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Attachment 2 

It was moved by and seconded by 
that the Industrial Commission accept the 

recommendation of the Lignite Research Council and fund the "Evaluation of 
Potential SCR Catalyst Blinding During a Coal Combustion" application as 
amended submitted by the Energy & Environmental Research Center with the 
conditions that the industry matching funding letters of commitment be obtained 
by September 1, 2000 and that the project include testing with North Dakota 
lignite and to authorize Karlene Fine, Executive Director of the Industrial 
Commission, to execute a contract for an amount not to exceed $200,000. 
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LIGNITE RESEARCH COUNCIL MEETING 
February 22, 2000 

IV. Grant Round XXXVI - A Application 

TECHNICAL ADVISOR'S RECOMMENDATION 
LRCXXXVI-A 

"Evaluation of Potential SCR Catalyst Blinding During Coal Combustion" 
Submitted by Energy & Environmental Research Center; 

Co-Project Managers -Steven A Benson, Ph.D.; Jay R. Gunderson; Chris J. Zygarlicke; 
Request for: $200,000; Total Project Cost: $733,333 

Time Frame: 24 months 

Description of the Project 

Attachment 2 

This overall objectives of this study are to determine the potential of lignite to cause blinding of 
.Selective .Catalytic Reduction (SCR) catalysis and to determine the degree of elemental mercury 
(Hg0

) conversion across the catalysis. The proposed study includes the following six key tasks: I) 
identify coals and coal blends, 2) conduct bench-scale screening tests, 3) design and construct 
SCR slipstream test chambers, 4) slipstream testing at commercial-scale facilities, 5) identify 
mechanisms, rates and cleaning methods, and 6) data interpretation, reporting and 
recommendations. 

The U.S. Environmental Protection Agency existing and proposed rules and recommendation 
may require the construction of SCR facilities at existing or new lignite fired facilities. However, 
data does not exist on the use of SCR with U.S. or North Dakota lignite. Utilities in Germany 
when operating with high sodium coals, brown coal and lignite have experienced severe SCR 
problems with catalysis deactivation, catalysis degradation, blinding and failure7

• 

Recommendation - Fund - with contingencies 

I recommend FUND with the following contingencies: 
1. Industry matching funding letters of commitment obtained by September 1, 2000. 
2. Program includes testing with North Dakota lignite. 

Prepared by Clifford R. Porter, Febrnary 11, 2000. 

Conflict of Interest 

Energy & Environmental Research Center 

7 Licata, Anthony, Hans-Ulrich Hartenstein, and Heinz Gutberlet. Ph.D., "Utility Experience with SCR in 
Germany" Sixteenth Annual International Pittsburgh Coal Conference, Pittsburgh, PA. Oct. 11-15, 1999 

21 15 Recommend Funding 

0 Do Not Fund 
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TECHNICAL REVIEWER RATING SUMMARY 
LRC-XXXVl-A: "Evaluation of Potential SCR Catalyst 

Blinding During Coal Combustion" 
Submitted by EERC 

Request for $200,000; Total Project Costs $733.333 

Technical Reviewer Average 
Rating Weighting il0.:_3 OM 00=2. Weighted 
Category Factor Rating Score 
Objective 9 4 4 3 33.0 
Availability 9 3 3 2 24.0 
Methodology 7 4 3 3 23.3 
Contribution 7 5 4 4 30.3 
Awareness 5 4 4 4 20.0 
Background 5 4 4 4 20.0 
Project Management 2 3 3 3 6.0 
Equipment Purchase 2 5 3 2 6.7 
Facilities 2 5 4 3 8.0 
Budget 2 4 5 3 8.0 

Average Weighted Score 200 182 156 179.3 

Maximum Weighted Score 250 

OVERALL RECOMME~DAIIO~ 
FUND x x 
FUNDING TO BE CONSIDERED x 
DO NOT FUND 
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TECHNICAL REVIEWERS' COMMENTS 
LRC-XXXVI-A 

"Evaluation of Potential Catalyst Blinding During Coal Conversion" 
Submitted by: Energy & Environmental Research Center; 

Principal Investigators: Donald Toman, Jay Gunderson, Donald McCollor, Ph.D.; 
Project Managers: Chris J. Zygarlicke, Stephen A. Benson, Ph.D.; 

Request for: $200,000 over two years; Total Project Cost: $733,333 

1. OBJECTIVES 

The objectives or goals of the proposed project with respect to clarity and consistency 
with Industrial Commission/Lignite Research Council goals are: I - very unclear; 2 -
unclear; 3 - clear; 4 - very clear; or 5 - exceptionally clear. 

Reviewer 00-01 (Rating: 4) 

This project will help determine if SCR is the Best Available Control Technology for NOx 
reduction in power plants that burn low rank coals. Some questions have arisen about the 
relative potential for SCR catalyst blinding in those power plants fueled with low rank coals 
that are rich in alkaline metals, sulfur and arsenic. A good understanding of the mechanisms 
that cause blinding or fouling of SCR catalyst surfaces is necessary to communicate potential 
risks or lack of risks to fuel users. 

A successful project should help preserve markets for North Dakota lignite and could avoid 
an unnecessary expense for the installation of SCR systems that could prove either ineffective 
or inexpensive to operate. The knowledge gained could also result in the development of 
more effective systems for these circumstances by vendors. 

Reviewer 00-02 (Rating: 3) 

The proposal is clear in its linkage to the goals of the NDIC/LRC. That is, the need to 
investigate the impacts (potential) oflow-rank coals on the performance of SCR systems in 
order that (1) low-rank coal production/usage is not negatively impacted by NOx 
regulations, and (2) the regional electric utilities do not invest in NOx control technologies 
(i.e., SCR) that does not meet performance specifications. 

Issues: The offeror is silent as to how many catalysts will be screened and, more importantly, 
the relationship between themselves and the unidentified German catalysts vendor who will 
participate in the project. Will there be proprietary data issue with the vendor? If it is 
shown that LRC do mask blind the catalyst, will this information be made public, that is, 
will it be shared with the lignite coal industry and utility industry? 
Reviewer 00-03 (Rating: 4) 
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The authors have a good understanding of the overall potential problem and impacts on the 
environment, plant operations and the economy. 

The emission limits proposed for lignite boilers by USEPA is more restrictive than the limits 
currently in place in Germany. 

2. ACHIEVABILITY 

With the approach suggested and time and budget available, the objectives are: 1 - not 
achievable; 2 - possibly achievable; 3 - likely achievable; 4 - most likely achievable; or 5 
- certainly achievable. 

Reviewer 00-01 (Rating: 3) 

The most important experimental parts of the project are the boiler field tests. It is important 
to be sure that the time-temperature history of the slip-stream of boiler effluent is the same as 
would be experienced in a full scale SCR installation. It is important that volatile species are 
not condensed out in the piping system between the boiler and test bed and that no atypical 
solid particulates are formed in the gas stream and carried through the catalyst surfaces. 

Simulating the proper time-temperature history in the lab apparatus and the field test and its 
importance is not discussed in the proposal. 

