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DISCLAIMER

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States, any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liabilities or
responsibility for the accuracy, completeness, or usefulness of any information,
apparatus, product, or process disclosed, or represents that its use would not infringe
privately owned rights. Reference herein to any specific commercial product,
process, or service, by trade name, mark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or
any agency thereof.
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ABSTRACT

CQ Inc. and its industry partners—PBS Coals, Inc. (Friedens, Pennsylvania),
American Fiber Resources (Fairmont, West Virginia), Allegheny Energy Supply
(Williamsport, Maryland), and the Heritage Research Group (Indianapolis,
Indiana)—addressed the objectives of the Department of Energy and industry to
produce economical, new solid fuels from coal, biomass, and waste materials that
reduce emissions from coal-fired boilers. This project builds on the team's
commercial experience in composite fuels for energy production.

The electric utility industry is interested in the use of biomass and wastes as fuel to
reduce both emissions and fuel costs. In addition to these benefits, utilities also
recognize the business advantage of consuming the waste byproducts of customers
both to retain customers and to improve the public image of the industry.
Unfortunately, biomass and waste byproducts can be troublesome fuels because of
low bulk density, high moisture content, variable composition, handling and feeding
problems, and inadequate information about combustion and emissions
characteristics. Current methods of co-firing biomass and wastes either use a
separate fuel receiving, storage, and boiler feed system, or mass burn the biomass by
simply mixing it with coal on the storage pile.

For biomass or biomass-containing composite fuels to be extensively used in the
U.S., especially in the steam market, a lower cost method of producing these fuels
must be developed that is applicable to a variety of combinations of biomass, wastes,
and coal; economically competitive with current fuels; and provides environmental
benefits compared with coal.

During Phase | of this project (January 1999 to July 2000), several biomass/waste
materials were evaluated for potential use in a composite fuel. As a result of that
work and the team's commercial experience in composite fuels for energy
production, paper mill sludge and coal were selected for further evaluation and
demonstration in Phase I1. In Phase Il (June 2001 to December 2004), the project
team demonstrated the GranuFlow technology as part of a process to combine paper
sludge and coal to produce a composite fuel with combustion and handling
characteristics acceptable to existing boilers and fuel handling systems. Bench-scale
studies were performed at DOE-NETL, followed by full-scale commercial
demonstrations to produce the composite fuel in a 400-tph coal cleaning plant and
combustion tests at a 90-MW power plant boiler to evaluate impacts on fuel
handling, boiler operations and performance, and emissions.
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A circuit was successfully installed to re-pulp and inject paper sludge into the fine-
coal dewatering circuit of a commercial coal-cleaning plant to produce 5,000 tons of
a “composite” fuel containing about 5% paper sludge. Subsequent combustion tests
showed that boiler efficiency and stability were not compromised when the
composite fuel was blended with the boiler’s normal coal supply. Firing of the
composite fuel blend did not have any significant impact on emissions as compared
to the normal coal supply, and it did not cause any excursions beyond Title V
regulatory limits; all emissions were well within regulatory limits. SO, emissions
decreased during the composite fuel blend tests as a result of its higher heat content
and slightly lower sulfur content as compared to the normal coal supply.

The composite fuel contained an extremely high proportion of fines because the
parent coal (feedstock to the coal-cleaning plant) is a “soft” coal (HGI > 90) and
contained a high proportion of fines. The composite fuel was produced and
combustion-tested under record wet conditions for the local area. In spite of these
conditions, full load was obtained by the boiler when firing the composite fuel
blend, and testing was completed without any handling or combustion problems
beyond those typically associated with wet coal. Fuel handling and pulverizer
performance (mill capacity and outlet temperatures) could become greater concerns
when firing composite fuels which contain higher percentages of high-moisture
biomass materials, such as paper sludge and some wood wastes.
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INTRODUCTION

Under contract to the U.S. Department of Energy, CQ Inc. and its industry partners—PBS
Coals, Inc. (Friedens, Pennsylvania), American Fiber Resources (Fairmont, West Virginia),
Allegheny Energy Supply (Williamsport, Maryland), and the Heritage Research Group
(Indianapolis, Indiana)—demonstrated a technology that adds biomass (paper/pulp mill
sludge) to coal to produce a composite fuel with combustion and handling characteristics
acceptable to existing power plant boilers and fuel handling equipment. Because paper
sludge and other biomass materials often contain essentially no sulfur or mercury and are
CO, neutral, the firing of composite fuels often results in reduced emissions. In addition,
co-firing biomass with coal has been shown to reduce both NO, and particulate emissions.
Finally, the technology reduces the number and size of waste coal impoundments by
increasing the capture of fine-sized coal in existing coal cleaning plants, as well as by
utilizing paper mill sludge and other biomass materials currently land-filled or incinerated.

Current methods of co-firing biomass with coal require significant capital investment for
separate biomass receiving, storage, and boiler feed systems. The GranuFlow™ process was
developed by the U.S. Department of Energy (DOE) to agglomerate fine-sized coal
particles prior to mechanical dewatering, thereby reducing moisture content, improving
handleability, and reducing the loss of coal to impoundments. During Phase | of this
project (January 1999 — July 2000), several biomass/waste materials were evaluated for
potential use in a composite fuel. As a result of that work and the team's commercial
experience in composite fuels for energy production, paper mill sludge and coal were
selected for further evaluation and demonstration in Phase Il. During Phase 11, the project
team demonstrated the GranuFlow technology as part of a process to combine paper sludge
and coal to produce a composite fuel with combustion and handling characteristics
acceptable to existing boilers and fuel handling systems. Bench-scale studies were
performed at DOE-NETL, followed by full-scale commercial demonstrations to produce
the composite fuel in a 400-tph coal cleaning plant and subsequently fire the fuel in a 90-
MW power plant boiler.

