NTRD Program Disclaimers
1. Disclaimer of Endorsement:

The posting herein of progress reports and final reports provided to TCEQ by its NTRD Grant
Agreement recipients does not necessarily constitute or imply an endorsement, recommendation, or
favoring by TCEQ or the State of Texas. The views and opinions expressed in said reports do not
necessarily state or reflect those of TCEQ or the State of Texas, and shall not be used for advertising
or product endorsement purposes.

2. Disclaimer of Liability:

The posting herein of progress reports and final reports provided to TCEQ by its NTRD Grant
Agreement recipients does not constitute by TCEQ or the State of Texas the making of any
warranty, express or implied, including the warranties of merchantability and fitness for a particular
purpose, and such entities do not assume any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information,apparatus, product, or process disclosed, or represent
that its use would not infringe privately owned rights.
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Section I. Accomplishments (Please provide a bulleted list of project accomplishments as
well as a description of their importance to the project.)

The overall objectives of the project are i) to develop a retrofit technology of using
processed low-ash feedlot biomass (FB) as reburn fuel for potential reduction of the NOx in coal-
fired power plants by 80-90% and ii) determine the possible capture of Hg for low rank coals,
reduction of CO; and other benefits of using animal wastes (alternately known as feedlot
biomass, FB) as fuels.

1. Task 1: The DB fuel analyses were obtained from Hazen Research Lab. The full
analyses are listed in Appendix A for separated DB solids, partially composted (PC) DB,
fully composted (FC) DB, flushed (high moisture) DB, and lagoon DB. Analysis results
for raw, high ash feedlot biomass (HA-FB) and raw, low ash feedlot biomass (LA-FB)
are also included in Appendix A. Extensive data reduction is also shown in Table of
Appendix A. Important finding is that that flushing the manure with water and then
separating the solids and water results in loss of N with water and hence N in separated
solids (or raw dairy manure) is low compared to FB. In simplistic terms, the NO, capture
with Dairy Biomass (DB) may be low compared to FB. The experiments with DB for
reburn studies have not been proposed for the TCEQ project; however they will be
performed as a part of upcoming DOE project in order validate or disprove the above
hypothesis on NO reduction.

2. Task 1: The PC FB has finished composting and is currently drying so that it can be
ground and prepared for firing.

3. Task 1: The TGA/DSC was purchased from TA Instruments and received this month.
This will be used for pyrolysis studies on each fuel. The TA Instruments personnel will
visit A&M on Sep 13 and 14 and train the A&M graduate students in operating the
equipment.

4. Task 2 deals with small scale reburn experiments for NOx reduction. The test setup was
used to conduct preliminary experiments. Also, natural gas was added to the facility to
eliminate the need to use small propane tanks.

5. Task 2: Designed experimentation matrix for completing NOx experiments.

Task 2: Due to unforeseen death of an experienced senior PhD level graduate student, the
training of other graduate students in learning to operate the facility was slowed. Last
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month was used by graduate students in learning to operate all instrumentation and for
taking needed measurements in burner.

Task 2 also deals with Hg studies. In light of safety concerns and the upcoming DOE
project, it was decided that a new combustor setup will be fabricated exclusively for
conducting mercury experiments. The design of the new combustor was completed and
sent to a couple of local fabricators for bids. However funds for construction of new
facility were not requested in the original budget to TCEQ); it will be cost shared by DOE.

Task 3 deals with pilot scale studies using the DOE-NETL facility at Pittsburgh. Upon
recommendation from DOE, the GE facility at California was contacted and response

received. However response from one more vendor will be sought. John Sweeten and |
plan to make trips to both facilities prior to selection of site for pilot scale experiments.

Task 4 deals with a zero dimensional reburn model for predicting the NOx capture by
biomass fuels. Mr. Soyuz Priyadarson (now deceased) was responsible for the most part
of and NOx and Hg modeling. Further work has not yet been conducted over the last
month.

Task 4: A computer program on single coal particle model (without Hg and Cl modeling)
was developed in previous decade using DOE grants. The same program was now
modified for including Hg and ClI release from particle, Hg reactions and formation of
elemental Hg and Hg compounds in gas phase. The coal consists of C, H, N, O, and trace
amounts of Hg and CI. Simulations were done for different concentrations of chlorine in
coal, varying from low to high (50ppm, 100ppm, 175ppm). The data is taken from the US
Coal data base and done for different ambient temperatures (1000K and 1500K). Two
different global reactions in gas phase were considered separately:

i. Hg+Cl, - HgCl,
ii. Hg+2HCI - HgCl, +H;
For reaction i, it is assumed that the pyrolysis product of chlorine is atomic chlorine

(CI). Since the reaction has Cl,, one more reaction, the formation of molecular
chlorine, is included.

