Mass Transfer

12

approx. $200,000

0 to 1

TRL 1-2: n/a;
TRL 3-6: 20% minimum
TRL 1-2: n/a;
TRL 3-6: 20% minimum
20% minimum
20% minimum

20% minimum

[F-1] Oil & Gas (NG Infrastructure) - Measuring and Monitoring the Air Quality Impacts of Unconventional Oil
and Gas (UOG) Development
Subtopic F-1a: Fugitive Air Emmission
12-24
approx. $400,000
0 to 1
20% minimum
from Point Sources
[G-1] Advanced Combustion - Supercritical CO2 Power Cycles
Subtopic G-1a: CFD Model Development
$200,000 TRL 1-2: n/a;
for Direct Fired Supercritical CO2 Power
12-24
0-2
$400,000
TRL 3-6: 20% minimum
Cycle's
[G-2] Advanced Combustion - Chemical Looping Combustion
Subtopic G-2a: Oxygen Carriers for
$200,000 TRL 1-2: n/a;
Chemical Looping Combustion of Solid
12-24
0 to 2
$400,000
TRL 3-6: 20% minimum
Fuels
[G-3] Advanced Combustion - Novel Concepts
Subtopic G-3a: Novel Concepts for
$200,000 TRL 1-2: n/a;
12-24
0 to 2
Advanced Combustion
$400,000
TRL 3-6: 20% minimum
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Table 3 Applicable NETL Core Competencies for each Round 2 Solicitation research subtopic.
Materials
Energy
Geological &
Engineering &
Conversion
UCFER Research Topics
Environmental
Manufacturing
Engineering
by Technology Line
Systems (GES)
(MEM)
(ECE)
[E-1] Carbon Capture - Transformational Membrane Materials for Carbon Capture
Subtopic E-1a: Innovative Polymeric
Membrane Materials for Separation of
X
CO2/N2
Subtopic E-1b: Thin Film Fabrication and
Characterization for Polymeric Gas
X
Separation Membranes
Subtopic E-1c: Hollow Fiber Membrane
X
Module Design
Subtopic E-1d: Phase Change Solvent
X
Materials for Separation of CO2/N2
[E-2] Carbon Capture - Support for 2nd Generation Carbon Capture Technology Scale-Up
Subtopic E-2a: Validated Volume of Fluid
(VOF) Simulations to Develop Models for
Interfacial Area and Mass Transfer

Systems
Engineering &
Analysis (SEA)

Computational
Science &
Engineering
(CSE)

X

X
X

X

[F-1] Oil & Gas (NG Infrastructure) - Measuring and Monitoring the Air Quality Impacts of Unconventional Oil and Gas (UOG)
Development
Subtopic F-1a: Fugitive Air Emmission
X
from Point Sources
[G-1] Advanced Combustion - Supercritical CO2 Power Cycles
Subtopic G-1a: CFD Model Development
for Direct Fired Supercritical CO2 Power
X
Cycle's
[G-2] Advanced Combustion - Chemical Looping Combustion
Subtopic G-2a: Oxygen Carriers for
Chemical Looping Combustion of Solid
X
Fuels
[G-3] Advanced Combustion - Novel Concepts
Subtopic G-3a: Novel Concepts for
Advanced Combustion

Self-Identification Self-Identification Self-Identification Self-Identification Self-Identification
by Applicant
by Applicant
by Applicant
by Applicant
by Applicant
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E: CARBON CAPTURE
The Carbon Capture Program at the National Energy Technology Laboratory (NETL) is
developing technologies that will enable cost-effective implementation of carbon capture and
storage (CCS) in the power generation sector and ensure that the United States will continue to
have access to safe, reliable, and affordable energy from fossil fuels. The program consists of
two core research technology areas, post-combustion capture and pre-combustion capture, and
also supports related carbon dioxide (CO2) compression efforts. Current research and
development (R&D) efforts are advancing technologies that could provide step-change
reductions in both cost and energy penalty compared to currently available technologies. The
goals of the Carbon Capture program are:
• By 2020, complete R&D of 2nd generation carbon capture technologies that can reduce
the cost of electricity (COE) over current state-of-the-art technologies by 20%.
• By 2025, complete R&D of transformational carbon capture technologies that can reduce
the COE over current state-of-the-art technologies by 30%.

Area of Interest (E-1)
Transformational membrane Materials for Carbon Capture
Overview
NETL, through its Carbon Capture Program, is investigating transformational, low-cost
technology solutions that allow leveraging and competitive operation of our nation's fossil-based
power generation infrastructure in a low-carbon future. The objective of the research is to
identify transformational capture concepts that can enable the Carbon Capture Program goals
through the development of advanced materials and processes that are able to reduce the energy
penalty and cost of CO2 separation over conventional technologies.
It is commonly understood that conventional polymeric gas separation membranes exhibit a
trade-off between flux and gas pair selectivity. In Robeson plots of selectivity versus
permeability, it is shown that most common polymers cannot achieve both higher selectivity and
permeability than a phenomenologically determined upper bound curve. However, in carbon
capture applications employing membranes for CO2/nitrogen gas (N2) or CO2/hydrogen gas (H2)
separation, having high selectivity and permeability are linked to a reduced cost of capture.
Therefore, materials that approach or exceed the Robeson upper bound are of great interest.
Furthermore, when membranes are incorporated into large-scale modules, it is common for the
gas separation performance of the membranes to be reduced due to mass transport limitations
related to the membrane packing geometry and gas flow arrangement. Therefore, effective
membrane module design can also have a large impact on carbon capture cost.
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Technology Specific Goals and Priorities
1) The overall goals of this research is to advance CO2 capture and separation systems
beyond 2nd Generation economic performance predictions, through the development and
testing of transformational CO2 capture systems for new and existing coal-based power
plants.
Challenges
1) Transformational technologies, are required to meet the overall fossil energy performance
goals of 90% CO2 capture rate with 95% CO2 purity at a COE 30% less than baseline
capture approaches (Baseline cost and performance: DOE/NETL-2010/1397, Sept 2013.).

Subtopic Area E-1a
Innovative Polymeric Membrane Materials for Separation of CO2/N2
The goal of this subtopic is to develop novel polymeric membrane materials for the separation of
CO2 from N2 in post-combustion flue gas. These materials should show the potential for
achieving a CO2 permeability greater than 300 Barrer and a CO2/N2 selectivity greater than 40.
They should also be stable when exposed to water and common contaminants such as SOx and
NOx. Materials must be mechanically stable and capable of being formed into thin films on flat
sheet and hollow fiber supports. Proposals may include thermally rearranged polymers, block
copolymers, polyether polymers, fluorinated polymers, facilitated transport polymers, or other
innovative, tunable formulations. Also unique approaches for reducing the physical aging or
plasticization effects of polymers are encouraged. Projects may start at any TRL stage. However,
it is expected that projects will achieve TRL 3 or greater by the end of the project period. There
is no cost share requirement for projects starting at TRL 1 or TRL 2. Projects starting at TRL 3
or greater are required to provide a minimum of 20% cost share.
Collaboration Opportunities with NETL
Materials Engineering & Manufacturing (MEM) Core Competency: Applicants have the
opportunity to collaborate with the NETL research staff on the fabrication and evaluation of
carbon capture materials. The polymeric materials under development may be tested in NETL’s
Membrane Preparation Laboratory for their compatibility with filler particles including metal
organic frameworks or porous organic polymers, in order to form mixed matrix membranes and
to fabricate thin film composite hollow fiber membranes using NETL facilities which include a
hollow fiber spinning apparatus and a spray coating device. Up to 0.1 FTE of NETL labor will
be available for fabricating films, conducting characterization tests, and interpreting data. Gas
permeance for both hollow fiber and flat sheet membranes may be tested using simulated or
actual flue gas. Simulated flue gas experiments will be conducted at the Reaction Chemistry and
Engineering Laboratory at NETL’s Pittsburgh Site. The tests are optimized for 25 mm flat sheet
12

coupons or single strand hollow fiber modules. The operating pressure is 1-50 bar, operating
temperature is 40-250 oC, gas flow rate is up to 50 SCCM, and the gas composition is typical for
flue or fuel gas, including moisture and contaminants. The experimental set up is described in
detail in Venna et al. (2015) [6]. The laboratory will be available for up to 20 working days
during the first year. Up to 0.1 FTE of NETL labor will be available for designing the
experiments, conducting the laboratory tests, and interpreting data. Projects awarded through this
solicitation that achieve satisfactory performance in simulated environments during the first year
may have the opportunity to collaborate with NETL to test under actual flue gas environments at
the National Carbon Capture Center (NCCC) [5]. The NCCC facility may be available for up to
3 working days during the second year. Up to 0.1 FTE of NETL labor may be available for
designing the NCCC experiments, conducting the laboratory tests, and interpreting data. Testing
at NCCC is contingent upon resource availability.
Award Information and Funding Amounts:
Area of Interest
E-1a
Anticipated Project Period
Maximum Award Size
Expected Number of
Awards

Cost Share Requirement

18 months
approx. $300,000
0 to 2 Awards
TRL 1-2:
n/a
TRL 3-6:
20% minimum

References
[1] EIA Annual Energy Outlook 2012 with Projections to 2040, Report #:DOE/EIA-0383(2013),
April 2013.
[2] National Energy Technology Laboratory, Carbon Capture Technology Program Plan, Link:
http://netl.doe.gov/technologies/coalpower/ewr/pubs/Program-Plan-Carbon-Capture-2013.pdf
[3] National Energy Technology Laboratory, CO2 Emissions Control Website:
http://netl.doe.gov/technologies/coalpower/ewr/co2/index.html
[4] For additional information on CCSI, please visit https://www.acceleratecarboncapture.org/
[5] U.S. Department of Energy, National Carbon Capture Center Website:
http://nationalcarboncapturecenter.com/
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[6] S. R. Venna, M. Lartey, T. Li, A. Spore, S. Kumar, H. Nulwala, D. R. Luebke, N. L. Rosi and
E. Albenze, Fabrication of MMMs with improved gas separation properties using externallyfunctionalized MOF particles, J. Mater. Chem. A, 3 (2015) 5014.

Subtopic Area E-1b
Thin Film Fabrication and Characterization for Polymeric Gas Separation Membranes
The goal of this subtopic is to develop novel fabrication and characterization techniques for free
standing and composite thin film polymeric membranes. Of particular interest are thin film
composite membranes that can be successfully applied to a hollow fiber support while achieving
a defect-free selective layer thickness of <1 micron. The methods used should be able to be
incorporated in a continuous hollow fiber spinning process at industrial production scales. Novel
characterization techniques for probing the solubility, diffusivity, morphology, densification, free
volume, and other relevant properties of the thin films are encouraged. Projects may start at any
TRL stage. However, it is expected that projects will achieve TRL 3 or greater by the end of the
project period. There is no cost share requirement for projects starting at TRL 1 or TRL 2.
Projects starting at TRL 3 or greater are required to provide a minimum of 20% cost share.