Phase Il work was performed over a 43-month period, from June 2001 through
December 2004.
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Objectives

The objective of this project was to demonstrate a technology that provides a method of
adding paper mill sludge to coal to produce a composite fuel with combustion and handling
characteristics acceptable to existing power plant boilers, providing both economic and
environmental benefits. This objective was achieved through the following tasks:

Process Evaluation at Pilot Scale. Define all important process parameters at pilot
scale. This work was performed by DOE's National Energy Technology Laboratory
(NETL), Pittsburgh, PA, using an existing screen-bowl dewatering test circuit.
Parameters evaluated included types of biomass, paper sludge/coal ratios, and
type/dosage of a bitumen emulsion additive.

Commercial Fuel Production Demonstration. The composite fuel was produced at
PBS Coals' Shade Coal Preparation Plant, located in Somerset County, PA. Paper/pulp
sludge from American Fiber Resources (AFR) recycle pulp mill in Fairmont, WV was
trucked to the Shade Plant, re-pulped, and added to the plant's fine-coal dewatering
circuit to produce 5,000 tons of the composite fuel. DOE's GranuFlow technology, in
which a bitumen emulsion is added to the coal/paper sludge mix to improve it’s
dewatering and handling characteristics, was also used to produce the composite fuel.

Full-Scale Combustion Testing. A test burn of the composite fuel was performed at
Allegheny Energy Supply's R. Paul Smith Station (Williamsport, MD). The test burn
was performed over a three-week period, and compared the performance of the
composite fuel to the parent coal and the plant's normal coal supply. The elements of
the test included fuel handling and performance of the total combustion system,
including pulverizers, burners, boiler, and air pollution control system.

Technical & Economic Assessment. Using the data from the production and
combustion tests, a technical and economic analysis was performed for long-term
commercial application. The economic assessment included an evaluation of the
economic impacts of biomass tax credits on power generation costs.

Participants

The major project participants are identified below and a project organization chart is
included as Figure I-1. A description of each participant’s role and responsibilities in the
project follows.

CQ Inc. managed the project and was responsible for all budgetary and administrative
functions, including technical and financial documentation as required by DOE and the
other project sponsors. CQ Inc. managers and process engineers worked closely with the
NETL staff during the Phase 2.2 laboratory-scale work, and with the plant management
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and operating staff during the commercial production demonstration at the Shade Coal
Preparation Plant. CQ Inc. also worked closely with the power plant staff and the power
plant owner's consultants during the combustion test.

Heritage Research Group is part of the Heritage Group Companies based in Indianapolis,
Indiana. The Heritage Group formulates and produces asphalts and other paving materials
for the highway and construction industries. They also produced the asphalt emulsion, a
complex petroleum hydrocarbon emulsified to reduce viscosity, used in demonstrating the
GranuFlow technology during the composite fuel production demonstration.

American Fiber Resources (AFR) owns and operates a recycled fiber pulp mill in Fairmont,
West Virginia. The mill recycles mixed office wastepaper to produce printing and writing
grade de-inked pulp. It produces about 200,000 tons of pulp annually, generating 500 tons
of paper sludge per day. AFR provided the paper/pulp sludge for the composite fuel
production demonstration.

PBS Coals, Inc. is a Pennsylvania-based coal operator that owns and operates the Shade
Coal Preparation Plant located in Somerset County, Pennsylvania. The plant produces
about 2,000 tons of clean coal per shift, and ships about 3 million tons per year from the
Shade facility. The biomass component (paper/pulp sludge) and asphalt emulsion were
added to the plant's fine coal stream prior to the dewatering step to produce the composite
fuel during the production demonstration.

Allegheny Energy Supply Co., LLC owns and operates the R. Paul Smith (RPS) Generating
Station located in Williamsport, Maryland, and hosted the combustion testing of the
composite fuel. The combustion test was performed on Unit No. 4, a 90-MW tangentially-
fired boiler equipped with a low-NO, firing system. Allegheny Energy contracted with Mr.
David Tillman of the Foster Wheeler Power Group to assist in the development and
execution of the combustion test plan.

DOE's National Energy Technology Laboratory (NETL) conducted pilot-scale tests at
NETL’s coal preparation test circuit to evaluate the integration of biomass materials and
fine coal using the GranuFlow process. This work was performed under the direction of
Dr. George Wen, co-inventor of the GranuFlow technology.
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Figurel-1. Project Organization Chart
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U.S. Department of
Energy
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Support Staff David Akers Advisory Committee
Project Manager
Financial Industry
Report Production 2.1 Project Management Representatives
DOE-NETL CQ Inc. Demonstration Participants
Dr. George Wen Glenn Shirey
Task Manager Heritage Res earch Group
) American Fiber Resources
2.2 Bench/Pilot Tests 2.2 POC Evaluation PBS Coals Shade Plant
2.3 Fuel Characterization
2.4 Combustion Testing Allegheny Energy Supply
2.5 Economic Assessment R. Paul Smith Station
2.6 Final Report
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EXECUTIVE SUMMARY

Under contract to the U.S. Department of Energy, CQ Inc. and its industry partners—PBS
Coals, Inc. (Friedens, Pennsylvania), American Fiber Resources (Fairmont, West Virginia),
Allegheny Energy Supply (Williamsport, Maryland), and the Heritage Research Group
(Indianapolis, Indiana)—demonstrated a technology that adds biomass (paper/pulp mill
sludge) to coal to produce a composite fuel with combustion and handling characteristics
acceptable to existing power plant boilers and fuel handling equipment.

