REQUEST FOR COMMENTS
In advance of issuing Funding Opportunity Announcement (FOA) No. DE-FOA-0000031 titled, “Enabling Technologies for High-Hydrogen Fueled Turbines [University Turbine Systems Research (UTSR) FY09],” interested parties are being offered this opportunity to provide comments relative to the following proposed topic areas.  

Comments on the proposed technical topic areas should be submitted via e-mail to Raelynn.Noga@netl.doe.gov.   It is requested that e-mails identify on the Subject line “COMMENTS ON TURBINE RESEARCH AREAS.” All comments are due no later than March 4, 2009.
The purpose of this posting is to ensure interested parties have an opportunity to comment on the anticipated research areas.  Any information contained in this posting is subject to change.

The research areas address issues for decarbonized (i.e. high hydrogen content or HHC) synthesis (syngas) gas produced from coal and used as a turbine fuel. The ranges of compositions that meet the HHC criteria are defined below.

The anticipated research areas addressed in the FOA will cover certain Department of Energy (DOE) Turbine Program topics in combustion, aerodynamics, heat transfer, and materials. Applications will be solicited that address technology needs of turbines operating with HHC fuels.  HHC fuels are a challenge due to their differing combustion and working fluid characteristics as compared with natural gas.  Also, HHC fuels may contain limited levels of impurities (e.g., up to 100 ppm sulfur, 0.1 to 2 ppm particulate) thought to be detrimental to components in the turbine flow path.  For the purposes of the FOA, it should be assumed that the gaseous fuels derived from coal have undergone a water-gas shift process to increase the hydrogen content and cleaned with a cold gas cleaning process.  Fundamental and basic research applications will be solicited to help define and address HHC fuels issues thought to impact the goal of designing robust turbines for HHC power plant environments.

PROPOSED TOPIC AREAS OF INTEREST

Topic Area 1: Assessment of Fundamental Combustion Mechanisms in High Hydrogen Content Fuels for Advanced Gas Turbines

Combustion modeling based on kinetic reactions provides a first principles approach to predicting combustion temperatures, NOx production, ignition delay, and other important combustor design criteria.  These kinetic models can provide engineers and scientists useful tools for the design and screening of combustor concepts. Recently (Ref 1), it has been shown that kinetic models used to predict ignition delay time for HHC fuels are producing results that are inconsistent with experimentally measured ignition delay times.  These inconsistencies between measured and predicted ignition delay times have occurred in both shock tube and flow reactor type facilities.  Assuming that the existing models are fundamentally accurate, these inconsistencies suggest that additional or unaccounted for reactions or mechanisms are taking place that may be altering the presumed experimental conditions.  These inconsistencies create problems in using kinetic models to predict the performance of HHC fuels in advanced combustor designs. 

To help resolve these inconsistencies, proposals are requested that provide a comprehensive assessment of kinetic combustion mechanisms under conditions representative of advanced gas turbines operating on HHC fuels. Recognizing that resolving this problem is complex and that multiple scientific/engineering skills and facilities may be required, the government desires a multidiscipline team to address this problem.  

Ref: 1) Lieuwen, T., McDonell, V., Petersen, E., Santavicca, D., Fuel Flexibility Influences on Premixed Combustor Blowout, Flashback, Autoignition, and Stability; Journal of Engineering for Gas Turbines and Power, January 2008, Vol. 130 / 011506-1

Topic Area 2: Aero/Heat Transfer

Current Integrated Gasification Combined Cycle (IGCC) turbines have been operated at reduced firing temperatures to maintain hot gas parts at temperatures when compared to the similar machine operated on natural gas. This temperature reduction limits plant energy efficiencies.  The technology progression from natural gas to coal-derived HHC fuels along with a desire to increase turbine inlet temperature and power output will tend to produce additional heat loads and aero/cooling requirements for hot section components.  Also, coal-derived HHC fuels containing ash impurities will have higher corrosion and deposition rates as a function of temperature. 

The low heating values typical of syngas/HHC fuels may result in higher (up to 14%) mass flows through the hot section of turbines as compared to the same model turbines operated with natural gas. These higher mass flows may increase (e.g., 20-25%) turbine output power as compared to natural gas, but this also tends to increase the heat transfer to the hot section rotating and stationary air foils.  Furthermore, if steam is used as a diluent to control NOx, rather then nitrogen or air, the higher heat transfer properties tend to increase the heat load to hot section components.   