Collaboration Opportunities with NETL
Materials Engineering & Manufacturing (MEM) Core Competency: Applicants have the
opportunity to collaborate with NETL researchers to fabricate thin film composite hollow fiber
membranes using NETL facilities, which include a hollow fiber spinning apparatus and a spray
coating device. These facilities will be available for up to 20 working days and up to 0.1 FTE of
NETL labor will be available for fabricating films, conducting characterization tests, and
interpreting data. Gas permeance for hollow fiber membranes may be tested using simulated or
actual flue gas. Simulated flue gas experiments will be conducted at the Reaction Chemistry and
Engineering Laboratory at NETL’s Pittsburgh Site. The test are optimized for 25 mm flat sheet
coupons or single strand hollow fiber modules. The operating pressure is 1-50 bar, operating
temperature is 40-250 oC, gas flow rate is up to 50 SCCM, and the gas composition is typical for
flue or fuel gas, including moisture and contaminants. The experimental set up is described in
detail in Venna et al. (2015) [6]. The laboratory will be available for up to 20 working days
during the first year. Up to 0.1 FTE of NETL labor will be available for designing the
experiments, conducting the laboratory tests, and interpreting data. Projects awarded through this
solicitation that achieve satisfactory performance in simulated environments during the first year
may have the opportunity to collaborate with NETL to test under actual flue gas environments at
the National Carbon Capture Center (NCCC) [5]. The NCCC facility may be available for up to
3 working days during the second year. Up to 0.1 FTE of NETL labor may be available for
designing the NCCC experiments, conducting the laboratory tests, and interpreting data. Testing
at NCCC is contingent upon resource availability.
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Award Information and Funding Amounts
Area of Interest
E-1b
Anticipated Project Period
Maximum Award Size
Expected Number of
Awards

Cost Share Requirement

18 months
approx. $232,000
0 to 2 Awards
TRL 1-2:
n/a
TRL 3-6:
20% minimum

References
[1] EIA Annual Energy Outlook 2012 with Projections to 2040, Report #:DOE/EIA-0383(2013),
April 2013.
[2] National Energy Technology Laboratory, Carbon Capture Technology Program Plan, Link:
http://netl.doe.gov/technologies/coalpower/ewr/pubs/Program-Plan-Carbon-Capture-2013.pdf
[3] National Energy Technology Laboratory, CO2 Emissions Control Website:
http://netl.doe.gov/technologies/coalpower/ewr/co2/index.html
[4] For additional information on CCSI, please visit https://www.acceleratecarboncapture.org/
[5] U.S. Department of Energy, National Carbon Capture Center Website:
http://nationalcarboncapturecenter.com/
[6] S. R. Venna, M. Lartey, T. Li, A. Spore, S. Kumar, H. Nulwala, D. R. Luebke, N. L. Rosi and
E. Albenze, Fabrication of MMMs with improved gas separation properties using externallyfunctionalized MOF particles, J. Mater. Chem. A, 3 (2015) 5014.
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Subtopic Area E-1c
Hollow Fiber Membrane Module Design
The goal of this subtopic is to advance the current state-of-the-art in design and fabrication
techniques for hollow fiber gas separation membrane modules in applications with low driving
force such as the separation of CO2 from N2 in post-combustion flue gas. Innovative module
designs are being sought that will minimize the effects of pressure drop and concentration
polarization while maximizing the membrane packing density and total gas transport
characteristics of the device. The module should employ membranes that are of a hollow fiber
geometry and should be of sufficient scale to accommodate a feed gas flow rate of between 1 to
100 SLPM. The study may include modeling aspects, but must also include experimental
fabrication and testing of the designed membrane modules.
It is expected that projects will begin at TRL 3 or TRL 4 stage and achieve TRL 4 or TRL 5 by
the end of the project period. Therefore, a minimum of 20 percent cost share is required for
research activities at this applied stage.
Collaboration Opportunities with NETL
Materials Engineering & Manufacturing (MEM) Core Competency: NETL-developed hollow
fiber membranes will be made available for integration into membrane modules. The laboratory
will be available for up to 20 working days during the first year. The membrane modules will be
tested using simulated or actual flue gas to determine the gas separation and other performance
characteristics. Simulated flue gas experiments will be conducted at NETL in the Reaction
Chemistry and Engineering Laboratory. Up to 0.1 FTE of NETL labor will be available for
designing the experiments, conducting the laboratory tests, and interpreting data. Projects
awarded through this solicitation that achieve satisfactory performance in simulated
environments during the first year may have the opportunity to collaborate with NETL to test
under actual flue gas environments at the National Carbon Capture Center (NCCC) [5]. The
NCCC facility may be available for up to 3 working days during the second year. Up to 0.1 FTE
of NETL labor may be available for designing the NCCC experiments, conducting the laboratory
tests, and interpreting data. Testing at NCCC is contingent upon resource availability.
Systems Engineering and Analysis (SEA) Core Competency: The Carbon Capture Simulation
Initiative (CCSI) Toolset includes a hollow fiber membrane process model that can be used to
evaluate and optimize membrane systems based on cost. Up to 20 hours of NETL labor is
available for analysis and system optimization of potential membrane systems utilizing the new
membrane modules.
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Computational Science and Engineering (CSE) Core Competency: NETL’s Multiphase Flow
Science Team has past and current research projects in the area of membrane model
development. This experience along with researchers actively conducting research in a broad
range of single and multiphase computational modeling can be leveraged by any successful
proposal from the Coalition. Support from NETL researchers equivalent to 0.05 FTE’s can be
expected to collaborate on the research and support membrane modeling efforts.
Award Information and Funding Amounts

Area of Interest
E-1c
Anticipated Project Period
Maximum Award Size
Expected Number of
Awards
Cost Share Requirement

18 months
approx. $300,000
0 to 2 Awards
20% minimum
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Subtopic Area E-1d
Phase Change Solvent Materials for Separation of CO2/N2
The goal of this subtopic is to develop novel phase changing liquid solvent materials for the
separation of CO2 from N2 in post-combustion flue gas. These materials should show the
potential for achieving a high CO2 solubility and low regeneration energy with the ability to
form solid preciptates from >90% of the absorbed CO2. Additionally, the materials should
also be stable when exposed to water and common contaminants such as SOx and NOx.
Amine based and amino acid based solvents are of particular interest, as well as solvents
that have been demonstrated to form high surface area, nano-sized, or structured
precipitates. The proposed materials should be accompanied by a method for process
integration with a cycling carbon capture unit in a post-combustion coal fired power plant.
It is expected that projects will begin at TRL 3 or TRL 4 stage and achieve TRL 4 or TRL 5 by
the end of the project period. Therefore, a minimum of 20 percent cost share is required for
research activities at this applied stage.
Collaboration Opportunities with NETL
Materials Engineering & Manufacturing (MEM) Core Competency: Applicants will
collaborate with the NETL research staff to incorporate these phase change materials into
practical membrane geometries and test them using simulated flue gas. Solvent materials may
be tested at NETL’s Reaction Chemistry and Engineering Laboratory using a continuously
stirred tank reactor to measure gas solubilities using simulated flue or fuel gas, in the presence of
moisture. Solvent materials must be available in at least a 300 mL quantity in order to conduct
these tests. The laboratory will be available for up to 20 working days during the first year. Up
to 0.1 FTE of NETL labor will be available for designing experiments, conducting laboratory
tests, and interpreting data.
Computational Science and Engineering (CSE) Core Competency: Interphase mass transfer
modeling capabilities are available in NETL’s open source computational fluid dynamics suite,
MFIX. The hydrodynamics, heat transfer, and chemical reactions of multiphase flows are
modeled in MFIX by coupling one or more disperse phase models to an Eulerian fluid model.
The MFIX suite has three decades of development history and has been publicly distributed since
2001. It is supported at NETL by a team of in-house developers and modelers and currently has
over 4,000 registered users from universities, industry, and government laboratories. User
support is provided by subscribing to the MFIX mailing lists where members can post questions
to the user community or review the archives for past discussions. GitLab is used for managing
and tracking code development between the core development team and outside groups. In
addition, the supporting team described above is available to support any successful proposal
from the Coalition with support from NETL’s researchers equivalent to 0.10 FTE’s.
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Award Information and Funding Amounts
Area of Interest
E-1d
Anticipated Project Period
Maximum Award Size
Expected Number of
Awards
Cost Share Requirement
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0 to 2 Awards
20% minimum
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Support for 2