Cl+Cl>Cl,
For reaction ii, it is assumed that the pyrolysis product of chlorine is HCI.

Task 5: The economic analysis for DB solids and FB involves a comparison between
firing pure coal and firing a 90:10 blend of coal and biomass. The biomass is assumed to
be hauled by truck to the power plant. Using the values for moisture percentage, ash
percentage, and heating value discussed in the synopsis of Task 1, calculations of power
plant savings and profit to farmers using incomplete data were performed.

Task 5: Example economic calculations for separated DB solids, PC-DB, FC-DB, LA-
FB, and HA-FB are presented in Appendix B along with the assumed values for the
unknown parameters.

Indicate which part of the Grant Activities as defined in the grant agreement, the above
accomplishments are related to:

Task 1: Fuel characteristics

Task 2: Small Scale Reburn Experiments for NOx reduction

Task 3: Pilot scale reburn studies at DOE-NETL

Task 4: Reburn modeling to predict NOx and Mercury capture by biomass fuels
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Task 5: Perform the economics of the use of FB as reburn fuel in coal fired power plants and cost
of NOx reduction compared to other technologies.

Section I1: Problems/Solutions

Problem(s) Identified

(Please report anticipated or
unanticipated problem(s) encountered
and its effect on the progress of the
project)

Taskl:

i. The moisture content of the separated DB solids is still
extremely high, 81%. This high moisture would certainly
lower boiler efficiency if separated DB solids were used for co-
firing or re-burning.

ii. The amount of ash in the flushed manure is high compared
to the amount of ash in the separated solids. On a dry basis the
ash percentage in the flushed manure is 51.33%. That is, over
half of all the solids in the flush are inert. While only 11.24%
of the solids separated from the flush are inert. This suggests
that the “flighted” screen separator used at the Broumley Dairy
removes combustible material more efficiently than inert
material. This may hurt the possibility of obtaining revenue
from selling left over ash from combustion processes if DB
solids are used for co-firing and re-burning.

iii. The low amounts of ash are also attributed to the fact that
partially composted DB solids are used as bedding at the
Broumley Dairy. If solids are used in combustion process, then
a different type of bedding would be used like sand or sawdust.
These forms of bedding would probably increase the ash
percentage in the fuel.

iv. Also, the nitrogen content (N: C ratio) in Separated DB
solids is half that of LA-FB. This suggests that DB maybe less
effective in reducing NOXx in re-burn experiments than feedlot
biomass. However, the amount of sulfur in separated DB is
lower, which may lower SOx emissions.

v. The training personnel for the TGA/DSC are unavailable
until mid September.

Task 2:

i. Fabricators are slow to respond to quotes for materials and
fabrication of new burner setup.

ii. The fuel required for the NOx reduction experiments has not
arrived. The grinder used for grinding the fuel is not operable.
Task 4:

i. Mercury modeling: encountered, coding errors while running
the numerical code.

Task 5:

i. The distance between the farm and the plant is the most
crucial issue. In the example in Appendix B, the distance
between them is assumed to be 20 miles. However, for
separated DB solids fired at a similar plant 30 miles away,
firing a 90:10 blend becomes unprofitable for the power plant.
ii. The algorithm in Appendix C provides an estimate for
biomass that is scraped or vacuumed from the feedlots or dairy
stalls; however, for flushed dairy biomass, the full value of the
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manure also includes the value of the liquid manure remaining
after the solids have been separated. Depending on the solid
separator efficiency, the remaining liquid manure accounts for
80 to 98% of the total mass of the flushed manure.

Proposed Solution(s)

(Please report any possible solution(s)
to the problem(s) that were
considered/encountered)

Task1:

i. A complete study should be conducted on solid separators to
determine how much we can further reduce the moisture
content in the separated solids. For example, an auger/screw
press can lower the moisture percentage in the separated solids
another 10%.

ii. The reason for low ash, nitrogen, and sulfur contents in the
separated DB solids is that nitrogen and sulfur, as well as
elements in the ash such as phosphorus (P,Os), potassium
(K,0), silicon (SiO,) and calcium (CaO) form relatively small
particles compared to the particles of complex carbohydrates
formed by carbon, hydrogen and oxygen. The larger particles
are captured more efficiently in the separator screens. Perhaps
using finer meshed screens would increase the amounts of
nitrogen, sulfur and ash in the separated solids. However, this
may also increase the moisture percentage in the separated DB.
iii. The training for the TGA/DSC will be completed September
13 and 14. This will give sufficient time to complete all needed
experiments by the project deadline.