Reviewer 00-02 (Rating: 2) 

The project schedule and budget are very ambitious in terms of the work scope. The offeror 
proposes to select test coals (and catalysts?), screen coals/catalysts at the bench scale­
including evaluation of blinding/deactivation and the effect of catalyst on Hg oxidation, 
design and construct a slip-screen catalyst bed, install and test the bed on two host utilities, 
and evaluate results-all in a 24-month period. Of some concern is the budget required to 
do the work. The offeror may be underestimating the cost associated with the installation of 
the test bed on a slipstream of two utilities. There is a significant effort (i.e., costs) involved 
in the ducting, piping, instrumenting, wiring, safety and health, etc. associated with 
installing the test bed on an operating, full-scale commercial power plant. And to do this on 
one plant, and then remove the bed and do it on another compounds the cost, time, and 
complexity of the task. It is not clear that the proposed budget of $733,333 (including 
$200,000 from the NDIC) is sufficient to complete the proposed effort. 
Reviewer 00-03 (Rating: 3) 

Insufficient data on budgets for complete evaluation 

3. METHODOLOGY 
The quality of the methodology displayed in the proposal is: 1 - well below average; 2 
- below average; 3 - average; 4 - above average; or 5 - well above average. 
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Reviewer 00-01 (Rating: 3) 

The approach suggested to investigate the problem seems appropriate. Adequate laboratory 
sample testing is proposed to help define which utility boilers would be most appropriate. 
Assessment by the vendor of decline in catalyst activity may or may not produce a 
meaningful result because of the relatively short duration, 1 to 4 months, of the two field 
tests. 

Reviewer 00-02 (Rating: 3) 

The offerer has put together a fairly solid proposal. However, there are some details lacking 
that result in a questioning of the overall value of the project. For example, as noted under 
#1 above, it is not clear what the relationship between EERC and the "German" vendor will 
be in terms of the availability of the catalyst data. On page 6 (Task 5), EERC states that it 
will send the catalyst from the field testing to a laboratory, possibly in Germany. The 
concern here is one of perception. If the company supplying the catalysts runs the 
laboratory, and it turns out that the catalyst is negatively impacted by LRCs, will the vendor 
make the data publicly available for fear of its implication on the company's competitiveness? 
If it is made publicly available, will there be a perception that the data is somehow skewed 
because the vendor supplier did the analyses-sort of like the fox guarding the hen house? 

It is also unclear as to how many catalysts will be evaluated--One, two, or half a dozen? Will 
they be supplied by the same vendor? What criterion will be used to screen the catalysts so a 
decision can be made as to which will be evaluated in the field? 

Reviewer 00-03 (Rating: 4) 

There is limited published data available. Most data to date is unpublished. It appears that 
the authors did a good job in obtaining unpublished data. 

4. CONTRIBUTION 

The scientific and/or technical contribution of the proposed work to specifically 
address Industrial Commission/LRC goals will likely be: 1 - extremely small; 2 -
small; 3 - significant; 4 - very significant; or 5 - extremely significant 

Reviewer 00-01 (Rating: 4) 

If the project is successful, the information on SCR catalyst blinding and mercury 
conversion in SCR systems for North Dakota lignite fired boiler effluents will provide 
unique information about potential issues involved in the use of North Dakota lignite. 
This will help maintain markets for the fuel. 

Reviewer 00-02 (Rating: 4) 
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The concern about the impact of LRC on SCR catalyst is a real issue. There is no significant 
track record in this country for SCR technology on utility coal-fired boilers, particularly 
those burning low-rank coals, PRB coals. This should be a real concern for both the 
producers and consumers of LR Cs. Of particular concern would be a utility that will invest 
in SCR to deal with NOx, and who may be currently burning LRC or may be planning to 
switch to LRCs. The proposed work would also be of value in regulatory debates at the 
local, State, and Federal level as to the availability of technology to control NOx to levels 
currently mandated. The proposed work will also look at the effect of catalyst on the 
oxidation of elemental mercury. This is an important research topic, in that EPA is looking 
at various regulatory options to address mercury emissions, and one of those is co-pollutant 
control. The benefit of HgO oxidation across a SCR catalyst bed would be of particular 
interest to those utilities that already employ wet scrubbers. All of these benefits would be 
accrued to electric utilities and their customers in the North Dakota region, as well as LRC 
producers. 

Reviewer 00-03 (Rating: 5) 

It is cost beneficial to have the mercury research done at the same time. However, the 
authors must not lose focus on the main goal of finding if there are SCR deactivation factors 
associated with lignite combustion. The main focus should not be mercury. The mercury 
work is important in regards to future EPA regulations. There is very limited data available 
on the impact that SCRs have on mercury emissions. 

5. AWARENESS 

The principal investigator's awareness of current research activity and published 
literature as evidenced by literature referenced and its interpretation and by the 
reference to unpublished research related to the proposal is: I - very limited; 2 -
limited; 3 - adequate; 4 - better than average; or 5 - exceptional. 

Reviewer 00-0 I (Rating: 4) 

The investigators understand the problem and are knowledgeable about recent experiences 
with SCR systems in overseas locations. 

Reviewer 00-02 (Rating: 4) 

The EERC project team appears to be very aware of ongoing research and published 
literature based on the background portion of the proposal. They are correct in identifying 
the blinding/de-activation of catalyst as a potential problem associated with the use of SCR 
on units that fire LRCs. 

Reviewer 00-03 (Rating: 4) 

(Reviewer provided no comments.) 
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6. BACKGROUND 

The background of the investigator(s) as related to the proposed work is: I - very 
limited; 2 - limited; 3 - adequate; 4 - better than average; or 5 - exceptional. 

Reviewer 00-0 I (Rating: 4) 

The team that is proposed for the project is very well qualified. They have experience with 
investigating combustion of low rank fuels and studies of mercury reaction pathways and 
analytical nuances in dealing with mercury. 

Reviewer 00-02 (Rating: 4) 

The proposed team possesses excellent credentials relative to the work to be performed. 
However, it is not apparent that this expertise transcends the research and development of 
catalyst-based NOx control. That is, it is clear that the team has had direct hands-on work 
on the development, formulation, manufacture, and/ or application of the types of catalysts 
used in today's SCR systems. Although this is not a showstopper, it is an issue in terms of 
being able to interpret the results from the German vendor that will analyze the catalysts. 

Reviewer 00-03 (Rating: 4) 

(Reviewer provided no comments.) 

7. PROJECT MANAGEMENT 

The project management plan, including a well-defined milestone chart, schedule, 
financial plan, and plan for communications among the investigators and 
subcontractors, if any is: I - very inadequate; 2 - inadequate; 3 - adequate; 4 very good; 
or 5 - exceptionally good. 

Reviewer 00-0 I (Rating: 3) 

The general management plan appears adequate. There was no milestone chart in the 
proposal. The involvement of the co-sponsors in the project will result in appropriate 
communication between the investigators, power plant operators and the catalyst vendor 
that will analyze the used SCR system. 

Reviewer 00-02 (Rating: 3) 

The offeror has not provided a milestone schedule for the project, although the total 
duration of the project and individual tasks is presented. EERC also identifies the total cost 
and anticipated cost sharing requirements of the project. The question again arises about the 
relationship between EERC and the unknown German vendor that is identified as providing 
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$20,000/year to the project. The issue is whether or not there will be a limitation placed on 
the availability of the data that comes from testing the vendor's catalyst. This needs to be 
addressed by EERC. 

Reviewer 00-03 (Rating: 3) 

Insufficient data in proposal. 