nd

Area of Interest (E-2)
Generation Carbon Capture Technology Scale Up

Overview
In conjunction with NETL’s carbon capture program, the Carbon Capture Simulation for
Industry Impact (CCSI2) project will utilize the computational tools and models developed under
the Carbon Capture Simulation Initiative (CCSI) to help ensure success and minimize risk of
several large-scale pilot projects as they move toward demonstration scale. Depending on the
specific technologies selected for large-scale pilots, additional model development work will be
required.
Advanced solvents including new amine formulations, carbonates, and ionic liquids are typically
more viscous than the conventional solvents, and their viscosities increase appreciably upon CO2
uptake, resulting in lower molecular diffusivities (and hence lower effective interphase mass
transfer rates). Furthermore, increasing solvent viscosity (while holding everything else constant)
increases solvent inventory in absorption columns, forcing lower solvent flow rates to avoid
flooding. It is unlikely that existing transport models for conventional solvents will be applicable
to these advanced solvents.
Reactive absorption at the gas-liquid interface occurs at micrometer level, while secondary flows
due to ripples at gas-liquid interface and repeated mixing and splitting of liquid stream occur at
millimeter to centimeter level, and an overall packed column is typically 10s of meters in height.
To reconcile the scale disparity, it is necessary to use finely resolved volume of fluid (VOF)
simulations to predict the effective mass transfer coefficient and wetted area for solvents with
different physical properties and levels of uptake. Upon experimental validation, these models
can be used to derive effective constitutive models for the coarser-grid computational fluid
dynamics (CFD) simulations as well as reduced order models that can be incorporated into
process models.
Technology Specific Goals and Priorities
1) Support the scale-up of 2nd generation carbon capture technologies via the use of
predictive models.
Challenges
1) It is unlikely that existing transport models for conventional solvents will be applicable to
advanced solvents with high viscosity.
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Subtopic Area E-2a
Validated VOF Simulations to Develop Models for Interfacial Area and Mass Transfer
The goal of this subtopic is to develop and utilize finely resolved, detailed VOF simulations of
coupled heat, mass, and momentum transfer problems in small regions representative of
absorption columns with structured packing to develop sub-models for interphase transfer of
momentum, mass, and heat, as well as interfacial area. These resulting relationships should be
suitable for use in both process models and coarse-grained CFD simulations. The underlying
VOF simulations must be calibrated and validated using data from one of several sources
including: bench scale experiments, literature values or from CCSI collaboration. Additionally,
uncertainties must be quantified to assess prediction confidence. The VOF simulations should be
conducted using OpenFOAM ®.
Collaboration with NETL via CCSI2 researchers [4] is essential for identifying solvents and
packings of interest as well as for obtaining data from experiments involving wetted wall
columns and structured packing under expected range of operating temperature, CO2 loading,
and concentration conditions. The experimental data will be used to further validate and calibrate
the resulting sub-models. Emphasis should be placed on development and refinement of
constitutive models for drag, wetted area, and effective mass transfer coefficients.
The insights from this work should lead to the development of a general framework to construct
coarse constitutive models from VOF simulations. It is expected that projects will begin at TRL
3 and achieve TRL 4 by the end of the project period. Therefore, a minimum of 20 percent cost
share is required for research activities at this applied stage.
Collaboration Opportunities with NETL
Computational Science & Engineering (CSE) Core Competency: The NETL’s Multiphase
Flow Science Team has past and current research projects under the previous Carbon Capture
Simulation Initiative (CCSI) and are expected to continue research efforts in the current initiative
CCSI2. Researchers have experience with several CFD platforms including (NETL’s MFIX
solver, FLUENT, and OpenFOAM). This experience with these solvers along with researchers
actively conducting fossil energy research in a broad range of single and multiphase
computational modeling can be leveraged by any successful proposal from the Coalition.
Support from NETL researchers equivalent to 0.10 FTE’s can be expected to collaborate on the
research and support VOF modeling efforts.
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Award Information and Funding Amounts:
Area of Interest
E-2a
Anticipated Project Period
Maximum Award Size
Expected Number of
Awards
Cost Share Requirement
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approx. $200,000
0 to 1 Awards
20% minimum
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F: OIL & GAS
[Natural Gas Infrastructure]
In FY2016, the Department of Energy Office of Fossil Energy’s Natural Gas Infrastructure
Methane Mitigation Research Program and Emissions Quantification subprogram will focus on
advancing national research goals through science and technology development conducted in
partnership with other federal agencies, national laboratories, academic researchers and the
private sector. The goal of the midstream program is to enhance the operational efficiency of
natural gas pipeline delivery in the United States by improving our ability to mitigate methane
emissions from the natural gas delivery infrastructure and quantify methane emissions in the
“midstream” infrastructure.
The NG Infrastructure Program aims to (1) enhance the operational efficiency of natural gas
delivery in the United States while mitigating methane emissions from midstream infrastructure
and (2) improve the quantification of methane emissions reported in the U.S. Environmental
Protection Agency (EPA) Greenhouse Gas Inventory (GHGI). This will be achieved by ensuring
the integrity and operational reliability of the nation’s natural gas infrastructure, with specific
emphasis on the portion of the system that connects producing fields with local distribution
systems, broadly defined here as “midstream” and including regional gathering and intrastate
pipelines, interstate pipelines, natural gas compression facilities, natural gas storage systems, and
non-residential distribution pipelines. Enhancements to the GHGI will be informed in
consultation with EPA and be conducted through a combination of technical analysis and field
research on priority areas.
The objective of the Quantification-focused component of the Program (and focus of this
proposed effort) is to better quantify methane emissions across the natural gas supply chain. The
program will work with the EPA to ensure that data produced is compatible with the national
GHGI. Efforts will focus on understanding regional variation and reducing uncertainty in
emissions estimates.
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Area of Interest (F-1)
Measuring and Monitoring the Air Quality Impacts of Unconventional Oil
and Gas (UOG) Development
Overview
The goal of this topic area is to improve the measuring and monitoring of air emissions from the
natural gas sector in order to help to enhance emission data for the EPA’s U.S. Greenhouse Gas
Inventory (GHGI). Since 2011, the scientific community has placed significant emphasis on
understanding and accurately quantifying methane emissions from natural gas systems. Nearly
30% of methane emissions can be attributed to the oil and natural gas sectors (EIA 2015, EPA
2015a). Large stationary source facilities are required to annually report their emissions to the
EPA Greenhouse Gas Reporting Program (EPA 2014), which collects emissions reports from 41
source categories, including non-agricultural sectors responsible for the majority of methane
emissions. Since the publication of 2011 emissions data, Greenhouse Gas Reporting Program
data has supported annual improvements in activity data assumptions required in the GHGI
methodology.
Several recent studies that have measured methane emissions from oil and gas facilities across all
segments of the supply chain have found discrepancies between measured emissions and those
estimated by EPA’s U.S. GHGI (ANL 2015, JISEA and Stanford 2015). It is a challenge to
estimate emissions from a large, complex system like the natural gas supply chain. Undertaking
improvements to the GHGI will help industry and policymakers better focus on the types of
facilities, equipment and components that should be identified for the conservation of natural gas
and reduction methane emissions. The potential program benefits include reducing greenhouse
gas emissions resulting from pipeline and equipment leakage.
The President’s Climate Action Plan called for Federal agencies to develop an Interagency
Methane Strategy, which was published in March 2014. (Executive Office of the President 2013)
The Strategy specifically focused on assessing methane emissions data and data gaps.
Importantly, the FY2016 Omnibus bill called for an Emissions Quantification for Natural Gas
Infrastructure research subprogram that will focus on better characterizing methane emissions
from the natural gas value chain. In addition, the language instructed DOE to work with EPA to
ensure that the data collected is compatible with the needs of the EPA GHGI.
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Subtopic Area F-1a
Fugitive Air Emission from Point Sources
The objective of this effort is to gather emission data from the natural gas sector in order to help
to enhance emission data for the EPA GHGI. While there are numerous components of energy
development that have been identified for monitoring and technology improvement, this subtopic
area emphasizes the monitoring of natural gas systems. More extensive monitoring of methane is
needed for natural gas systems so there can be a better correlation between the contributions of
each component to the regional methane emissions. The addition of valuable emissions data is
also needed in order to provide EPA with more accurate information for the GHGI.
In shale plays, some methane sources are well documented but for other portions of the natural
gas chain, a more detailed characterization is needed. More effort is needed in the area of
monitoring natural gas gathering systems, storage wells, distribution systems, and abandoned
legacy infrastructure as these subsystems can be difficult to identify, get access to and monitor
over time. The growth of the domestic natural gas industry has also added a tremendous
expansion of infrastructure with nearly 127 Bcf/d of pipeline capacity added in the United States
between 1998 and 2013 (DOE 2015). Underground natural gas storage has increased from
8,240,886 Mcf in 2000 to 9,233,352 Mcf in 2014 (EIA 2014.)
This subtopic seeks to increase the monitoring efforts of methane emissions through
collaborative field campaigns at the natural gas facility level in one or more of the following
systems: natural gas gathering systems, storage wells, distribution systems, and abandoned
legacy infrastructure. Emissions should be quantified and characterized over time and levels
attributed to each system. Only with an increase in the monitoring of these structures can the
U.S. get a handle on the leakage rates of these systems and possibly outline protocols for the
reduction of fugitive methane. The gathered data should be such that it can be utilized for the
GHGI and also compared to overall regional emissions. Technology development of methane
monitoring equipment is not being sought within this subtopic. A minimum of 20 percent cost
share is required of research projects at this applied stage (defined as TRL 3 or higher).

Collaboration Opportunities with NETL
Geological & Environmental Systems (GES) Core Competency: Applicants have the
opportunity to collaborate with the NETL research staff to utilize the capability of NETL’s
Mobile Air Monitoring Laboratory. The laboratory is a trailer-based air monitoring station that
houses several monitoring instruments that are capable of transmitting collected data back to the
NETL site via satellite. Instruments include: Picarro G2112-i Cavity Ring-down Spectroscopy
(CRDS) analyzer to measure methane, carbon dioxide, and carbon isotopes in methane and
carbon dioxide; Thermo Fisher Tapered Element Oscillating Microbalance (TEOM) to measure
coarse and fine particulate matter (PM10 and PM2.5); Perkin Elmer Ozone Precursor Analyzer
(a Gas Chromatograph – Flame Ionization Detector with sample introduction via thermal
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desorption) to measure volatile organic compounds (VOCs); Teledyne-Air Pollution Instruments
gaseous monitors for oxides of nitrogen and ozone; R. M. Young and Davis Instruments
meteorological sensors to measure temperature, humidity, wind speed, wind direction, and other
meteorological variables. The mobile air monitoring laboratory will be available for up to 30
working days during each year with up to 0.2 FTE per year of NETL labor available to operate
the laboratory and interpret data.
Applicants seeking to collect field-based data on methane emissions from natural gas and oil
process components may collaborate with NETL research staff experienced in methane plume
surveying, plume imaging, and flux and/or flow measurements. NETL equipment used for these
purposes include a Picarro G2203 methane and acetylene CRDS analyzer that measures fugitive
methane emissions via acetylene tracer measurement and maps concentration data to yield spatial
representation of methane plumes, two FLIR GF320 infrared cameras that can record still shots
or video of natural gas emissions for qualitative interpretation of emission sources, dynamic flux
chambers to measure methane flux, and a HiFlow sampler to measure methane flow rate. The
equipment will be available for up to 30 working days during each year with up to 0.2 FTE per
year of NETL labor available to operate the equipment and interpret data.

Award Information and Funding Amounts:
Area of Interest
F-1a
Anticipated Project Period
Maximum Award Size
Expected Number of
Awards
Cost Share Requirement

12-24 months
approx. $400,000
0 to 1 Awards
20% minimum
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G: ADVANCED COMBUSTION
DOE’s Advanced Combustion Systems (ACS) Program focuses on developing efficient and
economically-attractive combustion systems that generate electricity with near-zero emissions
including CO2. Central to the program are systems based on oxy-combustion, whereby fuel is
combusted with oxygen rather than air and chemical looping combustion, where oxygen is
supplied to the fuel via a solid oxygen carrier. In both cases the resultant flue gas is a
concentrated stream of CO2 enabling efficient and effective carbon capture. The ACS Program is
now focused on early stage “Transformational” technologies that offer the potential for
improvements in cost and performance beyond those expected from 2nd Generation
technologies. Key objectives for the ACS Program are as follows:
•
Complete R&D on near-term, 2nd Generation technologies such that they are ready for
demonstration in the 2020-2025 timeframe.
•
Complete the development and scale up of Transformational technologies in the 20162030 timeframe with demonstration projects expected to be initiated in the 2030-2035 time
period.
Additional information regarding DOE’s ACS Program can be
http://www.netl.doe.gov/research/coal/energy-systems/advanced-combustion/

found

here:

Area of Interest (G-1)
Supercritical CO2 Power Cycles
Overview
In addition to and in support of the two central technology pathways - oxy-combustion and
chemical looping - the Advanced Combustion program is also supporting the evaluation and
development of advanced concepts in order to drive down electricity costs. Activities range from
scoping studies and systems analysis to focused R&D. In FY16, the ACS program will support
and leverage the Department's investments in high-efficiency Supercritical CO2 (SCO2) power
cycles. Power cycles based on a SCO2 working fluid have the potential for higher thermal
efficiencies and a lower capital cost when compared to state of the art steam-based power
cycles. These potential benefits, combined with the compounding performance benefits from a
more efficient cycle on balance of plant requirements, fuel use, emissions, water use and costof-electricity (COE), are creating broad interest in the SCO2 power cycle. In order to realize a
lower COE from a large electric power generation application (>100 MWe) that is based on a
SCO2 power cycle, a turbine inlet temperature range of 600 – 760°C and greater, and cycle
efficiencies targeting 50% or greater are believed to be required.
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Subtopic Area G-1a
CFD Model Development for Direct Fired Supercritical CO2 Power Cycles
Supercritical CO2 (sCO2) power cycle operate in manners similar to other turbine cycles, but
they use CO2 as the working fluid in the turbomachinery. The cycles are operated above the
critical point of CO2 so that it does not change phases (from liquid to gas), but near the critical
point the fluid undergoes drastic density changes over small ranges of temperature and pressure.
Direct fired sCO2 cycles combust fossil fuels with oxygen and the resulting steam/CO2 mixture is
used to drive the turbine. Typical conditions are around 300 bar pressure, 700°C preheat
temperature and 1100°C combustion temperature with either natural gas or coal derived syngas
fuel reacting with oxygen in a highly CO2 diluted environment. It is not clear whether current
turbulence modeling approaches, including Reynolds Averaged Navier-Stokes and Large Eddy
Simulation and their associated assumptions and modeling constants are valid at these
conditions. Also, existing combustion modeling approaches such as chemical equilibrium,
embedded flamelets, thickened flames and others may not be applicable at these conditions
where Reynolds numbers are very high due to the high density and dissipative turbulence length
scales are very small. Furthermore, the mode of combustion might be very different from current
experience and may include a mix of auto ignition, flame propagation and distributed reaction.
Applications are sought which develop and validate CFD combustion and turbulence modeling
approaches which are suitable for to direct fired supercritical power cycles. Proposals may be
submitted at any TRL range within TRL 1-6. There is no minimum cost share requirement for
research activities at the basic/fundamental stage of TRL 1 and TRL 2. A minimum of 20 percent
cost share is required of research projects at the applied stages of TRL 3 to TRL 6.
Collaboration Opportunities with NETL
Computational Science & Engineering (CSE) Core Competency: Combustion and turbulence
modeling capabilities are available in NETL’s open source computational fluid dynamics suite,
MFIX. Hydrodynamics, heat transfer, and chemical reactions of multiphase flows can be
modeled in MFIX. MFIX, supported by a team of federal, contactor and post-doctoral
researchers and currently has over 4,000 registered users from universities, industry, and
government laboratories. MFIX user support is provided by subscribing to the MFIX mailing
lists where members can post questions to the user community or review the archives for past
discussions. GitLab is used for managing and tracking code development between the core
development team and outside groups. Furthermore, validation (data collection and approaches)
can be conducted as a collaborative effort with NETL. The supporting team described above
along with other researchers actively involved in single and multiphase CFD research are
available to support any successful proposal from the Coalition with support from NETL’s
researchers equivalent to 0.10 FTE’s.
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Award Information and Funding Amounts:

Area of Interest
G-1a
Anticipated Project Period
Maximum Award Size
Expected Number of
Awards

Cost Share Requirement

12-24 months
$200,000 –
400,000
0 to 2 Awards
TRL 1-2:
n/a
TRL 3-6:
20% minimum
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Area of Interest (G-2)
Chemical Looping Combustion
Overview
The combustion of fossil fuels in nearly pure oxygen, rather than air, presents an opportunity to
simplify carbon dioxide (CO2) capture in power plant applications. Chemical looping systems
produce oxygen internal to the process, eliminating the large capital, operating, and energy costs
associated with oxygen generation. Chemical looping combustion (CLC) is considered a
“transformational” technology with the potential to meet program cost and performance goals and
be ready for demonstration-scale testing by 2030.
In CLC systems, oxygen is introduced to the system via oxidation-reduction cycling of an oxygen
carrier. The oxygen carrier is usually a solid, metal-based compound. It may be in the form of a
single metal oxide, such as an oxide of copper, calcium, or iron, or a metal oxide supported on a
high-surface-area substrate (e.g., alumina or silica), which do not take part in the reactions. For a
typical CLC process, combustion is split into separate oxidation and reduction reactions in
multiple reactors. The metal oxide supplies oxygen for combustion in the fuel reactor, operated at
elevated temperature, and is reduced by the fuel. The reaction in the fuel reactor can be
exothermic or endothermic, depending on the fuel and the oxygen carrier. The combustion
product from the fuel reactor is a highly concentrated CO2 and H2O stream that can be purified,
compressed, and sent to storage or for beneficial use. The reduced metal carrier is then returned to
the air reactor, also operated at elevated temperature, where it is regenerated to its oxidized state.
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The air reactor produces a hot spent air stream, which is used to produce steam to drive a turbine,
generating power.
Current CLC R&D efforts are focused on developing and refining oxygen carriers with sufficient
durability to withstand harsh CLC environments; developing effective and sustainable solids
circulation and separation techniques; improving reactor design to support complete fuel
conversion and operational performance; and overall system design and optimization. Currently,
NETL supports several CLC projects in collaboration with industry, academia, and NETL’s
Research & Innovation Center (RIC), ranging from lab and bench scale testing to evaluation of
pilot-scale prototypes (3 MWth).

Subtopic Area G-2a
Oxygen Carriers for Chemical Looping Combustion of Solid Fuels
Oxygen carriers for chemical looping combustion (CLC) and chemical looping oxygen uncoupling (CLOU) have been used in solid fuel combustion. In CLC, solid is gasified with steam
and the synthesis gas from gasification reacts with solid fuels. CLOU is an approach to CLC
with solid fuel using an oxygen carrier that releases gaseous oxygen in the fuel reactor. This
allows the fuel to burn with gas-phase oxygen, which may result in faster reaction rates. CLOU
oxygen carriers must be able to both capture oxygen at the conditions of the air reactor and
release oxygen at the conditions of the fuel reactor. It is important to understand the reaction
mechanisms of both CLOU and CLC carriers for solid fuel combustion.
Applications are sought to study reaction mechanisms of both CLC oxygen carriers and CLOU
oxygen carriers for use in coal-based CLC systems. Efforts should focus on fundamental studies
to understand how these oxygen carriers interact with fuels at high temperatures and should
include kinetic studies, advanced in situ spectroscopic studies at high temperature and other
fundamental studies to evaluate the relationship between carrier composition and reactivity.
These studies should lead to development of better oxygen carriers for solid fuel combustion.
Proposals may be submitted at any TRL range within TRL 1-6. There is no minimum cost share
requirement for research activities at the basic/fundamental stage of TRL 1 and TRL 2. A
minimum of 20 percent cost share is required of research projects at the applied stages of TRL 3
to TRL 6.
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Collaboration Opportunities with NETL
Energy Conversion Engineering (ECE) Core Competency:
Applicants have the opportunity to collaborate with the NETL research staff in the following
areas:
1) Near-isothermal reactor testing with online gas phase analysis. This setup is capable of
studying solid fuel reactions with CLOU oxygen carrier materials. The current temperature range
is 600-1000°C. The sample size is on the order of 100 grams (combined oxygen carrier and solid
fuel).
2) TGA with online gas phase analysis. Current capabilities include high speed TGA, high
pressure TGA, and more conventional TGA units.
3) Fixed bed reactor studies using temperature programmed reduction or oxidation studies with
online gas phase analysis. The temperature range is 600-1000°C.
4) Attrition studies using ASTM D5757 test method. The typical sample size is 50 grams.
5) Fluidized bed reactor studies using solid fuels.
6) Integrated 50kW chemical looping reactor testing. The temperature range is 800-1100°C and
the operating pressure range is 130-300 kPa. The sample size required for this test will be on the
order of 70-150 kg.
Up to 0.5 FTE of NETL labor will be available for designing the experiments, conducting the
laboratory tests, and interpreting data.
Award Information and Funding Amounts:
Area of Interest
G-2a
Anticipated Project Period
Maximum Award Size
Expected Number of
Awards

Cost Share Requirement

12-24 months
$200,000 –
400,000
0 to 2 Awards
TRL 1-2:
n/a
TRL 3-6:
20% minimum
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Area of Interest (G-3)
Novel Concepts
Overview
A number of technical and economic challenges must be overcome before cost-effective
solutions can be implemented throughout the United States to address climate change concerns
associated with fossil energy-based electric power production. Specifically, the integration of
Carbon Capture and Storage (CCS) with coal-fired power generation at commercial scale needs
to be demonstrated, and the permanence and safety of CO2 storage must be assured. Capital and
operating costs must be significantly reduced so that CCS technology can be deployed on both
new and existing facilities for a wide range of fuel types and geological storage settings.
Overcoming these challenges requires innovative strategies that must be developed in
conjunction with the private sector and DOE’s academic partners. To achieve this outcome, DOE
is addressing the key challenges that confront the wide-scale commercial deployment of CCS
through industry/Government/ academic cooperative research on cost-effective capture, storage,
and power plant efficiency-improvement technologies. The CCS and Power Systems R&D
program area conducts and supports long-term, high-risk R&D to significantly reduce fossil fuel
power-plant emissions (including CO2) and substantially improve efficiency, leading to viable,
near-zero-emissions fossil fuel energy systems. Advanced Combustion Systems research is
focused on the continued development of oxy-combustion and chemical looping combustion
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technologies as well as integration with advanced power cycles such as Supercritical CO2 Based
Power Cycles.

Subtopic Area G-3a
Novel Concepts for Advanced Combustion
Advanced combustion power generation combusts fossil fuels in a high-oxygen (O2)
concentration environment rather than air. This eliminates most, if not all, of the nitrogen (N2)
found in air from the combustion process, resulting in flue gas composed of CO2, water (H2O),
contaminants from the fuel (including coal ash), and other gases that infiltrated the combustion
system. The high concentration of CO2 (≈70 percent) and absence of nitrogen simplify separation
of CO2 from the flue gas for storage or beneficial use. Thus, oxygen-fired combustion is an
alternative approach to post-combustion capture for carbon capture and storage (CCS) for coalfired systems.
While development of advanced combustion technologies is ongoing, significant challenges
remain to improve performance and reduce the cost of these technologies. As a result,
applications are sought for new and innovative advanced combustion processes for coal-based
power systems with CO2 capture. Technologies should show potential to reduce the cost of
electricity as compared to existing approaches through improvement in overall system efficiency
and/or reduction of capital cost. Technologies should be at the conceptual or laboratory stage of
development.
Truly novel ideas in advanced combustion are sought through this subtopic. The following areas
are not within the scope of this subtopic and proposals in these areas will be considered nonresponsive:
•
•
•
•
•
•
•
•

Pre-combustion and Post-combustion CO2 capture
CO2 compressor development
Co-firing of biomass or natural gas in existing boilers
Conversion of CO2 to non-regenerable materials/beneficial reuse capture (e.g.,
direct mineralization or other once-through systems)
Stand-alone oxygen production systems
Oxygen membrane integrated systems
Chemical looping gasification or fuels production systems
Oxygen-blown gasification systems

Proposals may be submitted at TRL 1 or TRL 2 range. There is no minimum cost share
requirement for research activities at the basic/fundamental stage.
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Collaboration Opportunities with NETL
Because this task is seeking the development of novel concepts the relevant core competencies
are not known yet. The applicants are encouraged to self-identify the relevant NETL core
competencies. During the first year of the project period, the NETL Senior Fellow for Energy
Conversion Engineering (ECE) will provide consultancy support to the applicant. The NETL
effort will be up to 0.05 FTE.