Current methods of co-firing biomass with coal require significant capital investment for
separate biomass receiving, storage, and boiler feed systems. The GranuFlow™ process was
developed by the U.S. Department of Energy (DOE) to agglomerate fine-sized coal
particles prior to mechanical dewatering, thereby reducing moisture content, improving
handleability, and reducing the loss of coal to impoundments. During Phase | of this
project (January 1999 — July 2000), several biomass/waste materials were evaluated for
potential use in a composite fuel. As a result of that work and the team's commercial
experience in composite fuels for energy production, paper mill sludge and coal were
selected for further evaluation and demonstration in Phase 11. During Phase 11, the project
team demonstrated the GranuFlow technology as part of a process to combine paper sludge
and coal to produce a composite fuel with combustion and handling characteristics
acceptable to existing boilers and fuel handling systems. Bench-scale studies were
performed at DOE'’s National Energy Technology Laboratory (NETL), followed by full-
scale commercial demonstrations to produce the composite fuel in a 400-tph coal cleaning
plant and subsequently fire the fuel in a 90-MW power plant boiler.

Objectives

The objective of this project was to demonstrate a technology that provides a method of
adding paper mill sludge to coal to produce a composite fuel with combustion and handling
characteristics acceptable to existing power plant boilers, providing both economic and
environmental benefits. This objective was achieved through the following tasks:

Process Evaluation at Pilot Scale. Define all important process parameters at pilot
scale. This work was performed by DOE-NETL using an existing screen-bowl
dewatering test circuit. Parameters evaluated included types of biomass, paper
sludge/coal ratios, and type/dosage of a bitumen emulsion additive.

Commercial Fuel Production Demonstration. The composite fuel was produced at
PBS Coals' Shade Coal Preparation Plant, located in Somerset County, PA. Paper/pulp
sludge from American Fiber Resources (AFR) recycle pulp mill in Fairmont, WV was
trucked to the Shade Plant, re-pulped, and added to the plant's fine-coal dewatering
circuit to produce 5,000 tons of the composite fuel. DOE's GranuFlow technology, in
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which a bitumen emulsion is added to the coal/paper sludge mix to improve it's
dewatering and handling characteristics, was also used to produce the composite fuel.

Full-Scale Combustion Testing. A test burn of the composite fuel was performed at
Allegheny Energy Supply's R. Paul Smith Station (Williamsport, MD). The test burn
was performed over a three-week period, and compared the performance of the
composite fuel to the parent coal and the plant's normal coal supply. The elements of

the test included fuel handling and performance of the total combustion system,
including pulverizers, burners, boiler, and air pollution control system.

Technical & Economic Assessment. Using the data from the production and
combustion tests, a technical and economic analysis was performed for long-term
commercial application. The economic assessment included an evaluation of the
economic impacts of biomass tax credits on power generation costs.

A Technical Advisory Committee (TAC) was formed to steer the project, providing
technical review and industry perspective on the work. The committee consisted of
representatives from the coal and electric utility industries, equipment manufacturers and

Representatives from the following organizations served
on the Technical Advisory Committee, providing
technical insights and industry perspective on Phase 11
work:

Allegheny Energy Supply, Monroeville, PA
Cofiring Alternatives, Ebensburg, PA
Dynegy Midwest Generation, Decatur, IL
Electric Power Research Institute, Palo Alto, CA
Gasification Engineering Corp., Houston, TX
General Bioenergy, Florence, AL

Heritage Research Group, Indianapolis, IN
Magellan Resources Group, Chantilly, VA
Pellet Fuels Institute, Arlington, VA
Shenango Inc., Neville Island, PA

Southern Company Services, Birmingham, AL
US Department of Energy, Pittsburgh, PA

fabricators, fuel technology developers, and
several research organizations. Industry
involvement of this type during the
development stage greatly enhances the
commercialization prospects of
technologies such as those being developed
under this project.

TAC meetings allowed the project team an
opportunity to share the results of the
project tasks with industry representatives,
and provided an opportunity for the
industry representatives to review and
comment on the results, and provide advice
to the project team members for future
work. In fact, the most significant shift in

work scope was a result of TAC discussion and input: replacing pilot-scale combustion
testing with a full-scale combustion test at a 90-MW power plant coal-fired unit.

Pr oof-of-Concept Evaluation

This task included the design, construction/installation, and testing of the bench- and POC-
scale circuits. Bench-scale testing involved both sawdust and paper sludge as the biomass
sources in the fuel formulation, with paper sludge selected for POC demonstration.
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Emulsion type and dosage were also evaluated at this stage. After process operating
parameters were defined, POC testing was performed at a commercial coal preparation
plant to verify projected operational reliability and flowsheet performance. The POC circuit
produced quantities of the composite coal/biomass fuel required for full-scale combustion
testing.