8. EQUIPMENT PURCHASE 

The proposed purchase of equipment is: 1 - extremely poorly justified; 2 - poorly 
justified; 3 - justified; 4 - well justified; or 5 - extremely well justified. (Circle 5 if no 
equipment is to be purchased.) 

Reviewer 00-01 (Rating: 3) 

It is difficult to determine, from the proposal, the cost two slipstream units will cost to 
fabricate and install at the power plants. A total of $21,500 is identified for equipment 
purchases out of a total of $733,333. The balance of the funding is to pay for the man-hour 
related activities, some of which may be associated with fabrication of the slipstream units. If 
in fact, the two units can be fabricated for a total of $21,500; that appears to be a bargain. 
However, the information presented does not justify the equipment cost very well. 

Reviewer 00-02 (Rating: 2) 

The offeror does not provide adequate information on equipment requirements to evaluate 
the rational/justification of its purchase. EERC does state that it will design and build the 
catalyst test bed that will be tested in the field, but there are no details as to the materials 
required to do so. 

It may be assumed that all of the necessary equipment is already in the possession of EERC, 
but this is only an assumption. The offeror talks about using an on-line mercury analyzer, 
but it is not clear whether this piece of instrumentation already exists or would need to be 
purchased. 

Reviewer 00-03 (Rating: 5) 

(Reviewer provided no comments.) 

9. FACILITIES 

The facilities and equipment available and to be purchased for the proposed research 
are: 1 - very inadequate; 2 - inadequate; 3 - adequate; 4 - notably good; or 5 -
exceptionally good. 
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Reviewer 00-01 (Rating: 4) 

The equipment available to do the analytical and bench scale work is world-class. 

Reviewer 00-02 (Rating: 3) 

See comment #8. In terms of mercury measurements, EERC certainly has in its possession 
such equipment. However, with as many mercury projects that EERC is involved in, will 
they need to purchase a separate analyzer, or sampling train, for the proposed project? What 
about SCR catalysts? How many different catalysts will be tested? Who will supply the 
catalyst? What will they cost? 

Reviewer 00-03 (Rating: 5) 

(Reviewer provided no comments.) 

10. BUDGET 

The proposed budget "value" 8 relative to the outlined work and the financial 
commitment from other sources 9 is of: I - very low value; 2 - low value; 3 - average 
value; 4 - high value; or 5 very high value. 

Reviewer 00-01 (Rating: 5) 

The proposed cost sharing of $543,333 relative to the request from NDIC for $200,000 
represents excellent value to NDIC. Industrial contributions to and participation in the 
project demonstrates that the project is needed and the results will be used. 

Reviewer 00-02 (Rating: 3) 

fu mentioned above, there is significant value associated with the project from two 
standpoints: (1) the potential impacts of LRCs on SCR catalyst performance and (2) the 
impact of SCR catalyst on the speciation of mercury. Information on both of these areas will 
be of benefit the coal and electric-utility industry, as well as the regulated community, the 
regulators (e.g., EPA), and those developing technology. However, as also noted above, 
there are some uncertainties associated with the project that would need to be addressed 

8 "Value" - The value of the projected work and technical outcome for the budgeted amount of the project, 
based on your estimate of what the work might cost in research settings with which you are familiar. 
9 Financial commitment from other sources - A minimum of 50% of the total project must come from other 
than Industrial Commission sources to meet the program guidelines. Support greater than 50% from 
Industrial Commission sources should be evaluated as favorable to the application. 
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before investing research dollars in the effort: ( 1) Can the offeror really pull off the 
ambitious work scope from both a schedule and cost perspective? Have they given adequate 
thought to the level of effort required to field test at two different operating utilities? EERC 
has experience in this area, so perhaps they have, but it deserves a second look, and (2) 
EERC needs to clarify the relationship they will have with the catalyst vendor(s) in terms of 
how available the information from the project will be. Issues of conflict of interest (having 
a vendor evaluate the catalyst) and the propriety of data/results collected needs to be 
revisited. 

Reviewer 00-03 (Rating: 4) 

(Reviewer provided no comments.) 

OVERALL COMMENTS AND RECOMMENDATION: 

Please comment in a general way about the merits and flaws of the proposed project 
and make a recommendation whether or not to fund. 

Reviewer 00-01 (Recommendation: FUND) 

The project should be funded. 

The results are needed to clarify the potential for SCR catalyst blinding to occur when the 
boiler is fueled with low rank coals. The information obtained about mercury reactions will 
be new and add to the store of information on the subject. 

The challenge of the project is to obtain representative time-temperature histories for the flue 
gas flowing to the test rigs so that the materials interacting with the catalyst surface are in fact 
representative of actual SCR system operations. 

Reviewer 00-02 (Recommendation: FUNDING MAY BE CONSIDERED) 

Need to identify the number of catalysts that will be evaluated, and the catalyst vendor. 

Need to better describe how the effect of catalyst blinding/deactivation will be factored into 
the evaluation of the catalyst ability to convert HgO to Hg++ 

Will any HgO spiking be done during the bench and/or field testing in. the event the natural 
Hg 
speciation does not favor elemental Hg? 

Page 4 - Why does EERC propose to use the EPA M29 speciation method during the bench 
scale tests, while proposing to use Ontario-Hydro during field studies? 
Page 4 - EERC proposes to use an online Hg analyzer. Whose instrument is this? Is this a 
homegrown instrument? 

A third party should be used to evaluate the catalyst. This will preclude concerns that the 
results might be biased if the cJ.talyst vendor is doing the J.nalysis. 
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Reviewer 00-03 {Recommendation: FUND) 

Since there is no SCR experience in Europe with lignite coals, this study will be the only 
known published information available to regulators, plant owners and catalyst vendors. 
This work needs to be done as soon as possible so that interested parties will have actual data 
rather than opinions to act upon. 
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TECHNICAL REVIEWER RATING SUMMARY 
-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LRC-XXXVl-8: "Lignite Fuel Enhancement: 
Incremental Moisture Reduction - Phase I" 

Submitted by The Falkirk Mine 
Request for $175,000; Total Project Costs $237,614 

Technical Reviewer Average 
Rating Weighting 00-4 00-5 00-6 Weighted 
Cate go~ Factor Rating Score 
Objective 9 2 3 2 21.0 
Availability 9 3 4 1 24.0 

-~-~!~~~~~------------------------ 7 2 2 1 11 .7 
------------------------------------ ----------------·-----·--- ------------------------ ------- ----------------- ------·--------------------

Contribution 7 1 3 2 14.0 
Awareness 5 2 3 2 11.7 

-~~~-~~~~~~---------- - ------------- - -- 5 3 3 3 15.0 
-- -- ----- ------------------------- -- -- ---------------------- ------------------------ ----- ------------------- ------------------------ --

Project Management 2 3 4 3 6.7 
Equipment Purchase 2 3 4 3 6.7 
Facilities 2 2 5 3 6.7 
Budget 2 1 4 2 4.7 

Average Weighted Score 109 162 95 122.0 

Maximum Weighted Score 250 

OVERALL RECOMMENDATION 
------- --------- ------ ----- ------------------- -------------------- -- -- ------------------ ---- ----

FUND x 
FUNDING TO BE CONSIDERED x 
DO NOT FUND x 
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TO: John Dwyer 
Tony Rude 
Rich Foss 