Award Information and Funding Amounts:
Area of Interest
G-3a
Anticipated Project Period
Maximum Award Size
Expected Number of
Awards

Cost Share Requirement

12-24 months
$200,000 –
400,000
0 to 2 Awards
TRL 1-2:
n/a
TRL 3-6:
20% minimum
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ATTACHMENT B – NETL CORE COMPETENCY DESCRIPTION
NETL’s Research & Innovation Center (RIC) develops, nurtures and exercises the core technical
competencies that enable NETL to be an international resource for Fossil Energy Technology
Discovery, Development and Deployment. Through effective leverage of its technical core
competencies, and in collaboration with partners from industry, academia, and other government
laboratories, the RIC delivers the knowledge and technologies that can enable the affordable,
sustainable access and utilization of our abundant, domestic energy resources, by:
• Developing and proving solutions to key barriers to the implementation of emerging
energy technologies
• Exploring and maturing transformational new concepts for next generation energy
systems
• Leveraging core competencies to rapidly respond to issues of National concern
The RIC is responsible for safe and efficient research operations at its Albany, Morgantown, and
Pittsburgh sites; and for implementation of an R&D portfolio that effectively leverages core
technical competencies to meet customer needs. Research projects effectively combine sciencebased simulations with targeted experimental validation from laboratory to demonstration scales,
to accelerate the technology development process. Research within the NETL labs typically will
focus on technology readiness levels (TRLs) up to level four. Research is coordinated with
extramural projects as appropriate to lead to eventual commercial development at higher TRLs.
The RIC is also responsible for nurturing the human capital, and designing and implementing the
laboratory capabilities, necessary to assure the world-class stature of its technical core
competencies.
The core competencies at NETL are developed and maintained within the five divisions of RIC,
as described following.
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Geological and Environmental Systems (GES)
Leveraging expertise in geomaterials science, fluid flow in geologic media, multi-scale
assessments, geospatial data management & analyses, and strategic field monitoring, NETL
conducts science and engineering research of natural systems to develop the knowledge and
technologies that can enable safe, sustainable production and utilization of domestic energy
resources. The competency includes development of numerical modeling with attributes that are
unique to subsurface applications. Current NETL subsurface research efforts focus on CO2
storage, unconventional tight gas resources, hydrates, offshore oil and gas, and geothermal
systems. Specific attributes of this research competency include:
Geomaterials science capabilities that are used to characterize natural and man-made materials
in the subsurface, and how they change with different in situ conditions, such as pressure,
temperature, composition, biological activity, and stress. These capabilities share resources and
collaboration with the Materials Science & Engineering focus area.
Combined theory, lab, simulation, and field approaches to measure and predict fluid flow in
geologic media at all scales, which are focused on the most pressing new problems, including
fracture-dominated flow seen in shale gas and oil applications and reduced order modeling
required for decision-ready science.
Multiscale assessments to enable accurate analyses of the occurrence and distribution of in situ
resources, as well as predictions of the performance of engineered natural systems over a range
of time and space scales.
Geospatial data management and analyses that includes a growing suite of knowledge and
tools for managing, analyzing, and interpreting data, including big data approaches, needed for
multiscale assessments and other energy-related issues.
Development and application of new and innovative monitoring technologies, including the
development and testing of new protocols and approaches for site characterization and
monitoring of engineered natural systems.
Geology and Geospatial Analysis
The Geology and Geospatial Analysis Team characterizes geologic frameworks associated with
a variety of energy-related systems supporting environmentally sustainable development.
Characterization is robust and includes the analysis of engineered-natural systems in order to
assess impacts and risk, and reduce the uncertainty of myriad data sets and modeling results.
The team develops and secures geologic characterization data at a variety of scales, e.g., pore
scale to regional scale, employing multiple on-site (e.g., Scanning Electron Microscope) and
mobile (e.g., Mobile Sediment Analysis Laboratory) laboratory systems as warranted.
Geostatistical approaches are exercised to ensure the fidelity of data sets as is [big] data analytics
when complex data sets apply. The team develops subsurface maps and models of earth systems
to effectively inform the research program on key issues. Volumes of data are effectively
managed and shared with collaborators through NETL’s Energy Data eXchange. Both data and
predictive outcomes from related modeling activities, e.g., fate and transport, are effectively
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communicated to multiple classes of stakeholders through geospatial approaches combined with
state-of-the-art visualization methods.
Geochemistry & Water
The Geochemistry and Water Team conducts research to understand the geochemical,
microbiological, and physical impacts of energy-related natural resource development and
environmental mitigation strategies on natural and engineered geologic systems. In order to do
this, the team develops and applies geochemical and biogeochemical testing techniques, and
conducts targeted experimentation and modeling of materials behavior in geologic environments.
The team conducts field and laboratory studies to determine baseline conditions and assess
changes to those conditions. Theoretical and quantitative modeling are used to analyze coupled
processes involving fluid flow, temperature flux, chemical and biological reactions. Results
demonstrate relationships between system conditions and development of fossil energy resources
and carbon storage reservoirs, and enable the improvement of processes for resource recovery
and environmental monitoring, protection, and mitigation.
To accomplish these functions, the team draws on research competence in geochemical surface
science, mineralogy, metagenomics, isotope analysis, techniques to monitor fluid-rock
interactions, reactive transport processes, water quality monitoring and mitigation, and
characterization of hydrate-bearing sediments. It develops tools and processes as needed to
evaluate biological, chemical, and physical processes in geologic environments. Key facilities
are accessible to the team for fluid chemistry analysis, isotope analysis, microbiological DNA
sequencing, subsurface process analysis, geomaterials characterization, cement and wellbore
integrity investigations, and studies in high-pressure water environments.
Geophysics
The Geophysics Team seeks to better understand underground fluid flow from the pore to
reservoir scales. To this end, it conducts world-class research to image fluids and rocks under in
situ conditions at the micro to macro scales. The team develops and demonstrates predictive
capability through coupled geomechanical and fluid-flow models for porous and fractured media
at the reservoir scale.
The Geophysics Team performs experiments and develops computer codes for the study of
underground fluid flow and deformation of solid materials in an effort to predict the behavior of
coupled hydrologic, geomechanical, geophysical, and geothermal processes from the core to the
reservoir scale and from short to long time scales. In particular, this Team has expertise and
facilities for measurement, imaging, and analysis of fluid and rock properties under in situ
conditions, and for measurement of hydrologic properties on permeable and fractured cores
under single and multiphase flow situations with varying stress conditions (CT imaging lab;
NER-Autolab; Geo/Fluid Lab; ; Core Flow Lab). The Team uses its expertise and facilities to
develop reduced-order models that simulate the behavior of reservoirs, seals, and other
subsurface systems: FRACGEN (reservoir scale fracture generation code) and NFFLOW
(discrete fractured reservoir model); NETFLOW (internally developed two-phase pore scale flow
code); and NRAP’s Integrated Assessment Model, Reservoir Model, and Seal Model. The Team
also develops or expands new physics-based techniques of underground investigation, such as
underwater laser induced breakdown spectroscopy sensing techniques.
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Field Monitoring
The Field Monitoring Team identifies, quantifies, and mitigates potential environmental impacts
arising from the development of subsurface energy resources. This Team provides a critical link
between NETL’s laboratory and computational research competencies, and the regulators and
industry that are responsible for the safe, efficient development of subsurface energy resources.
This mission is accomplished by 1) working with industry to design and implement field
experiments that answer key questions about the safety, efficiency, and environmental
performance of emerging energy development methods, 2) developing sentinel technologies that
provide early warning of unwanted migration of fluid and gas from the subsurface, and 3)
developing methods that identify potential environmental and operational vulnerabilities (legacy
wells, faults, sensitive ecosystems, triggered seismicity, etc.) prior to the implementation of
energy extraction operations or waste storage/disposal projects.
The Field Monitoring Team conducts airborne, ground-based, and subsurface field investigations
using NETL’s mobile laboratory facilities, specialized field instruments, contracted airborne and
subsurface surveys, and expertise in: 1) monitoring and modeling of air quality, 2) quantification
of methane emissions, 3) geophysics (seismic, magnetic, electromagnetic, radiometric, galvanic
resistivity, and gravity), 4) spectral imaging and remote sensing (multispectral, hyperspectral,
night-time thermal infrared, LiDAR, and differential absorption LiDAR), 5) tracers (gas, liquid,
and proppant tracers), 6) measurement of surface and groundwater quality and flow, and 7)
geospatial mapping, analysis, and interpretation.
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Materials Engineering & Manufacturing (MEM)
NETL’s Materials Engineering & Manufacturing Directorate (MEMD) supports NETL’s ability
to design, develop and deploy advanced materials for use in the extreme service environments
and enable advanced energy systems. MEMD provides NETL a deep understanding of materials
and their performance at condition, and specializes in the design, development, and deployment
of advanced functional and structural materials. MEMD accelerates the development of material
solutions through an integrated R&D approach leveraging multi-scale, multi-discipline
computational, experimental techniques, and systems analysis; which encompasses the materials
development continuum ranging from atomic-level design through translating lab-scale materials
concepts to affordable industrial practice, utilizing advanced manufacturing methodologies.
MEMD compliments this approach with advanced tools, unique facilities, and broad expertise
across a variety of materials classes found in advanced energy systems. MEMD’s materials
solutions are scaled-up and tested at in-situ conditions for proof of concept in advanced fossil
energy systems.
Functional Materials Development
MEMD develops functional materials to enable carbon capture, chemical looping, solid oxide
fuel cells (SOFC), C-CBTL, unconventional resource recovery and other advanced energy
systems. MEMD specializes in the design, synthesis, fabrication, manufacturing and
performance assessment at condition of a wide class of materials (polymers, polymer
composites, ionic liquids, functional alloys, ceramics, electro-ceramics, glasses, thin-films, and
nano-engineered materials) for advanced energy systems, as follows:
•
Solid solvents, sorbents, and membranes (structures and modules) for carbon capture
and other gas separation applications.
•
Materials for low cost oxygen production for oxy-combustion and gasification
systems and durable oxygen carriers for chemical looping systems.
•
Sensing materials and devices for harsh environments. Harsh environment sensors are
needed for safe carbon storage, unconventional resource recovery and resource/CO2
transmission, as well as, for improving the efficiency of power generation systems.
Research focuses on materials and sensor packages for enhanced detection of
environmental conditions (T, pH, composition, etc.) and for enhanced monitoring of
component health (corrosion, mechanical strain, etc.) during operation.
•
Electro-chemical materials for SOFC and other devices.
•
Catalysts for C-CBTL conversion, CO2 utilization, and other reaction processes.
Structural Materials Development
MEMD develops structural materials to enable unconventional resource recovery, advanced
combustion systems, sCO2 power cycles, advanced turbines, direct power extraction and other
advanced energy systems. MEMD specializes in the design, synthesis, fabrication, and
manufacturing and performance assessment at condition of heat-resistant alloys, ceramics and
refractories as materials of construction and as environmental protection barriers for severe
service applications. MEMD focuses on developing cost-effective structural materials that can
withstand a combination of mechanical stress, corrosive and erosive environments for upwards
of 100,000’s hours service life, through improving existing alloys, designing new materials, and
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reducing manufacturing cost. MEMD also focuses on a better understanding of the performance
(corrosion, wear, hot-corrosion, oxidation, creep and fatigue resistance) in order to develop
materials that resist degradation in severe service environments.
Computational Materials Engineering
MEMD develops multi-scale computational simulations to accelerate the design, development
and deployment of new materials and fabrication methods. Simulations are also developed to
predict materials (microstructural) stability and functionality under service conditions and times
associated with advanced energy systems. MEMD specializes in quantum mechanics, classical
mechanics and micro-scale and meso-scale (ab initio, DFT, KMC, MD, CALPHAD, mean field,
phase field, finite element analysis, etc.) techniques needed to predict key materials parameters
and properties for the functional and structural materials described above. These predictions are
used to understand materials behavior and to guide experiments aimed at developing advanced
materials.
Materials Characterization
MEMD’s ability develop relevant processing-structure-property relationships and to assess
materials performance underlies MEMD’s ability to develop and deploy advanced functional and
structural materials. MEMD specializes in designing laboratory experiments to assess materials
performance in simulated service environments. Advanced microstructural characterization and
surface analysis techniques are used to interrogate microstructural evolution and response to
service conditions, which is critical for developing materials with improved performance
characteristics.
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Energy Conversion Engineering (ECE)
The ECE consists of both personnel and facilities that specialize in innovative energy conversion
processes and transformational technologies for utilization of fossil fuels. Although not limited,
focus is predominately on specific devices/processes and their integration into cohesive systems.
The Directorate’s competency allows for process level R&D, evaluation, integration & control
and validation of scalable performance models. This competency is strategically positioned to be
complementary with the other core RIC directorates for diligent and successful
conceptualization, evaluation, development and demonstration of advanced FE technologies.
Some of the more specific aspects this directorate encompass are as follows.
Thermal Sciences
This aspect of the Energy Conversion Engineering competency represents the underlying
expertise associated with a significant percentage of the applied problems in energy conversion
engineering. Carbon management goals for Fossil Energy systems will require significant
improvement in cycle efficiencies. This requirement will drive power generation systems to
higher temperatures and pressures than used today. NETL facilities provide a unique test
platform combining intermediate scale, high pressure, optical accessibility for model validation