Biomass Characterization

Biomass samples—sawdust, waste plastic, and paper mill sludge—were collected from
industrial and commercial facilities targeted for potential use for the POC demonstration.
Representative samples of each material were obtained according to ASTM standards, and
analyzed for particle size, proximate, ultimate, heating value, ash composition, and selected
trace elements (mercury, selenium, etc.). Samples of sawdust (1) and paper mill sludge (4)
were obtained from the following sources:

Cameron's Sawmill, Brush Valley, Pennsylvania

American Fiber Resources' (AFR) Recycle Paper/Pulp Mill, Fairmont, West
Virginia

Appleton Papers' Spring Mill, Roaring Spring, Pennsylvania

Glatfelter Paper Mill, Spring Grove, Pennsylvania

MeadWestvaco Paper Mill, Luke, Maryland

Table S-1 summarizes the major chemical and combustion properties for the five biomass
samples. Paper sludge from the AFR mill was selected for commercial production of the
composite fuel.

NETL Bench/Pilot Testing

Both bench- and pilot-scale tests were conducted at DOE-NETL’s Solid Processing
Research Facility. Bench-scale tests were performed using a lab-scale IEC Chemical
Centrifuge. This facility is also equipped with a unique pilot-scale fine coal dewatering
circuit, including a 6-inch diameter screen bowl centrifuge. This circuit was modified to
accommodate methods for adding and mixing the biomass materials into the fine coal
slurry, and then tested for operability.

Preliminary batch lab-scale centrifuge dewatering tests were performed on coal slurry with
emulsion addition, with and without sized sawdust and paper mill fiber. The results
indicated that the GranuFlow process provided additional moisture reduction with biomass
added to the coal, and that a centrifuge could be a cost-effective dewatering device to
produce a dryer biomass/coal product for improved material transport, handling, and
storage.
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Table S-1. Biomass Analyses (dry basis except moisture and as noted)

Cameron AFR Appleton* Glatfelter M eadWvaco
Parameter Units Sawdust Paper Sludge Paper Sludge Paper Sudge Paper Sludge
Moisture Wt% 44.6 49.1 62.1 58.9 83.2
Volatile Matter Wt% 87.8 62.1 28.6 59.3 59.4
Fixed Carbon Wt% 114 17 219 29 6.0
Ash Wt% 0.7 36.2 495 37.8 34.6
Sulfur Wt% 0.13 0.09 0.41 0.22 0.40
Carbon Wt% 49.2 27.8 37.1 26.8 319
Hydrogen Wit% 6.0 33 16 34 42
Nitrogen Wt% 0.2 04 0.8 12 11
Oxygen Wt% 438 323 10.7 30.7 277
Heating Value Btu/Lb 8,486 4,207 5,258 3,902 5,397
Hesting Value (as-rec'd) Btu/Lb 4,700 2,141 1,993 1,604 907
S0, Lbs'MMBtu 0.31 0.43 1.56 113 1.48
Arsenic PPM 2.2 52.1 89.7 19.3 49.5
Selenium PPM 24 15.6 16.5 13.0 27.8
Mercury PPM 0.06 <0.0005 0.49 0.06 0.70
Ash Mineral Comp
Silicon Dioxide Wit% 25.2 19.2 26.9 18.9 345
Aluminum Oxide Wt% 118 124 13.9 134 26.9
Ferric Oxide Wt% 8.3 11 2.8 18 13
Titanium Oxide Wt% 0.6 26 0.6 0.8 8.2
Phosphorus Pentoxide W1t% 20 0.2 1.0 0.7 13
Calcium Oxide Wt% 28.6 39.1 384 50.3 22.6
Magnesium Oxide Wt% 47 12 2.7 22 12
Sodium Oxide Wit% 0.6 0.3 0.8 0.7 0.9
Potassium Oxide Wt% 6.1 0.2 13 04 04
Sulfur Trioxide Wt% 10.0 0.3 22 0.7 17

* Appleton Paper Sludge also contained mill boiler fly ash.

Commercial POC Circuit Demonstration

This task involved (1) the design of a commercial materials-processing circuit to add wet
biomass (paper sludge) to a fine coal dewatering circuit, (2) sourcing of the biomass, (3)
shakedown testing of the biomass injection circuit at CQ Inc.'s test plant facility, (4)
installation of the biomass injection circuit at a commercial coal-cleaning plant, (5) testing
to evaluate the impacts of the process on commercial plant operations and final product
characteristics, and (6) production of the composite fuel in sufficient quantity to perform
full-scale combustion testing at a commercial coal-fired power plant.