MEMORANDUM 

FROM: Clifford R. Porter 

SUBJECT: Proposed Composition of the Lignite Vision 21 Project - Phase II 
Advisory Committee 

The proposed membership in the Lignite Vision 21 Project - Phase II Advisory 
Committee is: 

Schwindt, Francis (Fritz) 
PO Box 5520 
Bismarck, ND 58506-5520 
Bus: (701) 328-5150 
E-mail: fschwind@state.nd.us 

Schurts, Steve 
PO Box 800 
Elk River, MN 55330-0800 
Bus: (612) 241-2300 
E-mail: sshurts@GREnergy.com 

Kvernen, Luther 
PO Box 13200 
Grand Forks, ND 58208-3200 
Bus: (701) 795-4000 
E-mail: lkvemen@minnkota.com 

Browers, Bruce 
Manager, Generation Development 
Minnesota Power Electric 
30 West Superior Street 
Duluth, MN55802 
E-mail: bbrowers@mnpower.com 

Hildestad, Terry 
1915 N. Kavaney Drive 
Bismarck, ND 58501 
Bus: (701) 223-1771 
E-mail: hildestt@kniferiver.com 

Miller, Jim K. 
Basin Electric Power Cooperative 
1 71 7 E. Interstate A venue 
Bismarck, ND 58501 
Bus: (701) 223-0441 
E-mail: jkmiller@bepc.com 

TBA 
Northern States Power 
Tony Schuster 
Rick Gonzales 

Responsibilities: 
Clifford - Francis Schwindt 
Tony- Steve Schurtz 
John - Luther K vemen 
Clifford - Bruce Browers 
John Terry Hildestad 
John/Clifford - Jim K. Miller 
John/Tony - NSP 
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TECHNICAL REVIEWER RATING SUMMARY 
LRC-XXXVl-A: "Evaluation of Potential SCR Catalyst 

Blinding During Coal Combustion" 
Submitted by EERC 

Request for $200,000; Total Project Costs $733.333 

Rating 
Category 
Objective 
Availability 
Methodology 
Contribution 
Awareness 
Background 
Project Management 
Equipment Purchase 
Facilities 
Budget 

Average Weighted Score 

Weighting 
Factor 

9 
9 
7 
7 
5 
5 
2 
2 
2 
2 

Maximum Weighted Score 

OVERALL RECOMMENDATION 
FUND 
FUNDING TO BE CONSIDERED 
DO NOT FUND 

LRC Tech Review XXXVIXXXVI - A 

Technical Reviewer 
~ ~ 

Rating 
4 4 
3 3 
4 3 
5 4 
4 4 
4 4 
3 3 
5 3 
5 4 
4 5 

200 182 0 

x x x 

Average 
Weighted 

Score 
24.0 
18.0 
16.3 
21.0 
13.3 
13.3 
4.0 
5.3 
6.0 
6.0 

127.3 

250 

2/2/009:50 AM 



LONG APPLICATION RATING FORM 

Reviewer's Identification Number: 00-1 (no name please) 

Date: January 26, 2000 

Principal lnvestigator(s): Chris J. Zygarlicke; Stephen A. Benson, Ph.D. 

Proposal Number: LRC-XXXVI-A 

Application Title: "Evaluation of Potential SCR Catalyst Blinding During Coal Combustion" 

Section A. Summary of Ratings: 

Please complete the questions below, then fill in this summary. 

Statement Circled Weighting 
Number Factor Subrating 

1. Objectives 4 x 9 36 --- --
2. Achievability 3 x 9 27 -----
3. Methodology 3 x __ 7 __ 21 --
4. Contribution 4 x __ 7_ 28 --
5. Awareness 4 x 5 20 -
6. Background 4 x 5 20 - -
7. Project Management 3 x _2 ___ 6 --- ---
8. Equipment Purchase 3 x _2_ 6 --- ---
9. Facilities 4 x 2 8 --- ---
10. Budget 5 x 2 10 --- -- --

Total: 50 182 --
250 points possible 

Note: While points are necessary to establish an overall rating, comments on the various criteria are 
critical to truly understanding the value of a proposed project. Please elaborate in the comment sections to 
the maximum extent possible. 

Overall Recommendation: x Fund 

Funding May Be Considered 

Do Not Fund · 



Section B. Ratings and Comments: 

Please circle your response to each statement and transfer the number circled to the column entitled 
"Circled Number" on the first page of this form. Also, please comment on each criteria. 

1. The objectives or goals of the proposed project with respect to clarity and consistency with North 
Dakota Industrial Commission/Lignite Research Council goals are: 1 - very unclear; 2 - unclear; 
3 - clear; (4 - very clear); or 5 - exceptionally clear. 

Please comment: 

This project will help to determine ifSCR is Best Available Control Technology for NOx 
reduction in power plants that bum low rank coals. Some questions have arisen about the relative 
potential for SCR catalyst blinding in those power plants fueled with low rank coals that are rich 
in alkaline metals, sulfur and arsenic. A good understanding of the mechanisms that cause 
blinding or fouling of SCR catalyst surfaces is necessary to communicate potential risks or lack of 
risks to fuel users. 

A successful project should help preserve markets for North Dakota lignite and could avoid an 
unnecessary expense for the installation of SCR systems that could prove either ineffective or 
expensive to operate. The knowledge gained could also result in the development of more 
effective systems for these circumstances by vendors. 

2. With the approach suggested and time and budget available, the objectives are: 1- not 
achievable; 2 - possibly achievable; (3-likely achievable); 4 - most likely achievable; or 5 -
certainly achievable. 

Please comment: 

The most important experimental part of the project are the boiler field tests. It is important to be 
sure that the time-temperature history of the slip-stream of boiler effiuent is the same as would be 
experienced in a full scale SCR installation. It is important that volatile species are not condensed 
out in the piping system between the boiler and test bed and that no atypical solid particulates are 
formed in the gas stream and carried through the catalyst surfaces. 

Simulating the proper time-temperature history in the lab apparatus and the field test and its 
importance is not discussed in the proposal. 



3. The quality of the methodology displayed in the proposal is: 1 - well below average; 2 - below 
average; (3 - average); 4 - above average; or 5 -well above average. 

Please comment: 

The approach suggested to investigate the problem seems appropriate. Adequate laboratory 
sample testing is proposed to help define which utility boilers would be most appropriate. 
Assessment by the vendor of decline in catalyst activity may or may not produce a meaningful 
result because of the relatively short duration, 1 to 4 months, of the two field tests. 

4. The scientific and/or technical contribution of the proposed work to specifically address North 
Dakota Industrial Commission/Lignite Research Council goals will likely be 1 - extremely small; 
2 - small; 3 - significant; ( 4 - very significant); or 5 - extremely significant. 

Please comment: 

If the project is successful, the information on SCR catalyst blinding and mercury conversion in SCR 
systems for North Dakota lignite fired boiler effluents will provide unique information about potential 
issues involved in the use of north Dakota lignite. This will help maintain markets for the fuel. 



5. The principal investigator's awareness of current research activity and published literature as 
evidenced by literature referenced and its interpretation and by the reference to unpublished 
research related to the proposal is: 1 - very limited; 2 - limited; 3 - adequate; ( 4 - better than 
average); or 5 - exceptional. 