and advanced simulation capabilities for development and testing of new power generation
system concepts. To address these issues, NETL utilizes expertise in fluid mechanics,
aerodynamics, reacting flow, gas dynamics, sprays & multi-phase flow, thermal radiation,
acoustics, and heat & mass transfer. NETL operates unique facilities that can provide
fundamental data on many of these topics; the data is used for numeric model development, and
applied to devices of interest in energy conversion. Example facilities include: ambient and highpressure combustion labs, with laser diagnostics, turbine heat transfer research, oxy-fuel
combustion facilities, MHD flow facility, chemical looping reactors and both high temperature
and low temperature multi-phase solids flow facilities with diagnostics.
Innovative Energy & Water Processes
This team will employ a range of scientific and engineering principles, tools and methods that
will allow us to successfully develop a variety of new transformational energy conversion
systems, both in fossil energy as well as fossil-renewable hybrid systems. Some of the present
technologies being applied toward improving energy conversion systems are: plasma generation
for direct energy extraction using MHD principles (plant efficiency improvements); photons and
phonons in new diagnostics and sensors (for new high temperature/pressure operation and longer
lifetimes; cyber-physical methods to help advance coupled energy conversion systems for
improved exergy utilization (i.e., hybridization of fossil energy as well as renewable energy
components with examples being fuel-cell & gas turbine hybrids, and gas turbine and geothermal
energy); chemical and physical methods in the transport of important fossil energy materials
(e.g., water purification of produced brines). The team will leverage the capabilities in all other
RIC teams toward achieving these advanced high efficiency fossil energy conversion
technologies.
Reaction Engineering
The principal focus and strength of the Reaction Engineering group is on innovation in chemical
reaction processes with bench-scale reactor research, evaluation and development. A significant
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portion of the science is based on conversion of various fossil and renewable fuels into synthesis
gas, chemicals and other fuels along with separation and cleanup processes. Both catalytic and
non-catalytic expertise exists, however, the group is building a significant capability of
alternative nontraditional catalytic conversion based on microwave, RF and plasma. Close
interaction with the RIC Materials Directorate is maintained to conduct the necessary
fundamental through applied science activities to evaluate and develop these technologies.
Multiphase Flow Science
This aspect of the Energy Conversion Engineering competency represents reactor performance
modeling expertise associated with the various energy conversion concepts being pursued in the
Directorate and across the RIC. With a current specialty focus on multi-phase gas/solid reactions
systems. This team/capability has experienced personnel and equipment/facilities to develop and
conduct detailed, scalable, high-speed computational fluid-dynamic (CFD) modeling of multiphase reactions. Central to NETL’s multiphase flow science team is the laboratory’s suite of
multiphase computational fluid dynamics (CFD) code, called Multiphase Flow with Interphase
eXchanges (MFIX). MFIX has been developed specifically for modeling reacting multiphase
systems. This open-source suite of software tools has over three decades of development history
and more than 3,500 registered users worldwide. This software has become the standard test bed
for comparing, implementing, and evaluating multiphase flow constitutive models and has been
applied to an extremely diverse range of applications involving multiphase flows. Central to the
development, testing, validation, and application of the models within MFIX is NETL’s
supercomputer “Joule”. Joule brings 503 TFlops of floating point operational power to the RIC.
With over 24,000 computational cores dedicated to fossil energy R&D, Joule allows researchers
across the RIC to advance the state-of-the-art in computational multiphase flow science. The
multiphase flow science team research and development combines development and application
of multiphase computational fluid dynamic models with small-scale, well-resolved experiments
to develop accurate models and to provide validated computational tools.
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Systems Engineering & Analysis (SEA)
The Systems Engineering and Analysis Directorate supports NETL’s Mission through (1)
analysis of its existing research portfolio and potential of new technology ideas, (2) identification
of new innovative energy concepts, and (3) analysis of interactions between energy systems at
plant, regional, national and global scales. It conceives, plans, manages, and conducts research in
the areas of energy process analysis, process systems engineering research, energy systems
analysis, and energy markets analysis. The Directorate’s activities range from analysis of single
energy processes (such as a power plant integrated with carbon capture and compression) to
interacting energy systems (such as the grid and the environment) to modeling and analysis of
economy-wide markets. In addition, this Directorate conducts research focused on the
development and utilization of advanced models coupled with optimization and uncertainty
quantification to support decision-making and process innovation.
Energy Process Analysis
The Energy Process Analysis Team (EPAT) develops and utilizes models and simulations to
guide and support NETL’s existing research portfolio, provide insight on the potential of new
technology ideas, identify new energy concepts, and analyze interactions between energy
systems at the plant scale. The team conceives, plans, manages, and conducts plant- and plant
subsystem-level performance and cost model development and analysis, including those
incorporating novel energy conversion and/or environmental control technologies. The team
develops and maintains standards, tools, and databases to support the efficient, timely execution
of high quality analyses, including those carried out by external entities. These analyses may be
for specific or multiple technologies (e.g., NETL Baseline Studies), and apply to technologies
spanning the technology readiness spectrum, from new concepts to commercial technologies.
Analyses inform existing and future intramural and extramural R&D, as well as serve as a basis
for the evaluation of external techno-economic analyses, technology maturation plans,
technology readiness assessments, etc. These analyses support strategic planning, portfolio
analysis, and program evaluation efforts. The team utilizes an up-to-date suite of commercial
process simulation tools and maintains extensive capital cost estimation capabilities.
Process Systems Engineering Research
The Process Systems Engineering (PSE) Research Team is concerned with the discovery, design
and operation of energy systems, including generation and distribution, in the context of many
conflicting goals. Research in PSE develops systematic decision-making techniques for
maximizing profits, minimizing costs, and meeting environmental and technical constraints. PSE
involves the development and utilization of advanced models coupled with optimization and
uncertainty quantification to support decision-making. This includes capabilities such as technoeconomic analyses based on fundamental models and rigorously optimized processes
(complementing the type of analyses performed by Energy Process Analysis), screening new
concepts and materials in the context of complete processes, identification of new process
concepts, simultaneous product and process design (i.e., determining the best material and
process for a given application), evaluation of operability and flexibility, and process integration.
In addition, this team will develop and apply next generation computational tools and rigorous
models to enable process synthesis, design, optimization, process intensification, and uncertainty
quantification. These tools will be applied to identify and develop new, innovative energy
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systems, which are capable of meeting environmental and economic objectives. Scope of these
systems range from process to region to global. This team will also apply advanced models to
help develop and scale up innovative processes in cooperation with industry partners.
Energy Systems Analysis
The Energy Systems Analysis Team (ESAT) core activity areas include sustainable energy
analysis, resource assessment, and energy security and assurance analysis. The team looks across
broad areas of inquiry in support of NETL’s enduring missions of effective resource
development and environmental sustainability. The team develops methodologies and deploys
tools and models furthering analysis in these areas. Core analysis functions and activities involve
Sustainable Energy Analysis and Energy Security and Assurance. Sustainable Energy Analysis
includes multiple aspects of Life Cycle Analysis. In addition, this team conducts resource
assessments and analyses of the availability of domestic resources such as fossil fuels, water, and
rare earth elements as well as of the CO2 storage potential and costs of various geologic
formations. Energy Security & Assurance includes activities related to Energy Security
Assessments (such as supply-side pathways to enhance security), Infrastructure and Reliability
Assessments (such as electricity system dispatch, pipeline networks, and electricity system
resilience) and Emerging Energy Concepts that are focused on the identification and evaluation
of novel energy concepts, such as integration of renewable energy technologies with fossil
energy platforms.
Energy Markets Analysis
The Energy Markets Analysis Team (EMAT) develops and utilizes economic modelling and
analysis techniques to investigate regional, national and/or international impacts of state of the
art and transformational energy technologies under a wide spectrum of possible future scenarios.
A variety of complex energy models are leveraged to support NETL’s current research portfolio
and programs, identify new program opportunities, perform novel analyses, and provide rapid
response analysis support for NETL, DOE, and the National Laboratory Complex. The EMAT
assesses current and projected trends in sectors directly and indirectly related to both the
domestic and international energy economy. These include regulatory and legislative actions,
energy supply and demand, technology cost and availability, financial markets, resource
constraints (such as water availability), and other relevant areas. This information is used to
construct alternative future scenarios, which are then represented in a variety of models to assess
existing and potential impact of NETL R&D activities to the energy-economy and the
environment. Integrated assessment models, such as the National Energy Modeling System
(NEMS), are used to evaluate the role of NETL’s technology portfolio under a myriad of
possible future conditions, as well as determine secondary impacts – such as water consumption
– of competing scenarios. Such analyses identify potential market opportunities, inform the
development of program goals and targets, estimate level of market deployment, and estimate
direct and indirect impacts to the energy-economy and environment.
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Computational Science & Engineering (CSE)
In support of the DOE and NETL missions, the capabilities in high-performance computing and
data analytics maintained by this directorate enable the generation of information and
understanding beyond the reach of experiments alone, through the integration of experimental
information with computational sciences and engineering across time and length scales.
Hardware & Network
The core computing resource for Computational Sciences & Engineering is named Joule, a 503TFLOP supercomputer. Joule is composed of 1512 nodes, each containing 16 Intel Sandy
Bridge cores, 32 or 64 GBs of RAM, 2TB of RAID1 local scratch space, and a QDR InfiniBand
network connection. The InfiniBand network provides full bisection bandwidth to all nodes via a
full fat tree topology. In total, the supercomputer provides 25,192 cores, 76 TBs of memory, 9
PBs of local scratch storage, and 1 PB of permanent storage. Please visit http://hpc.netl.doe.gov
for more information.
A small development cluster using Intel Knights Corner MIC processors is also available for
software optimization and testing. The planned successor to Joule will leverage a combination of
new Intel Broadwell CPUs and Intel Knights Landing MIC processors and will provide up to 5
PFLOPs of performance.
HPC resources are accessed via a custom login client that provides both text-based and persistent
GUI sessions, file transfer, and collaborative desktop sharing. It is useable from any network
inside or outside NETL without restriction. The system is connected to 3ROX’s High-Speed
Optical Network (HSON), as well as NETL core network.
Data Analysis & Visualization
This competency includes development of data science, data analytics, data architecture and
complex data visualization methodologies and tools, with attributes that are unique to fossil
energy applications. It represents NETL’s emerging expertise in data-intensive, domain-guided
statistical design for optimal manufacturing, computational process and materials engineering,
with uncertainty quantification to support decision-making, and additional scientific insight into
complex, noisy, high-dimensional, and high-volume data sets from experiments and simulations.
The Data Analysis & Visualization Team develops and utilizes unique capabilities in parallel and
distributed computing, not only SQL databases, data ingestion, integration and preprocessing
(cleaning, parsing, organizing according to the tidy/structured data principles, managing,
maintaining, and validating), machine learning, artificial intelligence, fast and scalable
exploratory data analysis, statistical inference, feature discovery, mathematical and semisupervised generalized higher-order system equation modeling to identify relationships and
latent variables, advanced expert systems and knowledge-based technologies.
The team is equipped to construct and explore databases with a variety of languages including R,
Python, C/C++, CUDA, MATLAB, Java, VisIt, ParaView, Blender, Ensight, Tecplot, FFmpeg,
and Chimera. Several purpose-built visualization systems are also available. These contain 256
GBs of RAM and four Nvidia GPUs, as well as local RAID6 storage. These systems are
specifically designed to allow visualization and exploration of large datasets and are accessible
using the same remote access client as used for Joule access. The visualization systems are also
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available as large-memory nodes for offline data analysis. The uncertainty quantification analysis
software PSUADE is available on Joule. PSUADE, which is a free software from Lawrence
Livermore National Laboratory allows the user to assess uncertainties due to variabilities in
model input parameters, boundary conditions, missing physics and model implementation in
numerical simulations and data-driven phenomenological models.
Software & Automation
Several commercial and open-source CFD and Multiphysics software packages available,
including
Ansys,
FLUENT,
OpenFOAM,
COMSOL,
NETL’s
MFiX
Suite
(http://mfix.netl.doe.gov), and Barracuda. Many computational chemistry simulation codes are
also available, including VASP and Gaussian. Available visualization tools include Paraview,
Ensight, Visit, and TecPlot.
A full suite of Intel and GNU development tools are available for users developing or porting
code. Source code management is provided by an NETL hosted GitLab site, which supports
multilevel user permissions, code reviews, issue tracking, and wiki capabilities. A continuous
integration (CI) server, Jeknins, offers regression testing for improved software quality
assurance. Allinea DDT is available for interactive debugging of serial and MPI based C, C++,
and Fortran programs. Software performance analysis tools include Intel VTune and Allinea
MAP.
Informational Access & Infrastructure
Many details about Joule and the other computational resources are available at
http://hpc.netl.doe.gov.
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ATTACHMENT C – CORE COMPETENCY TABLE
Materials
Geological &
Engineering &
UCFER Research Topics
Environmental
Manufacturing
by Technology Line
Systems (GES)
(MEM)
[E-1] Carbon Capture - Transformational Membrane Materials for Carbon Capture
Subtopic E-1a: Innovative Polymeric
X
Membrane Materials for Separation of CO2/N2
Subtopic E-1b: Thin Film Fabrication and
Characterization for Polymeric Gas Separation
X
Membranes
Subtopic E-1c: Hollow Fiber Membrane
X
Module Design
Subtopic E-1d: Phase Change Solvent
X
Materials for Separation of CO2/N2