Consequently, additional research is needed to define the aero/heat transfer environments under corrosion and deposition conditions, and advanced cooling techniques to accommodate higher heat loads under potential deposition/corrosion conditions in the hot section flow paths.  Proposed research can be on any specific topic addressing the broad need to define aero/heat transfer environments and address the higher heat loads associated with operating on HHC including, but not limited to, hot gas path design, film cooling and innovative cooling approaches, and gathering a scientific understanding of flow path environments using HHC fuels.  

Topic Area 3: Turbine Materials 

Although limited IGCC plant data on measured syngas impurities indicate lower levels of critical ash constituents (e.g., Na, K, Ca) when compared to turbine fuel specifications, greater materials degradation (corrosion, erosion, and deposition) has occurred.    In some cases, hot section coatings, and air foils have needed replacement during routine maintenance shutdowns at more frequent intervals than for natural gas fired turbines.  For example, analyses of first stage rotor air foils from IGCC turbine(s) have shown that, at some locations, surface reactions were radically different in nature and more severe than typically observed in turbines operating with conventional fuels. While these areas appeared to experience a combination of sulfidation and oxidation, it is worth noting that the mechanisms leading to this attack are uncertain because partial pressures of sulfur containing gases in the syngas combustion products do not appear to be as high as required to produce materials sulfidation.  Also, Thermal Barrier Coatings (TBC’s) in IGCC turbines have experienced deposition and spallation and sometimes needed replacement at more frequent intervals than for natural gas fired turbines. Analyses have indicated that iron oxides (e.g., Fe2O3) have been primary constituents of deposits on the TBC’s, which also penetrated into the TBC porosity. The presence of other ash elements (e.g., Si, Al, Ca, Mg, Na, K, and sulfate ions) has also been detected.  These deposits are different in composition than deposits consisting of calcium, magnesium, aluminum, and silicon that have caused past degradation of airborne turbine TBC’s.  Additionally the higher operating temperature anticipated for future IGCC turbines is expected to exacerbate the corrosion, erosion, and deposition problem. 

With so many significant technical challenges, materials research is sought that could contribute to a more detailed scientific understanding of the nature of degradation mechanisms, identify novel approaches to alleviate these degradations, and/or use these insights as a starting knowledge base for evaluations of materials for turbines using HHC fuels that could really push the envelope in terms of allowing high-temperature designs that would ultimately be required for achieving higher net plant efficiencies. In terms of this FOA, some of the example technical challenges are outlined below, although this list is not meant to be limiting from the standpoint of what would be considered responsive to this particular FOA topic:

-- Research to develop a more scientific understanding of the specific mechanisms of degradation process and critical design/operating factors (e.g., influencing the presence of syngas alkali impurities) in IGCC turbines flow-path environments that could account for the atypical sulfidation/oxidation type degradation of alloys, TBC’s, and environmental coatings experienced to-date.  Evaluation of materials and syngas impurity analyses, interactions with materials experts at turbine OEM companies, and additional analyses of IGCC turbine parts (if available) could be explored to understand the degradation processes. Based on this understanding, laboratory experiments could be designed to replicate critical aspects (e.g. critical impurities and mechanisms) of the materials degradation experienced to-date in order to test alternate environmental coatings and alloys in an effort to determine those most resistant to syngas turbine environments. 

-- Because water vapor and sulfur can potentially affect the nature and growth rate of protective oxide scales or sintering of the TBCs, research could explore the combined effects of impurities and water vapor at levels representative of the flow-path of higher temperature IGCC turbines (vicinity of 8.5%) and also higher water vapor levels (up to 25%) for future turbines operating with HHC fuels. Such research might help determine the likely bounds on combinations of water vapor, SOx, and surface temperatures to identify the acceptable operating ranges based on materials selection considerations with various turbine alloys, TBCs, and environmental coatings. 

-- Research could explore new architectures for thermal-barrier-coating/bond-coat (TBC/BC) materials, such as yttria stabilized zirconia, having a coefficient of thermal expansion close to that of nickel based super-alloys.  Proposed TBC/BC architectures must possess a combination of heat resistance, thermal insulation, and oxygen barrier qualities, hot-corrosion and erosion resistance, long fatigue life, resistance to adverse coating/substrate interaction, adhesion capacity, and high-temperature mechanical performance.  In order to define a novel TBC/BC architecture to solve this critical materials issue for the development of advanced gas turbines, approaches of interest could (1) involve a combined study of both metallic and ceramic components, (2) optimize thermal insulation without sacrificing strain tolerance or temperature capability, which would allow a higher surface temperature capability without compromising bond coat stability, and (3) ensure a reliable TBC/BC architecture with a 1300°C TBC surface temperature capability for a minimum of 8000 hours.  