Please comment: 

The investigators understand the problem are knowledgeable about recent experiences with SCR 
systems in overseas locations 

6. The background of the investigator(s) as related to the proposed work is: 1 -very limited; 2 - limited; 
3 - adequate; ( 4 - better than average); or 5 - exceptional. 

Please comment: 

The team that is proposed for the project is very well qualified. They have experience with 
investigating combustion of low rank fuels and studies of mercury reaction pathways and 
analytical nuances in dealing with mercury. 
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7. The project management plan, including a well-defined milestone chart, schedule, financial plan, and 
plan for communications among the investigators and subcontractors, if any, is: 1 - very inadequate; 
2 - inadequate; (3 - adequate); 4 - very good; or 5 - exceptionally good. 

Please comment: 

The general management plan appears adequate. There was no milestone chart in the proposal. 
The involvement of the co-sponsors in the project will result in appropriate communication 
between the investigators, power plant operators and the catalyst vendor that will analyze the used 
SCR system. 

8. The proposed purchase of equipment is: 1 - extremely poorly justified; 2 - poorly justified; 
(3- justified); 4 -well justified; or 5 - extremely well justified. (Circle 5 if no equipment is to be 
purchased.) 

Please comment: 

It is difficult to determine, from the proposal, the cost two slip stream test units will cost to 
fabricate and install at the power plants. A total of $21,500 is identified for equipment purchases 
out of a total of$733,333. The balance of the funding is to pay for the man-hour related activities, 
some of which may be associated with fabrication of the slip stream units. If in fact, the two units 
can be fabricated for a total of $21,500, that appears to be a bargain. However, the information 
presented does not justify the equipment cost very well. 



9. The facilities and equipment available and to be purchased for the proposed research are: 1 - very 
inadequate; 2 - inadequate; 3 - adequate; ( 4 - notably good); or 5 - exceptionally good. 

Please comment: 

The equipment available to do the analytical and bench scale work is world-class. 

10. The proposed budget "value"1 relative to the outlined work and the financial commitment from other 
sources is of: 1 -very low value; 2 - low value; 3 - average value; 4 - high value; or (5 -very high) 
value. (See below) 

Please comment: 

The proposed cost sharing of $543,333 relative to the request from NDIC for $200,000 represents 
excellent value to NDIC. Industrial contributions to and participation in the project demonstrate that 
the project is needed and the results will be used. 

1 "Value" - The value of the projected work and technical outcome for the budgeted amount of the project, based on 
your estimate of what the work might cost in research settings with which you are familiar. 

Financial commitment from other sources - A minimum of 50% of the total project must come from other than 
Industrial Commission sources to meet the program guidelines. Support greater than 50% from Industrial 
Commission sources should be evaluated as favorable to the application. 



C. Overall Comments and Recommendations: 

Please comment in a general way about the merits and flaws of the proposed project and make a 
recommendation whether or not to fund. 

General comments: 
The project should be funded. 

The results are needed to clarify the potential for SCR catalyst blinding to occur when the boiler is 
fueled with low rank coals. The information obtained about mercury reactions will be new and add to 
the store of information on the subject. 

The challenge of the project is to obtain representative time-temperature histories for the flue gas 
flowing to the test rigs so that the materials interacting with the catalyst surface are in fact 
representative of actual SCR system operations. 
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LONG APPLICATION RATING FORM 

Reviewer's Identification Number: 00-2 (no name please) 

Date: February 1, 2000 

Principal Investigator(s): Chris J. Zygarlicke; Stephen A. Benson, Ph.D. 

Proposal Number: LRC-XXXVI-A 

Application Title: "Evaluation of Potential SCR Catalyst Blinding During Coal Combustion" 

Section A. Summary of Ratings: 

Please complete the questions below, then fill in this summary. 

Statement Circled Weighting 
Number Factor Subrating 

1. Objectives 3 x 9 27 -- -
2. Achievability 2 x _2_ 18 -- -- -
3. Methodology 3 x _1_ 21 --- -- -
4. Contribution 4 x _1_ 28 --- -- -
5. Awareness 4 x -~- 20 ---- -
6. Background 4 x -~- 20 ---- -
7. Project Management 3 x _2--_ 6 --- ----
8. Equipment Purchase 2 x _2_ 4 --- ---
9. Facilities 3 x _2_ 6 --- ----
10. Budget 3 x __ 2_ 6 --- ----

Total: 50 156 
250 points possible 

Note: While points are necessary to establish an overall rating, comments on the various criteria are 
critical to truly understanding the value of a proposed project. Please elaborate in the comment sections 
to the maximum extent possible. 

Overall Recommendation: Fund 

x --- Funding May Be Considered 

Do Not Fund 



Section B. Ratings and Comments: 

Please circle your response to each statement and transfer the number circled to the column entitled 
"Circled Number" on the first page of this form. Also, please comment on each criterion. 

1. The objectives or goals of the proposed project with respect to clarity and consistency with North 
Dakota Industrial Commission/Lignite Research Council goals are: 1 - very unclear; 2 - unclear; 
3 - clear; 4 - very clear; or 5 - exceptionally clear. 

Please comment: The proposal is clear in its linkage to the goals of the NDIC/LRC. That is, the 
need to investigate the impacts (potential) of low-rank coals on the performance of SCR systems 
in order that (1) low-rank coal production/usage is not negatively impacted by NOx regulations, 
and (2) the regional electric utilities do not invest in NOx control technologies (i.e., SCR) that 
does not meet performance specifications. 

Issues: 
• The offeror is silent as to how many catalysts will be screened and, more importantly, the 

relationship between themselves and the unidentified German catalysts vendor who will 
participate in the project. Will there be proprietary data issue with the vendor? If it is shown 
that LRC do maskblind the catalyst, will this information be made public, that is, will it be 
shared with the lignite coal industry and utility industry? 

2. With the approach suggested and time and budget available, the objectives are: 1 - not 
achievable; 2 - possibly achievable; 3 - likely achievable; 4 - most likely achievable; or 5 -
certainly achievable. 

Please comment: The project schedule and budget are very ambitious in terms of the work scope. 
The offeror proposes to select test coals (and catalysts?), screen coals/catalysts at the bench scale 
- including evaluation of blinding/deactivation and the effect of catalyst on Hg oxidation, design 
and construct a slip-screen catalyst bed, install and test the bed on two host utilities, and evaluate 
results - all in a 24 month period. Of some concern is the budget required to do the work. The 
offeror may be underestimating the cost associated with the installation of the test bed on a slip­
stream of two utilities. There is a significant effort (i.e., costs) involved in the ducting, piping, 
instrumenting, wiring, safety & health, etc. associated with installing the test bed on an operating, 
full-scale commercial power plant. And to do this on one plant, and then remove the bed and do 
it on another compounds the cost, time, and complexity of the task. It is not clear that the 
proposed budget of $733,333 (including $200,000 from the NDIC) is sufficient to complete the 
proposed effort. 

3. The quality of the methodology displayed in the proposal is: 1 - well below average; 2 - below 
average; 3 - average; 4 - above average; or 5 - well above average. 

Please comment: The offeror has put together a fairly solid proposal. However, there are some 
details lacking that result in a questioning of the overall value of the project. For example, as 
noted under # 1 above, it is not clear what the relationship between EERC and the "German" 
vendor will be in terms of the availability of the catalyst data. On page 6 (Task 5), EERC states 
that it will send the catalyst from the field testing to a laboratory, possibly in Germany. The 
concern here is one of perception. If the company supplying the catalysts runs the laboratory, and 
it turns out that the catalyst is negatively impacted by LRCs, will the vendor make the data 
publicly available for fear of its implication on the company's competitiveness. If it is made 
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publicly available, will there be a perception that the data is somehow skewed because the vendor 
supplier did the analyses. Sort of like the fox guarding the hen house. 