Energy Conversion
Engineering (ECE)

Systems
Engineering &
Analysis (SEA)

Computational
Science &
Engineering (CSE)

X

X
X

[E-2] Carbon Capture - Support for 2nd Generation Carbon Capture Technology Scale-Up
Subtopic E-2a: Validated Volume of Fluid
(VOF) Simulations to Develop Models for
Interfacial Area and Mass Transfer

X

[F-1] Oil & Gas (NG Infrastructure) - Measuring and Monitoring the Air Quality Impacts of Unconventional Oil and Gas (UOG) Development
Subtopic F-1a: Fugitive Air Emission from
X
Point Sources
[G-1] Advanced Combustion - Supercritical CO2 Power Cycles
Subtopic G-1a: CFD Model Development for
Direct Fired Supercritical CO2 Power Cycles

X

[G-2] Advanced Combustion - Chemical Looping Combustion
Subtopic G-2a: Oxygen Carriers for Chemical
Looping Combustion of Solid Fuels
[G-3] Advanced Combustion - Novel Concepts
Subtopic G-3a: Novel Concepts for Advanced
Self-Identification
Combustion
by Applicant

X
Self-Identification
by Applicant

Self-Identification
by Applicant

Self-Identification
by Applicant

Self-Identification
by Applicant
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ATTACHMENT D – NETL TECHNOLOGY READINESS LEVELS
TRL

Definition

Description

1

Basic principles observed
and reported

Core Technology Identified. Scientific research and/or principles exist and have
been assessed. Translation into a new idea, concept, and/or application has begun.

2

Technology concept and/or
application formulated

Invention Initiated. Analysis has been conducted on the core technology for practical
use. Detailed analysis to support the assumptions has been initiated. Initial
performance attributes have been established.

3

Analytical and
experimental critical
function and/or
characteristic proof-ofconcept validated

Proof-of-Concept Validated. Performance requirements that can be tested in the
laboratory environment have been analytically and physically validated. The core
technology should not fundamentally change beyond this point. Performance
attributes have been updated and initial performance requirements have been
established.

4

Basic technology
components integrated and
validated in a laboratory
environment

Technology Validated in a Laboratory Environment. The basic technology
components have been integrated to the extent practical (a relatively low-fidelity
integration) to establish that key pieces will work together, and validated in a
laboratory environment. Performance attributes and requirements have been
updated.

5

Basic technology
components integrated and
validated in a relevant
environment

Technology Validated in a Relevant Environment. Basic technology component
configurations have been validated in a relevant environment. Component
integration is similar to the final application in many respects. Data sufficient to
support planning and design of the next TRL test phase have been obtained.
Performance attributes and requirements have been updated.

Prototype validated in a
relevant environment

Prototype Validated in Relevant Environment. A prototype has been validated in a
relevant environment. Component integration is similar to the final application in
most respects and input and output parameters resemble the target commercial
application to the extent practical. Data sufficient to support planning and design of
the next TRL test phase have been obtained. Performance attributes and
requirements have been updated.

7

System prototype validated
in an operational system

System Prototype Validated in Operational Environment. A high-fidelity prototype,
which addresses all scaling issues practical at pre-demonstration scale, has been
built and tested in an operational environment. All necessary development work has
been completed to support actual technology testing. Performance attributes and
requirements have been updated.

8

Actual technology
successfully commissioned
in an operational system

Actual Technology Commissioned. The actual technology has been successfully
commissioned for its target commercial application, at full commercial scale. In
almost all cases, this TRL represents the end of true system development.

9

Actual technology operated
over the full range of
expected operational
conditions

Commercially Operated. The actual technology has been successfully operated longterm and has been demonstrated in an operational system, including (as applicable)
shutdowns, startups, system upsets, weather ranges, and turndown conditions.
Technology risk has been reduced so that it is similar to the risk of a commercial
technology if used in another identical plant.