DISCLAIMER: The “Notice of Intent to Issue” is for information only; this is not for public comment.

Notice of Intent to Issue 

Funding Opportunity Announcement No.: DE-FOA-0000031

The DOE National Energy Technology Laboratory (NETL) intends to issue this FOA on behalf of the DOE Office of Fossil Energy.  It is anticipated this FOA will be available in March 2009.  The FOA will solicit applications from colleges, universities, and institutions of higher learning which target the research areas previously identified.  

DOE envisions awarding multiple financial assistance awards in the form of cost-shared cooperative agreements. The number of applications selected for negotiations leading to award will depend on the quality of applications submitted and the availability of funds.   The FOA topics will not be prioritized, and some topic areas may not have any applications selected. The estimated period of performance for each award will be two to three years.  Non-federal cost share will be required for all recipients.  The specific amount of non-federal cost share will be identified in the FOA. 
The Turbine Program addresses key technologies needed to enable the development of advanced turbines and turbine-based systems that will operate cleanly and efficiently when fueled with coal-derived synthesis gas and hydrogen fuels.  Developing turbine technology to operate on coal-derived synthesis gas and hydrogen is critical to the development of advanced coal based power generation technologies such as IGCC and the deployment of IGCC power plants that capture and sequester carbon dioxide.   The Advanced Turbine Program is an investment in secure U.S. electric power production that is clean, efficient, affordable, fuel-flexible, and will make possible the continued use of coal, our Nation’s largest domestic fossil energy resource.
The overall goal (2015) of the Turbine Program within NETL is to provide high efficiency, near-zero emissions and lower cost turbines for coal-based stationary power systems.  More information about the Turbine Program can be found at: http://www.netl.doe.gov/technologies/coalpower/turbines  
The following, Submission and Registration Requirements, which will be included in the FOA, is being provided for your convenience.  Potential applicants are strongly encouraged to register at these sites provided to receive notification of announcements posted by NETL.  When the FOA is released, applications will only be received through Grants.gov (http://www.grants.gov).

SUBMISSION AND REGISTRATION REQUIREMENTS   

1.   Where to Submit  

APPLICATIONS MUST BE SUBMITTED THROUGH GRANTS.GOV TO BE CONSIDERED FOR AWARD.   Submit electronic applications through the “Apply for Grants” function at www.Grants.gov.  If you have problems completing the registration process or submitting your application, call Grants.gov at 1-800-518-4726 or send an email to support@grants.gov.  

2. Registration Process   
You must COMPLETE the one-time registration process (all steps) before you can submit your first application through Grants.gov (See www.grants.gov/GetStarted).  We recommend that you start this process at least three weeks before the application due date.  It may take 21 days or more to complete the entire process.  Use the Grants.gov Organizational Registration Checklists at http://www.grants.gov/assets/OrganizationRegCheck.pdf to guide you through the process.   IMPORTANT: During the CCR registration process, you will be asked to designate an E-Business Point of Contact (EBIZ POC).  The EBIZ POC must obtain a special password called “Marketing Partner identification Number” (MPIN).  When you have completed the process, you should call the Grants.gov Helpdesk at         1-800-518-4726 to verify that you have completed the final step (i.e., Grants.gov registration).

3.   Application Receipt Notices
After an application is submitted, the Authorized Organization Representative (AOR) will receive a series of five e-mails. It is extremely important that the AOR watch for and save each of the emails.  It may take up to two (2) business days from application submission to receipt of email Number 2.  When the AOR receives email Number 5, it is their responsibility to follow the instructions in the email to logon to IIPS and verify that their application was received by DOE. You will need the Submission Receipt Number (email Number 1) to track a submission. The titles of the five e-mails are:

Number 1 - Grants.gov Submission Receipt Number

Number 2 - Grants.gov Submission Validation Receipt for Application Number

Number 3 - Grants.gov Grantor Agency Retrieval Receipt for Application Number

Number 4 - Grants.gov Agency Tracking Number Assignment for Application Number

Number 5 - DOE e-Center Grant Application Received

The last email will contain instructions for the AOR to register with the DOE e-Center.  If the AOR is already registered with the DOE e-Center, the title of the last email changes to:

Number 5 - DOE e-Center Grant Application Received and Matched 

This email will contain the direct link to the application in IIPS.  The AOR will need to enter their DOE e-Center user id and password to access the application.