The POC demonstration host sites and raw material suppliers are identified below:

PBS Coals' Shade Coal Preparation Plant, Central City, PA
-- Coal Supplier and Composite Fuel Production Site

- American Fiber Resources' Recycled Fiber Pulp Mill, Fairmont, WV
-- Paper Sludge Supplier
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- Heritage Research Group, Indianapolis, IN
-- Emulsion Supplier

- Allegheny Energy Supply's R. Paul Smith Station, Williamsport, MD
-- Composite Fuel Combustion Test Site

PBS Coals, Inc. provided the host site for the composite-fuel production at the Shade Coal
Preparation Plant (Figure S-1). This facility processes ROM coal (Northern Appalachian
Bituminous Coal) at a rate of about 400 tph, producing about 2,000 tons of clean coal per
shift for the steam market. The
plant flowsheet consists of a
heavy-media bath, heavy-media
cyclones, hydrocyclones, and
spirals. Centrifuges, a vacuum
disk filter, and a thermal dryer
are used to dewater/dry the
clean coal. A flowsheet and
mass balance were developed to
integrate the paper sludge
addition circuit into the plant’s
fine-coal circuit. In normal
- . | operations, the vacuum filter
|l = _"_ = ~ _~ | dewaters clean coal from a spiral
[T N circuit and clean coal thickener.
At a typical plant feed rate of
350 tph, the vacuum filter
receives 50 tph (350 gpm @ 45%-50% solids) from the spiral clean coal and middlings
streams, and 30 tph (300 gpm @ 35% solids) from the thickener underflow. Total flow to
the filter is about 80 tph (650 gpm, 40% solids). The spirals feed directly into the filter,
while the thickener underflow is routed through a small tank for flocculent treatment and
then fed to the filter.

FigureS-1. PBS Coals' Shade Coal Preparation Plant

The paper sludge addition equipment was installed outside the plant, consisting of the two
mix/charging tanks, diesel slurry pumps, re-circulating lines, and associated valving. A small
loader was used to load the paper sludge from the day stockpile to the smaller tank, where
water was added to re-pulp the sludge to a solids content of about 10 - 15 wt%. The slurry
was then pumped to the larger tank for further mixing, and then pumped into the plant at a
rate of about 250 gpm (8 to 10 tph). Inside the plant, the sludge slurry entered the vacuum
filter feed tank where it combined with the clean-coal thickener underflow stream (330
gpm, 32% solids, 30 tph). The plant’s vacuum filter dewatered these streams along with
clean coal produced by the plant's spiral circuit.
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Long-term demonstration of the composite fuel production process occurred over two 12-
hour operating shifts in August 2003. Paper mill sludge (270 tons) from AFR’s Fairmont
paper mill was delivered to the Shade demonstration site by truck. AFR's mill (Figure S-2)
recycles mixed office wastepaper to produce printing and writing grade de-inked pulp. The
mill produces about 200,000 tons of pulp annually and generates 500 tons of paper sludge
per day; the sludge pulp is dewatered via belt presses to a moisture content of 55 to 60 wt%
and typically disposed for surface coal mine reclamation.

FigureS-2. Paper Sludge Supplier — American Fiber Resources, Fairmont, West Virginia

During the production demonstration, the filter cake product consisted of approximately
80% coal and 20% paper sludge; after this material was mixed in with the plant's coarse
clean coal and blended with a low-sulfur ROM coal to meet the combustion test site’s sulfur
specification, the paper sludge component comprised about 5% of the total composite fuel
product as shipped to the combustion test site.

The filter cake analyses are shown in Table S-2. As expected, the moisture content of the
filter cake increased when adding the paper sludge to the filter feed (the paper sludge was
delivered from the paper mill at a moisture content of about 60 wt%). The filter cake
moisture with 100% coal and no paper sludge added was about 24%, which increased to
30-35% after the paper sludge was added. Also expected, the addition of the paper sludge
increased the filter cake's ash content and reduced its heating value, while increasing its
volatile matter and reducing sulfur content and SO, emissions potential.
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Table S2. Shade Vacuum Filter Cake Analyses (Test Shift No. 1, August 2003)

Emulsion As- Dry
Sludge Dose, Moisture Dry Ash  Dry Sulf Recd Dry 0O, VM

Test (On/Off)  (Wi%) (W1%) (Wt%) (Wt%) Btu/lb Btuwlb  IbssMMBtu (Wit%)
1 Off Off 23.6 10.8 1.26 10,649 13,945 181 18.0
2 On Off 30.1 139 1.07 9,339 13,357 1.60 20.3
3 On 1.0% 29.9 125 113 9,537 13,597 1.66 212
4 On 2.0% 33.2 136 112 8,919 13,343 1.68 219
5 On Off 35.4 15.2 110 8,312 12,863 171 23.3

Significant observations noted during the production demonstration included:

Paper sludge delivered to the test site as belt press filter cake (60% moisture) could
be re-pulped and pumped into the coal preparation plant's fine coal dewatering
circuit at a solids content of 10-12 wt%.

The paper sludge appeared to be well mixed and commingled with the coal as the
materials exited the vacuum filter; segregation of the materials was not observed as
the filter cake was transferred from the vacuum filter to the plant's clean-coal
conveying system.

Adding the re-pulped paper sludge to the vacuum filter feed did not have any
detrimental operating impacts on the filter or thickener; longer duration tests
(months) would be required to confirm these findings. The cake was observed to
"break off" or discharge prematurely from the filter panels, before the completion of
a typical vacuum dewatering cycle; this results in a higher-moisture cake material

Due to the above occurrence and the presence of the high-moisture paper sludge, the
filter cake was wetter than normal which required the plant's thermal dryer to
operate at full temperature ranges to properly dry the material.