6
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Glossary of Terms
Actual Technology: The final product of technology development that is of sufficient size, performance, and
reliability—ready for use at the target commercial application. The technology is at Technology Readiness Levels
(TRLs) 8–9.
Basic Technological Components Integrated: A test apparatus that ranges from (1) the largest, most integrated
and/or most realistic technology model that can reasonably be tested in a laboratory environment, to (2) the
lowest-cost technology model that can be used to obtain useful data in a relevant environment.
Commissioning/Commission: The actual system has become operational at target commercial conditions and is
ready for commercial operations.
Concept and/or Application: The initial idea for a new technology or a new application for an existing technology.
The technology is at TRLs 1–3.
Core Technology: The idea, new concept, and/or new application that started the research and development (R&D)
effort. Examples include: (1) a new membrane material, sorbent, or solvent; (2) new software code; (3) a new
turbine component; (4) the use of a commercial sensor technology in more durable housing; or (5) the use of a
commercial enhanced oil recovery technology to store CO2. Typically this is a project’s intellectual property.
Fidelity: The extent to which a technology resembles its intended use in the target commercial application.
Integrated: The functional state of a system resulting from the process of bringing together one or more technologies
or subsystems and ensuring that each function together as a system.
Laboratory Environment: An environment isolated from the commercial environment in which lower-cost testing is
performed to obtain high-quality, fundamental data at earlier TRLs. For software development, this a small-scale,
simplified domain for a software mockup.
Operational System: The environment in which the technology will be tested as part of the target commercial
application.
Performance Attributes: All aspects of the technology (flux, life, durability, cost, etc.) that must be tested to ensure
the technology will work at the target commercial application, including all needed support systems. It is likely
that the performance attributes list will increase as the technology matures. Performance attributes must be
updated as new information is received and formally reviewed at each TRL transition.
Performance Requirements: Criteria that must be met for each performance attribute before the actual system can be
used at its target commercial application. These will be determined through consideration of technology test data,
funding program goals, systems analysis, etc. Performance requirements may change over time, and it is unlikely
that all of them will be known at a low TRL.
Program: The funding program. The program goals will be used to judge project value and, in concert with systems
analysis, will support acceptable performance requirements for the project. The funding program will also
determine whether the system will be tested under one or several sets of target commercial applications.
Project: The funding mechanism for technology development, which often spans only part of the technology
development arc. Some projects may contain aspects that lack dependence; these may have different TRL scores,
but this must be fully justified.
Proof-of-Concept: Reasonable conclusions drawn through the use of low-fidelity experimentation and analysis to
validate that the new idea—and resulting new component and/or application—has the potential to lead to the
creation of an actual system.
Prototype: A test apparatus necessary to thoroughly test the technology, integrated and realistic as much as practical,
in the applicable TRL test environment.
Relevant Environment: More realistic than a laboratory environment, but less costly to create and maintain than an
operational environment. This is a relatively flexible term that must be consistently defined by each program (e.g.,
in software development, this would be “beta testing”).
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Target Commercial Application: This refers to one specific use for the actual system, at full commercial scale,
which supports the goals of the funding program. A project may include more than one set of target commercial
applications. Examples are:
1.

Technologies that reduce the cost of gasification may be useful for both liquid fuels and power production.

2.

Technologies that may be useful to monitor CO2 storage in more than one type of storage site.

Technology: This includes R&D work on all technology aspects, both within and external to any given project, that
must be done for the project’s core technology to translate into an actual system. It is likely that what comprises
the technology will increase as the TRL score increases. This includes concepts and/or applications (TRLs 1–3),
components and/or systems (TRLs 4–5), prototype in a relevant environment (TRL 6), high-fidelity prototype in
an operational environment (TRL 7), and the actual technology (TRLs 8–9).
Technology Aspects: Different R&D efforts, both within and external to any given project. Examples include
material development, process development, process simulation, contaminant removal/control, and thermal
management.
Validated: The proving of all known performance requirements that can reasonably be tested using the test apparatus
of the applicable TRL.
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ATTACHMENT E - CHECKLIST
PI:

________________________________________________________________

Affiliation:

________________________________________________________________

Project Title:

________________________________________________________________

To assure your application is complete, we have provided the following checklist. Please ensure
you include/comply with the following items. You may be ineligible for award if all
requirements of this RFP are not met on the proposal due date.
_________

Cover page completed and signed by PI and authorized representative.

_________

Table of Contents

One page maximum

_________

Executive Summary (public abstract)

One page maximum

_________

Project Description

Five page maximum

_________

Project Schedule

One page maximum

_________

Anticipated Results

One page maximum

_________

Budget with appropriate justification

___________

Cost-Share Commitments/ Letters of Commitment

_________

Biographical Sketches

_________

Environmental Questionnaire

_________

Foreign National Information?

_________

Collaboration with NETL

_________

Collaboration with industry?

_________

Letters of Support, required for proposals with cost share

Two pages per
PI/Co-PI

Clear Page
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ATTACHMENT F - COVER SHEET
Proposal Submitted to:

UCFER Operations Management Team
Via www.energy.psu.edu/ucfer
EMS Energy Institute
The Pennsylvania State University
C-211 Coal Utilization Laboratory
University Park, PA 16802-2323
Date of Submission: ____________________
Title of Proposal:

____________________________________________________________

from dropdown
Area of Interest (See Attachment A):Pick
________________________________________________

Subtopic Area, if any (See Attachment A): Pick
__________________________________________
from dropdown
TRL at start (See Attachment D): __________________ TRL at end: ______________________
Total Project Costs (TPC):
Requested UCFER Funding:

$ ___________________
$ and (% of TPC) ___________________

Cost Share Commitments:

Cash
In-Kind

Project Duration (total months)

____________

$ and (% of TPC)_____________________
$ and (% of TPC)_____________________

Institution Name: ______________________________________________________________
Principal Investigator: ____________________________________________________________
Phone: ______________

Fax: _________________ Email: _________________

Address: ______________________________________________________________
Other Participants: ______________________________________________________________
Collaboration with NETL?

Yes

No

Collaboration with industry?

Yes

No

Does the proposed project work involve foreign national?

Yes

No

Can this proposal be reviewed by non-Coalition members?

Yes

No

PROPRIETARY INFORMATION: Does this proposal contain Proprietary or Confidential
Information?
NO
YES (if yes, complete box below)

Clear Page
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Notice of Restrictions on Disclosure and Use of Data
The data contained on pages ___________ of this proposal are submitted in confidence and contain
privileged or confidential commercial and/or financial information. Such data may be used or disclosed
only for evaluation purposes. If funded, the Government would have the right or use or disclose data from
this project to the extent provided the DOE/PSU Cooperative Agreement. This restriction does not limit
the Government’s right to use or disclose data obtained without restrictions from any source, including
the proposer.

Submitted by:

Approved by:

__________________________
Signature of PI

______________________________________
Name and Title of Authorized Representative
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ATTACHMENT G - BUDGET

Name of PI: _______________________________________

REQUESTED UCFER
Salaries and Wages
Identify all personnel in the proposal.
Include title and percent of effort
$ ____________
NOTE: The use of undergraduate and graduate students
is encouraged, when appropriate.
The basis for proposed percent of effort or labor hours
should be identified (historical hours, engineering estimates).

COST-SHARE
$ _____________

Fringe Benefits

$ ____________

$ _____________

Materials and Supplies
List types required and estimated costs.
NOTE: State whether amounts proposed are based
on catalog prices or other cost estimating.

$ ____________

$ _____________

Equipment
Items exceeding $5,000 and having a 2-year life are
defined as permanent equipment. List item and dollar
amount with justification and/or provide a quotation.

$ ____________

$ _____________

Travel (*See Note 4)
State the type and extent of travel and its relation to the
project.

$ ____________

$ _____________

Publication/Information Dissemination
Estimate costs of documenting, preparing, publishing
and sharing research findings.

$ ____________

$ _____________

____________________________

$ ____________

$ _____________

____________________________

$ ____________

$ _____________

____________________________

$ ____________

$ _____________

____________________________

$ ____________

$ _____________

____________________________

$ ____________

$ _____________

____________________________

$ ____________

$ _____________

$ ____________

$ _____________

0.00
$ ____________

0.00
$______________

Joint Collaboration with Other University
As a subcontractor/ collaborator.

Other Direct Costs
Itemize and justify.
(**See note below)

Facilities and Administration (F&A)
Specify current rate(s) and base.
Note: A copy of the negotiated agreement should
be included with the proposal. If none exists, a disclosure
of the contents of the rate should be made.
TOTALS

**Attach additional pages of justification as necessary.

Clear Page
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*NOTES:
1) Purchased Services, consulting or subcontracts proposed to non-coalition members shall not be more than 2.5% of
the UCFER requested funds.
2) Subcontracts included in your proposal (third party agreements) to current coalition members must not exceed 50%
of the total requested UCFER funding. Budgets and work statements from each proposed subcontractor must be
included with your proposal.
3) Fees or profits will not be paid on any award resulting from this solicitation. Nor can fee or profit be considered as
cost-sharing.
4) The UCFER is planning to host an Annual Technical Review meeting including a technology transfer workshop in
August 2017. Annual Technical Review meetings are planned for each August thereafter. Recipients of UCFER
funding will be required to provide a presentation on the status of their project at the Annual Technical Review
meetings. The costs for attending the UCFER annual meeting(s) are to be included in the travel budget.
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ATTACHMENT H – PROPOSAL EVALUATION CRITERIA
UCFER PROPOSAL RATING DESCRIPTION
(To be used on the following tabulation worksheet,
which will be online for reviewers)
Proposal Title:
1. NETL Collaboration – Proposal demonstrates clearly the level of collaboration anticipated with
NETL
1. Not adequate
2. Somewhat adequate
3. Adequate
4. Very adequate
5. Exceptionally adequate
2. Meeting UCFER Objectives – The goals or objectives of the proposed project with respect to
consistency with UCFER goals are:
1. Not adequate
2. Somewhat adequate
3. Adequate
4. Very adequate
5. Exceptionally adequate
3. Idea and Approach – The scientific and/or technical merits and originality of the proposed idea
or concept and approach to specifically address the problem relevant to an Area of Interest
(and Subtopic Area, if any) are likely be:
1. Extremely small
2. Small
3. Significant
4. Very significant
5. Extremely significant
4. Project Achievability – With the approach suggested and time and budget available, the
objectives of the proposed research are:
1. Not achievable
2. Possibly achievable
3. Likely achievable
4. Most likely achievable
5. Definitely achievable
5. Research Impacts – The impact of the proposed research, if successful, on the fossil energy
science and technology development will be:
1. Very low
2. Low
3. Average
4. High
5. Very high
6. Qualification of Key Personnel – principal investigator’s and senior investigator’s experiences
and accomplishments related to the proposed research is:
1. Very limited
2. Limited
3. Adequate
4. Good
5. Exceptional

58

7. Project Management – The project management plan, including a well-defined milestone chart
and schedule is:
1. Very inadequate
2. Inadequate
3. Adequate
4. Very good
5. Exceptionally good
8. Project Budget – The proposed budget value relative to the outlined work is of:
1. Very low value
2. Low value
3. Average value
4. High value
5. Very high value
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UCFER Proposal Score Tabulation
Project Name/PI
Relative Weighting x Evaluator Rating = Project Score
Criteria

Relative
Weighting

Merit of Collaboration
with NETL

4

Meeting UCFER
Objectives

2

Idea and Approach

4

Project Achievability

2

Research Impacts

3

Qualification of Key
Personnel

3

Project Management

1

Project Budget

1

Rating (Out of 5)

Project
Score

Total (Maximum=100)
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Illustrative Example
Relative Weighting x Evaluator Rating = Project Score
Criteria

Relative
Weighting

Rating (Out of 5)

Project
Score

Merit of Collaboration
with NETL

4

3

12

Meeting UCFER
Objectives

2

3

6

Idea and Approach

4

3

12

Project Achievability

2

3

6

Research Impacts

3

3

9

Qualification of Key
Personnel

3

4

12

Project Management

1

4

4

Project Budget

1

3

3

Total (Maximum=100)
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