It is also unclear as to how many catalysts will be evaluated? One, two, and half dozen? Will 
they be supplied by the same vendor? What criterion will be used to screen the catalysts so a 
decision can be made as to which will be evaluated in the field? 

4. The scientific and/or technical contribution of the proposed work to specifically address North 
Dakota Industrial Commission/Lignite Research Council goals will likely be 1 - extremely 
small; 2 - small; 3 - significant; 4 - very significant; or 5 - extremely significant. 

Please comment: The concern about the impact of LRC on SCR catalyst is a real issue. There is 
no significant track record in this country for SCR technology on utility coal-fired boilers, particularly 
those burning low-rank coals, PRB coals. This should be a real concern for both the producers and 
consumers of LR Cs. Of particular concern would be a utility that will invest in SCR to deal with NOx, 
and who may be currently burning LRC or may be planning to switch to LRCs. The proposed work 
would also be of value in regulatory debates at the local, State, and Federal level as to the availability of 
technology to control NOx to levels currently mandated. The proposed work will also look at the effect 
of catalyst on the oxidation of elemental mercury. This is an important research topic, in that EPA is 
looking at various regulatory options to address mercury emissions, and one of those is co-pollutant 
control. The benefit of HgO oxidation across a SCR catalyst bed would be a particular interest to those 
utilities that already employ wet scrubbers. All of these benefits would be accrued to electric utilities and 
their customers in the North Dakota region, as well as LRC producers. 

5. The principal investigator's awareness of current research activity and published literature as 
evidenced by literature referenced and its interpretation and by the reference to unpublished 
research related to the proposal is: 1 - very limited; 2 - limited; 3 - adequate; 4 - better than 
average; or 5 - exceptional. 

Please comment: The EERC project team appears to be very aware of ongoing research and 
published literature based on the background portion of the proposal. They are correct in identifying the 
blinding/de-activation of catalyst as a potential problem associated with the use of SCR on units that fire 
LR Cs. 

6. The background of the investigator(s) as related to the proposed work is: 1 - very limited; 2 -
limited; 3 - adequate; 4 - better than average; or 5 - exceptional. 

Please comment: The proposed team possesses excellent credentials relative to the work to be 
performed. However, it is not apparent that this expertise transcends the research and development of 
catalyst-based NOx control. That is, it is clear that the team has had direct hands-on work on the 
development, formulation, manufacture, and/or application of the types ofcatalysts used in today's SCR 
systems. Although this is not a show stopper, it is an issue in terms of being able to interpret the results 
from the German vendor that will analyze the catalysts. 

7. The project management plan, including a well-defined milestone chart, schedule, financial plan, and 
plan for communications among the investigators and subcontractors, if any, is: 1 - very inadequate; 
2 - inadequate; 3 - adequate; 4 - very good; or 5 - exceptionally good. 
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Please comment: The offeror has not provided a milestone schedule for the project, although the 
total duration of the project and individual tasks is presented. EERC also identifies the total cost and 
anticipated cost sharing requirements of the project. The question again arises about the relationship 
between EERC and the unknown German vendor that is identified as providing $20,000/year to the 
project. The issue is whether or not there will be a limitation placed on the availability of the data that 
comes from testing the vendors catalyst. This needs to be addressed by EERC. 

8. The proposed purchase of equipment is: 1 - extremely poorly justified; 2 - poorly justified; 3 -
justified; 4 - well justified; or 5 - extremely well justified. (Circle 5 if no equipment is to be 
purchased.) 

Please comment: The offeror does not provide adequate information on equipment requirements 
to evaluate the rational/justification of its purchase. EERC does state that it will design and build 
the catalyst test bed that will tested in the field, but there are no details as to the materials required 
to do so. It may be assumed that all of the necessary equipment is already in the possession of 
EERC, but this is only an assumption. The offeror talks about using an on-line mercury analyzer, 
but it is not clear whether this piece of instrumentation already exits or would need to be 
purchased. 

9. The facilities and equipment available and to be purchased for the proposed research are: 1 - very 
inadequate; 2 - inadequate; 3 - adequate; 4 - notably good; or 5 - exceptionally good. 

Please comment: See comment #8. In terms of mercury measurements, EERC certainly has in its 
possession such equipment. However, with as many mercury projects that EERC is involved in, 
will they need to purchase a separate analyzer, or sampling train, for the proposed project? What 
about SCR catalysts. How many different catalysts will be tested? Who will supply the catalyst? 
What will they cost? 

10. The proposed budget "value"1 relative to the outlined work and the financial commitment from other 
sources is of: 1 - very low value; 2 - low value; 3 - average value; 4 - high value; or 5 - very high 
value. (See below) 

Please comment: As mentioned above, there is significant value associated with the project from two 
standpoints: (1) the potential impacts ofLRCs on SCR catalyst performance and (2) the impact of 
SCR catalyst on the speciation of mercury. Information on both of these areas will be of benefit to 
the coal and electric-utility industry, as well as to the regulated community, the regulators (e.g., 
EPA), and those developing technology. However, as also noted above, there are some uncertainties 
associated with the project that would need to be addressed before investing research dollars in the 
effort: ( 1) can the offeror really pull off the ambitious work scope from both a schedule and cost 

1 "Value" - The value of the projected work and technical outcome for the budgeted amount of the project, based on 
your estimate of what the work might cost in research settings with which you are familiar. 

Financial commitment from other sources - A minimum of 50% of the total project must come from other than 
Industrial Commission sources to meet the program guidelines. Support greater than 50% from Industrial 
Commission sources should be evaluated as favorable to the application. 
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perspective - have they given adequate thought to the level-of-effort required to field test at two 
different operating utilities. EERC has experience in this area, so perhaps they have, but it deserves a 
second look, and (2) EERC needs to clarify the relationship they will have with catalyst vendor(s) in 
terms of how available will the information from the project be. Issues of conflict of interest (having 
a vendor evaluate the catalyst) and the propriety of data/results collected needs to be revisited. 

C. Overall Comments and Recommendations: 

Please comment in a general way about the merits and flaws of the proposed project and make a 
recommendation whether or not to fund. 

General comments: 

• Need to identify the number of catalysts that will be evaluated, and the catalyst vendor(s). 
• Need to better describe how the effect of catalyst blinding/deactivation will be factored into the 

evaluation of the catalyst ability to convert HgO to Hg++. 
• Will any HgO spiking be done during the bench and/or field testing in the effect the natural Hg 

speciation does not favor elemental Hg? 
• Page 4 - Why does EERC propose to use the EPA M29 speciation method during the bench scale 

tests, while proposing to use Ontario-Hydro during field studies? 
• Page 4 - EERC proposes to use an online Hg analyzer. Whose instrument is this? Is this a home 

grown instrument? 
• A third party should be used to evaluate the catalyst. This will preclude concerns that the results 

might be biased if the catalyst vendor is doing the analysis. 
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LONG APPLICATJQN RATING FORM 

Reviewer's Identification Number: 00-3 (no name please) 

Date:January 31, 2000 

Principal Investigator(s); Chris J. Zygarlicke; Stephen A. Benson, Ph.D. 