Like many commercial coal preparation plants, the dewatering equipment at the
demonstration host site was already operating at maximum capacity. The most
significant impact on plant operations was the reduction in plant coal feed tonnage
to compensate for the additional paper sludge volume in the filter. To dewater a
composite coal/biomass fuel commercially, most existing coal preparation plants will
require additional dewatering capacity to process the additional biomass material; a
dry mixing/blending process may be an alternative.

The final "composite fuel” consisted of the coal/paper sludge filter cake product, coarse clean
coal, and low-sulfur ROM coal. A total of 5,100 tons were trucked to the host combustion
test site and stored in a separate stockpile. A baseline fuel (6,400 tons) consisting of 100%
Shade coal was also produced for the combustion test.
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Fuel Characterization
Three fuels were evaluated under the combustion test program:

Baseline Fuel—a blend of clean coal processed at the Shade Plant and low-sulfur
ROM coal.

Normal Stockpile Coal—the coal normally stored and fired at R. Paul Smith Station
(RPS), the majority supplied by local coal producers.

Composite Fuel Blend—a 50/50 blend consisting of: 1) the composite fuel produced
at Shade (coal, pulp mill sludge, and low-sulfur ROM coal), and 2) the normal
stockpile coal fired at RPS.

The three fuels were stored in separate stockpiles at RPS (Figure S-3). The original
combustion test plan involved the comparison of the baseline fuel (i.e., the parent coal for
the composite fuel) to the composite fuel. The testing sequence was to fire the unit with
the baseline fuel, then test with the composite fuel, followed by a re-baseline test. The test
plan had to be revised due to the "fineness" of the coal in the composite fuel, and the
extremely wet conditions encountered during the production, transport, and storage of the
composite fuel. The combination of these two factors made it difficult to handle 100%
composite fuel at RPS. As a result, the composite fuel was blended (50/50) with the
coarser, normal coal supply at RPS. This "composite fuel blend" was then tested and
compared to both the baseline and normal stockpile coals.

Table S-3 presents the fuel characterization analyses for the three test fuels. The composite
fuel blend was slightly higher in moisture content than the baseline and normal coals, but
lower in ash content and higher in heating value. Given that the ash content of the pulp
sludge is very high (35-40 wt%, dry), the lower ash content and higher heating value of the
composite fuel blend indicates that the coal used in producing the composite fuel was of
better quality that that used to produce the baseline fuel.
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Figure S-3 Baseline, Composite, and Normal Fuel Stockpilesat R. Paul Smith Station

For the most part, there is relatively very little difference in the quality parameters for the
three fuels. In many cases, the variability of each quality attribute for the three fuels falls
within ASTM laboratory repeatability and reproducibility intervals for a single fuel. There
is very little difference in the ash mineral composition of the fuels. The composite fuel
blend shows lower silica concentration, while its calcium concentration is somewhat
elevated as compared to the other fuels. This is consistent when firing pulp mill sludge
(wood-based fuel) which contains higher calcium in its ash as compared to coal combustion
ash. The base-acid ratios and consequent slagging factors associated with these three fuels
are not appreciably different.
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Table S-3. Test Fuels Analyses(dry basis except moisture and as noted)

Baseline Normal Composite
Parameter Units Coal Coal Supply Fuel Blend
Moisture W1t% 7.9 7.6 8.7
Volatile Matter Wt% 19.6 20.6 20.7
Fixed Cabon Wt% 65.4 63.4 66.1
Ash Wt% 15.0 16.0 13.2
Sulfur Wt% 0.79 0.96 0.88
Carbon Wt% 75.3 75.0 78.3
Hydrogen W1t% 39 39 41
Nitrogen Wt% 14 15 15
Oxygen W1t% 35 2.6 22
Chlorine Wt% 0.07 0.07 0.07
Heating Value Btu/Lb 13,024 12,765 13,360
Heating Vaue (as-rec'd) Btu/Lb 11,994 11,800 12,203
0, Lbs’MMBtu 121 1.50 132
Hardgrove Grind Index HGI 95 93 99
Trace Metals (coal basis)
Arsenic PPM 8.2 6.7 6.3
Beryllium PPM 12 1.0 0.9
Cadmium PPM 0.3 0.3 0.2
Chromium PPM 26.4 26.0 25.7
Lead PPM 9.7 10.0 8.2
Mercury PPM 0.10 0.07 0.06
Nickel PPM 18.0 19.1 20.0
Selenium PPM 24 3.0 24
Vanadium PPM 29.0 25.7 29.3
Zinc PPM 33.2 28.7 30.8
Ash Mineral Comp
Silicon Dioxide W1t% 54.0 52.2 48.6
Aluminum Oxide W1t% 27.6 26.6 27.6
Ferric Oxide W1t% 2.2 23 20
Titanium Oxide Wt% 12 12 13
Phosphorus Pentoxide W1t% 0.5 0.4 04
Calcium Oxide W1t% 14 13 21
Magnesium Oxide W1t% 0.8 0.7 0.7
Sodium Oxide Wt% 0.03 0.02 0.03
Potassium Oxide Wit% 22 23 20
Sulfur Trioxide W1t% 2.0 24 22

Combustion Testing

The combustion tests were performed at Allegheny Energy Supply's R. Paul Smith
Generating Station Unit No. 4, an 86-MW, (net) capacity, tangentially-fired boiler located
in Williamsport, MD (Figure S-4). This unit consists of a tangentially-fired boiler with
four rows of burners, equipped with a low-NO, firing system, including close-coupled
overfire air (CCOFA) and separated overfire air (SOFA). Typically, this unit fires a
medium-to-low volatile, low-sulfur bituminous coal to generate electricity for the grid. At
full load, the unit typically consumes about 42 tph of coal (1.05 Ib coal per kwh) to
produce 7.8 Ibs of main steam per kWh.
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Figure S-4. Allegheny Energy Supply’s R. Paul Smith Station (Combustion Test Site)

The elements of the test included composite fuel preparation, handling and storage of the
fuel at the power plant, and performance of the total combustion system including
pulverizers, burners, boiler, and air pollution control system. The test program was
designed to provide insights into any long-term supply issues associated with using this
particular composite fuel at R. Paul Smith.