Task 2:

i. We are continuing to contact the suppliers for the material
and fabrication of the new combustor. We may also contact
other companies.

ii. The grinder should be operational in the first part of
September. Once operational, fuel will be ground and sent to
TAMU. This should provide sufficient time to complete
required experiments.

Task 4:

i. Hg modeling: The possible solution to the mentioned
problem is to make proper implementation of the changes to the
present numerical code and time to fix the problems.

Task 5:

i. For long distances between farms and power plants, railroads
or some alternative forms of transportation can be considered.
The algorithm in Appendix C can still be used, except loading
and transportation costs may be different.

ii. Also, for areas such as the Bosque River Region north of
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Waco, TX, it may be more profitable to construct new power
plants in those regions where there is a high concentration of
farms or to modify existing power plants near these regions to
fire coal/biomass blends.

Action(s) Conducted and Results

(Please describe the action(s) taken to
resolve the problem(s) and its effect)

Section I1l. Goals and Issues for Succeeding Period: (Please provide a brief description of the
goal(s) you hope to realize in the coming period and identify any notable challenges that can be
foreseen)

Proposed activities for month 3 (09/01/2005 — 09/30/2005)
General:

Task 1:
¢ Study the impact of solid separator efficiency.
e Complete training on TGA/DSC and begin testing the fuel samples.

Task 2:
e Begin furnace fabrication.
e Use fuel data from Task 1 to calculate operating conditions for experiments.

Task 3:

o Finalize the pilot plant site after visiting the facilities
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Task 4:

e The changes to the numerical code will be made so that the fraction of mercury converted
to mercury chloride (HgCl,) with varying chlorine concentration and temperature can be
measured.

e The code with these changes will be run for all the cases mentioned in the
accomplishments section.

Task 5:

e [ssues with NOx reduction and catalytic converters are not covered in Appendix C.
Further research and experimentation will be conducted to determine the economic
importance of these additional issues in Task 5.

Date:__09/09/05

Authorized Project Representative's Signature
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NOTE: Please attach any additional information that you feel should be a part of your report or
that may be required to meet the deliverable requirements for tasks completed during this
reporting period.

Table of LIST OF ACRONYMS
AB: Agricultural Biomass

AC: Activated Carbon

ACI: activated carbon injection

APCD: Air Pollution Control Devices

APH: Air Pre-heater

AW: Agricultural Wastes

ARS: Agricultural Research Station

ATP: Texas Advanced Technology Program

AWDF: Animal Waste Derived Biomass Fuels
CAFO: Concentrated Animal Feeding Operations
CAIR: Clean air Interstate Rule

CAMR: Clean Air Mercury Rule

CB:; Cattle biomass

CO,: Carbon Dioxide

DAF: Dry Ash Free

DB: Dairy Biomass

DOE: Department of Energy

DSC: Differential Scanning Calorimeter

EER; Energy and Environmental research Corporation
EGR: Exhaust Gas Recirculation

EPA: Environmental Protection Agency

ESP: electrostatic Precipitator

FB: Feedlot biomass (Cattle manure or Cattle Biomass CB)
FC: Fixed Carbon

FGD: flue gas Desulfurizer

FR: Feed Ration

GRA: Graduate Research Assistant

HA-FB-Raw: High Ash Feedlot Biomass Raw form
HA-FB-PC: High Ash Feedlot Biomass Partially Composted
AHP: high ash/High Phosphorus feedlot biomass

HP: High Phosphorus

HHV: Higher Heating Value

HV: Heating value

LA-FB-Raw: Low Ash Feedlot Biomass

LA-FB-PC: Low Ash Feedlot Biomass Partially Composted
LALP: Low ash/Low Phosphorus feedlot biomass
LAHP: Low ash/High Phosphorus feedlot biomass
LOI: Loss on ignition or % carbon in bottom and fly ash
LP: Low Phosphorus

MAF: Moisture Ash Free, Dry Ash Free

mmBTU: million BTU

MMF: Mineral Matter Free

NETL: National Energy Technology Laboratory

Implémentation Grants Section
Texas Commission on Environnemental Quality



TCEQ-NTRD

N2: Nitrogen

NOx: Oxides of Nitrogen

02: Oxygen

PAC: powdered activated carbon

PCD: particulate control devices

PM: particulate matter

RM; Raw Manure

S: Sulfur

SCR: Selective catalytic reduction

SR: Stoichiometric ratio, Air: Fuel/ (Air: Fuel) spicn
TAMU: Texas A&M University

TAES: Texas Agricultural Extension Service
TGA: Thermo-Gravimetric Analysis

TMPA: Texas Municipal Power Agency
TXU: Texas Utilities

USDA: US Dept of Agriculture

VM: Volatile matter
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