Proposal Number: LRC-XXXVI·A 

Application Title: "'Evaluation of Potential SCR Catalyst Blinding During Coal Combustion" 

Section A. Summary of Ratings; 

Please complete the questions below, then fill in this summary. 

Statement Circled Weighting 
Number Factor Subrating 

4 x 9 36 - -- --1. Objectives 
3 x 9 = _27 --- -2. Achievability 
4 x 7 ~ _28 --- -3. Methodology 

4. Contribution 5 x 7 = 35 --- -
5. Awareness _4_ x 5 = _20_ 

4 x 5 = _20 --- -6. Background 
3 x 2 = 6 --- ----7. Project Management 
5 x 2 = 10 --- - -8. Equip meat Purchase 

9. Facilities 5 x 2 IO - -- -
4 x 2 _8_ ---10. Budget 

Total: 50 200 --
250 points possible 

Note: While points are necessary to establish an overall rating, comments on the various criteria are 
critical to truly understanding the value of a proposed project. Please elaborate in the comment sections to 
the maximum extent possible. 

Overall Recommendation: __ x __ Fund 

Fwiding May Be Considered 

Do Not Fund 
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Section B. Ratings and Comments: 

Please circle your response to each statement and transfer the number circled to the column entitled 
'~Circled Number'' on the first page of this fonn. Also, please comment on each criteria. 

PAGE 04 

1. The objectives or goals of the proposed project with respect to clarity and consistency with North 
Dakota In~strial Commission/Lignite Research Council goals are: 1 - very unclear; 2 - unclear; 
3 - clearW very clear; or 5 - exceptionally clear. 

2. 

Please comment: 

The authors have a good understanding of the overall potential problem and impacts on the 
environment, plant operations and the economy. 

The emission limits proposed for lignite boilers by USEP A is more restrictive than the limits 
currently in place in Germany. 

With the approach sugg~ed and time and budget available, the objectives are: 1- not achievable; 
2 -possibly achievableQ}- likely achievable; 4 - most likely achievable; or 5 - certainly 
achievable. 

Please comment: 

Insufficient data on budgets for complete evaluation 
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3. The quality of the m~ology displayed in the proposal is: 1 - well below average; 2 - below 
average; 3 - avera~ above average; or 5 - well above average. 

Please comment: 

There is limif.ed published data available. Most data to date is unpublished. It appears that the authors did 
a good job in obtaining unpublished data. 

4. The scientific and/or technical contribution ofthe proposed work to specifically address North 
Dakota Industrial Commission/Lignite Researcli ~uncil goals will likely be I - extremely small; 
2 - small; 3 - significant; 4 - very significant; & extremely significant. 

Please comment: 
It is cost beneficial to have the mercury research done at the same time. However~ the authors must not 
lose focus on the main goal of finding if there are SCR deactivation factors associated with lignite 
combustion. The main focus should not be mercury. The mercwy work is important in regards to future 
EPA regulations. There is very limit data available on the impact that SCR.s have on mercury emissions. 
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S. The principal investigator's awareness of current research activity and published literature as 
evidenced by literature referenced and its interpretation and by the reference t~published 
research related to the proposal is : I - very limited; 2 - limited; 3 -adequattjf- better than 
average; or 5 - exceptional. 

Please comment: 

PAGE 05 

6, The backgro~fthe investigator(s) as related to the proposed work is: I -very limited; 2 - limited; 
3 - adequa~ better than average; or 5 - exceptional. 

Please comment: 
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7. The project management plan, including a well-defined milestone chart, schedule, financial plan, and 
plan for comr."flicatians among the investigators and subcontractors, if any, is: 1 - very inadequate; 2 
- inadequate\,V- adequate~ 4 - very good; or 5 - exceptionally good. 

Please comment: 
.)/>'"'-· 

8. The proposed purchase of equ~ is: 1 - extremely poorly justified; 2 - poorly justified; 3 -
justified; 4 - well justified; o~clxtremely well justified. (Circle 5 if no equipment is to be 
purchased.) 

Please comment: 
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9. The facilities and equipment available and to be purchased for ~ropos~ research are: 1-very 
inadequate; 2 - ·inadequate; 3 - adequate; 4 - notably good; o(;;r' exceptionally good. 

Please conunent: 

PAGE 08 

10. The proposed budget "value"1 relative to the outlined work and the1Jltl~c~ia!lll£2Jm!E!ll!!~~froTimm!!..Q1oth~e 
sgurces is of: 1 - very low value~ 2 - low value; 3 - average val ; 4 'gh value; or 5 - very high 
value. (See below) 

Please conunent: 

1 "Value" - The value of the projected work and technical outcome for the budgeted amount of the prqject. based 
on your estimate of what the work might cost in research settings with which you are familiar. 

Figanci31 cgqunitment from other sourqs - A minimum of 50% of the total project must come from other than 
Industrial Commission sources to meet the program guidelines. Supp:>rt greater than 50% from Industrial 
Commission sources should be evaluated as favorable to the application. 
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C. Overall Comments and Recommendations: 

Please comment in a general way about the merits and flaws of tho proposed project and make a 
recommendation whether or not to fund. 

General comments: 

PAGE 09 

Since there is no SCR experience in Europe with lignite coals this study will be the only know 
published information available to regulat.ors, plant owners and catalyst vendors. This work needs to 
be done as soon as possible so that interested parties will have actual data rather than opinions to act 
upon. 

_ FILENAME 'p 
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EVALUATION OF POTENTIAL SCR CATALYST BLINDING 
DURING COAL COMBUSTION 

ABSTRACT 

Objectives: The goals of this Energy & Environmental Research Center (EERC) project are to 

determine the potential of low-rank coal ash to cause blinding or masking of selective catalytic 

reduction (SCR) catalysts and to determine the degree of elemental mercury conversion across the 

catalysts. Specific objectives include 1) identify candidate coals and blends for testing under bench-

scale conditions; 2) conduct bench-scale testing to screen coals and identify key conditions for testing 

at the full scale; 3) design and construct a SCR slipstream test chamber for sampling at full-scale 

facilities; 4) conduct testing at full-scale facilities; 5) identify SCR blinding mechanisms, rates, and 

cleaning methods as well as mercury conversion efficiencies; 6) interpret data, prepare a report, and 

attend sponsor meetings to develop recommendations related to expected catalyst life and degree of 

mercury conversion. 

Expected Results: Utilities that are contemplating the installation of SCR in their coal-fired units 

will gain scientific and engineering infonnation related to potential fouling of SCR catalyst material 

and will be able to negotiate guarantees and perfonnance criteria for SCR systems and materials, and 

SCR manufacturers and distributers will gain an appreciation for potential challenges facing utilities 

using low-rank coals that could cause SCR masking and will be able to adjust future systems. 