The fine size consist and softness of the test coal in combination with record heavy rains
and the extreme wet conditions encountered during the production and storage of the
composite fuel provided an extreme test of the fuel's handling characteristics. After
attempting to feed the wet composite fuel at 100% into the plant without success, the
project team decided to blend the Composite Fuel with the plant’s normal coarser coal
supply at a percentage of 50% Composite Fuel and 50% normal coal supply. This
“composite fuel blend” was accomplished by alternating loads from the Composite Fuel
stockpile with loads from Smith’s normal stockpile into the power plant’s truck hopper. A
total of 4,698 tons of the composite fuel blend were loaded into the bunker for Unit 4
during the test period.
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The combustion test demonstration was performed over the period August 27 through
September 9, 2003. The testing was conducted at four load conditions:

Full Load (83+ MW, net)

High Load (79 - 80 MW,, net)
Mid Load (60 - 65 MW,, net)
Minimum Load (39 - 43 MW, net)

The test matrix is shown in Table S-4. Test variables selected included load, excess air and
the number of pulverizers (mills) in service. Test durations were typically two to three

hours for each set of conditions.

Table S-4. Combustion Test Conditions at R. Paul Smith

Test No. Fuel Load (MW) Excess O, (%) Millsin Service
1 Basdine 83.8 234 3
2 Basdine 83.2 2.80 3
3 Basdine 39.9 4.27 2
4 Basdine 64.7 2.99 3
5 Basdline 79.8 242 3
6 Basdline 79.5 343 3
7 Basdine 82.7 233 3
8 Basdine 82.2 312 3
9 Basdline 83.0 232 3
10 Normal Stockpile 84.1 2.32 3
11 Normal Sockpile 84.6 2.32 4
12 Normal Stockpile 84.1 3.19 3
13 Normal Stockpile 40.3 4.62 2
14 Normal Stockpile 64.6 3.30 3
15 Normal Stockpile 79.6 2.49 3
16 Normal Stockpile 84.8 281 4
17 Normal Stockpile 85.1 231 3
18 Composite Blend 85.7 231 3
19 Composite Blend 85.7 2.32 4
20 Composite Blend 66.2 2.99 3
21 Composite Blend 79.9 2.49 3
22 Composite Blend 79.3 3.28 3
23 Composite Blend 43.0 414 2
24 Composite Blend 86.0 2.23 3
25 Composite Blend 85.9 2.28 4

The results of the combustion testing are summarized as follows:

Operationally, boiler efficiency and stability were not compromised by the firing of
the composite fuel blend. Load, main steam flow, and excess O, were maintained in
stable fashion during the testing regardless of the fuel being burned. The composite
fuel blend slightly increased boiler efficiency, primarily as a result of its higher
calorific content as compared to the other fuels.
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From an emissions perspective, firing the composite fuel blend did not cause any
excursions beyond Title V regulatory limits, and all emissions were well within
regulatory limits. NO, emissions remained very constant during the entire test
period. SO, emissions (Ibs/yMMBtu) decreased during the baseline and composite
fuel blend tests as a result of the higher heat content and slightly lower sulfur content
of those fuels as compared to the normal stockpile coals at Smith. Opacity increased
slightly with the composite fuel blend, most likely a result of the higher moisture
content of the fuel.

The composite fuel as produced at the Shade coal-cleaning plant contained an
extremely high proportion of fines because the parent coal contained an extremely
high proportion of fines. The composite fuel was produced and combustion-tested
under extremely wet conditions—fuel storage and combustion testing were
performed in September 2003, recorded as the wettest September on record in the
region where the R. Paul Smith Station is located. In spite of these conditions, full
load was obtained by the boiler when firing the composite fuel blend, and testing
was completed without any handling or combustion problems beyond those
typically associated with wet coal.

Economic Assessment

Composite fuel technologies, such as the technology demonstrated under this project,
provides a means to accomplish biomass co-firing with existing fuel handling and
combustion equipment while introducing biomass co-firing as a renewable energy
technology. Renewable portfolio standards for electric generation are being enacted to
varying degrees by numerous states.

Federal and state tax incentives also exist for biomass co-firing. Federal Internal Revenue
Code Section 45 provides an income tax credit based on the production of electricity from
renewable energy sources. The “American Jobs Creation Act of 2004” (HR 4520)
extended the production tax credit expiration date and expanded the list of qualified
resources. “Open-loop” biomass facilities may claim a credit of $9 per megawatt-hour, and
includes the use of any solid, non-hazardous, cellulosic waste material such as mill residues,
waste pallets, and construction wood wastes.