Duration: 24 months 

Total Project Cost: $733,333: $200,000 from the North Dakota Industrial Commission (NDIC) 

Participants: EERC, U.S. Department of Energy (DOE). NDIC, and utility consortium sponsors . 
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EVALUATION OF POTENTIAL SCR CATALYST BLINDING 
DURING COAL COMBUSTION 

PROJECT SUMMARY 

The primary goal of this Energy & Environmental Research Center (EERC) project is to 

determine the potential of low-rank coal ash to cause blinding or masking of selective catalytic 

reduction (SCR) catalysts. A secondary goal will be to determine the degree of elemental 

mercury conversion across the catalysts. Specific objectives include 1) identify candidate coals 

and blends for testing under bench-scale conditions; 2) conduct bench-scale testing to screen 

coals and identify key conditions for testing at the full scale; 3) design and construct a SCR 

slipstream test chamber for sampling at full-scale facilities; 4) conduct testing at full-scale 

facilities; 5) identify SCR blinding mechanisms, rates, and cleaning methods as well as mercury 

conversion efficiencies; 6) interpret data, prepare a report, and attend sponsor meetings to 

develop recommendations related to expected catalyst life and degree of mercury conversion. 

The work will be accomplished in six tasks. Task l will identify coals and utilities that will 

serve as test sites. Task 2 will be dedicated to bench-scale testing to screen coals and conditions 

that may be anticipated in the field testing. Task 3 focuses on the design and construction of the 

SCR slipstream test chamber. Task 4 will involve setting up the SCR slipstream test chamber at 

the various utility host sites and gathering data and SCR catalyst test sections for analysis. 

In Task 5, an intense effort will be made to characterize the SCR catalyst material for 

blinding effects and ash deposit mechanisms. This work is the most critical and will also entail 

identification of SCR blinding rates, recommendations for cleaning methods, and mercury 

conversion efficiencies. Correlations between coal analyses, flue gas vapor and particulate 



analyses, and SCR ash deposit analyses will be derived to determine potential masking impacts 

and mechanisms. 

Finally, Task 6 will provide interpretation of the data and develop recommendations to 

both utilities and SCR manufacturers. This task will also serve as a project management and 

reporting task. 

PROJECT DESCRIPTION 

Objectives 

Specific project objectives include: 

• Identify candidate coals and blends for testing for testing under bench-scale conditions. 

• Conduct bench-scale testing to screen coals and identify key test conditions. 

• Design and construct a slipstream system for testing at full-scale facilities. 

• Conduct testing at full-scale facilities. 

• Identify SCR blinding mechanisms, rates, and cleaning methods as well as mercury 

conversion efficiencies. 

• Interpret data, prepare a report. and attend sponsor meetings to develop 

recommendations related to expected catalyst life and degree of mercury conversion. 

Methodology 

This project is designed to determine the potential of low-rank coal ash to cause blinding or 

masking of SCR catalysts. Some attention will also be focused on determining the degree of 

elemental mercury conversion across the catalysts. Details of the methods to be used and the scope of 

work are gi ven below in the framework of six tasks. 
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Task 1 - Identification of Test Coals and Utility Host Sites 

The first task of this project will be to have a kickoff meeting between the multiclient 

consortium members to determine which utilities and boiler units will have the SCR slipstream 

test chamber installed in them and which coals shquld be tested. Two utility host sites will be 

selected for long-duration tests using the SCR slipstream test chamber. The utility sites will 

include at least one lignite boiler and one PRB boiler. A third host site may be selected, 

depending upon the number of consortium members involved and available funding. The coals 

that will be burned as part of the full-scale slipstream SCR testing will be part of the test pool; in 

addition, other coals that sponsors may want to test at the bench scale, which would not be tested 

at a utility host site, will be selected and acquired. The time-consuming nature of the utility field 

testing precludes the testing of multiple coals at full-scale units. A maximum of six test coals 

will be selected and acquired for this program. A final objective of Task l will be to finalize the 

project work plan. 

Task 2 - Bench-Scale Testing and Screening 

Bench-scale combustion testing will be used to accomplish two main objectives. The first 

is to obtain potentially useful information on SCR blinding propensity for several coals other 

than those used in the field test. The number of coals field-tested will be limited to the two 

accommodated by the project budget. A bench-scale test program will be able to test up to six 

coals for SCR catalyst blinding and reactivity degradation testing. These bench-scale tests may 

also lead to a more time-efficient and economical means of testing SCR blinding potential in the 

future. These tests may be conducted in collaboration with a project funded through the EERC's 

Center for Air Toxic Metals, which is focused on SCR catalyst impacts on mercury 

transformations. 
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The second objective of the bench-scale SCR reaction chamber testing will be to obtain 

fundamental information on the formation of phases and components that comprise SCR 

blinding deposits. Some studies have observed phosphate-rich ash deposits comprising SCR 

deposits. Calcium aluminum phosphate minerals have been observed in North Dakota lignites 

and Powder River Basin (PRB) coals, and there may be potential problems if indeed certain low­

temperature ash deposition mechanisms for SCR systems involve phosphatic materials. 

Information on how these phosphate-rich phases develop and form will be invaluable for 

predicting SCR deposition and for formulating ash deposit mitigation measures. 

Mercury conversion will be analyzed for the test coals using on-line mercury speciation 

measurements. Catalyst blinding will be assessed by extracting the catalyst section after long­

duration tests and assessing catalyst reactivity and ash-catalyst surface reactions and ash 

deposition. 

All test coals will be analyzed for proximate, ultimate, heating value, and bulk inorganic 

composition using standard American Society for Testing and Materials (ASTM) procedures. 

Advanced analytical techniques using scanning electron microscopy (SEM) will be used to study 

fly ash and deposit characteristics. Mercury sampling will be accomplished by extractive 

techniques using the U.S. Environmental Protection Agency (EPA) Method 29 sampling train. 

Task 3 - Design and Construction of the SCR Slipstream Test Chamber 

Portable test chambers will be designed and constructed for testing SCR masking at a 

minimum of two low-rank coal boilers (i.e .. select North Dakota lignite boilers). At least two 

chambers will be constructed and possibly more, depending on available funding. The chamber 

wil I maintain the correct temperature. surface area. and orientation of SCR catalyst material 
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The project would be funded through the EERC-DOE Jointly Sponsored Research 

Program. whereby the sum total of the commercial or industrial partners' contributions would be 

matched by a DOE contribution equaling 40% of the total project cost. A project budget has been 

assembled by the EERC for addressing SCR masking potential at two utility boiler units for a 

total project cost of about $733,333. This is a minimum project total needed to fulfill the project 

objectives and the work scope as outlined in the six-task structure. The project would run over a 

course of 2 years. In order to reach the total budget of $733,333, five U.S. commercial sponsors, 

not including NDIC, will be needed to contribute $20,000 per year for 2 years to total $200,000. 

The NDIC would in essence match this amount and contribute $100,000 per year to total 

$200,000. It is anticipated that the German vendor would also contribute $20,000 per year, but 

this amount will not be considered as part of the NDIC match. Should total contributions increase 

beyond the five U.S. and one German contribution that are projected, additional utility boiler 

testing or analytical work will be added to the project work scope. The total commercial 

contribution would therefore be $440,000. DOE would be solicited to contribute a total of $293.333 

as a 40% match to meet the total project cost of $733,333. The EERC is confident that a minimum of 

five commercial sponsors will be secured and that DOE will approve the 40% cost share. 

Three items are required from NDIC for inclusion in our proposal to DOE: 

• A formal commitment to the project. This can be a letter of commitment, a purchase 

order, or a signed contract. 

• A biographical sketch or resume for NDIC' s project manager and/or key 

technical contributor. 

• A short overview of NDIC. 
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