Table S-5 provides an example of the potential fuel cost savings associated with a qualified
biomass co-firing facility burning a composite fuel consisting of 90% coal and 10% biomass
(heat basis) and claiming the federal $9/MWh biomass tax credit. In this example, a 500-
MW coal-fired unit with a heat rate of 9,500 Btu/KWh operates at 90% capacity factor,
firing 12,500 Btu/Ib coal priced at $1.60 per MMBtu. Total annual generation is
3,942,000 megawatt hours. The biomass component of the composite fuel has a heat
content of 6,000 Btu/Ib.
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Table S-5. Effect of Biomass Tax Credit on Electric Generation Fuel Costs

Annual Generation Tax Credit | Effective Fuel Costs
Heat |nput% (1,000 MWh) Annual Fuel Costs ($9/MWh) (reduced by TC)
Cod Biomass Cod Biomass $1,000 $/MMBtu $1,000 $1,000 $/MMBtu
Base 100 0 3,942 0 $59,918 $1.60 - - -
Comp Fuel 90 10 3,548 394 $59,918 $1.60 $3,548 $56,371 $1.51

500 MW Unit @ 90% CF and 9,500 BtwKWh Hest Rate
Coal at 12,500 Btw/lb and $1.60/MMBtu

Biomass Component of Composite Fuel: 6,000 Btu/lb
IRS Section 45 Biomass Tax Credit: $9/MWh

With 10% of the unit’s generation coming from the biomass component of the composite
fuel, a tax credit of $9 per megawatt hour results in a tax savings of $3.55 million.
Applying this savings to fuel costs effectively reduces the price of fuel from $1.60/MMBtu
to $1.51/MMBtu when firing composite fuel. The unit will have to handle additional fuel
tons, as the lower heat content of the biomass component (6,000 Btu/Ib) in the composite
fuel requires that additional tons be fired to achieve the same energy output. In this case,
fuel requirements are increased from 1.5 to 1.66 millions tons per year.

Conclusions
Under contract to the U.S. Department of Energy, CQ Inc. and its industry partners—PBS

Coals, Inc. (Friedens, Pennsylvania), American Fiber Resources (Fairmont, West Virginia),
Allegheny Energy Supply (Williamsport, Maryland), and the Heritage Research Group
(Indianapolis, Indiana)—demonstrated a technology that adds biomass (paper/pulp mill
sludge) to coal to produce a composite fuel with combustion and handling characteristics
acceptable to existing power plant boilers and fuel handling equipment.

The accomplishments and conclusions from this project are as follows:

Biomass samples obtained and analyzed for the project included one sawdust sample
and four paper mill sludge samples. Paper mill sludge quality ranged as follows:
moisture from 49 to 83 percent; dry ash from 35 to 50 percent; dry sulfur from 0.1
to 0.4 percent; and dry heating value from 3,900 to 5,400 Btu/Ib.

A solid fuel mixture of fine-sized coal and paper mill sludge was produced at PBS
Coals’ 350-tph Shade Coal Preparation Plant. Paper sludge was supplied by
American Fiber Resources’ Recycle Paper Mill. The paper sludge was delivered at
60% moisture, re-pulped to a solids content of 10-12 percent, and pumped into the
plant’s fine coal dewatering circuit (vacuum disk filter). The mass split in the fine
coal circuit was about 77 percent fine-sized coal (27 tph) and 23% paper sludge (8

tph).
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Approximately 5,100 tons of composite fuel were produced, consisting of the
coal/paper sludge cake product, coarse clean coal, and a low-sulfur ROM coal. The
paper sludge component of the composite fuel was approximately 5% by weight.

The composite fuel quality differed very slightly from the other coals fired during the
combustion tests, being slightly higher in moisture (8.7% vs. 7.7%) and higher in
heat content (12,200 Btu/lb vs. 11,800 to 12,000 Btu/Ib). Its ash mineral calcium
oxide concentration was higher (2.1% vs. 1.4%), a finding that is consistent when
firing pulp mill sludge which contains higher calcium in its ash as compared to coal
combustion ash.

Full-scale combustion tests were performed at Allegheny Energy Supply’s R. Paul
Smith Generating Station, Unit No. 4 (86 MW,). Test fuels included (1) a baseline
coal as normally supplied by PBS Coal to the Smith Station, (2) the Station’s normal
coal supply stockpile, consisting of coals from multiple local suppliers, and (3) a
50/50 blend of the station’s normal stockpile coal and the composite fuel produced
at Shade (“composite fuel blend”).

A total of 25 tests were performed over a two-week period and at four boiler load
conditions; test data was collected to evaluate plant operational issues such as fuel
handling, boiler efficiency, boiler/flame stability, and emissions.

Boiler efficiency and stability were not compromised by the firing of the composite
fuel blend, as the unit operated in a stable fashion regardless of the fuel being
burned. The composite fuel blend slightly increased boiler efficiency, primarily as a
result of its higher calorific content as compared to the other fuels.

Firing of the composite fuel blend did not have any significant impact on emissions
as compared to the other test coals, and it did not cause any excursions beyond Title
V regulatory limits; all emissions were well within regulatory limits. SO, emissions
decreased during the baseline and composite fuel blend tests as a result of the higher
heat content and slightly lower sulfur content of those fuels as compared to the
normal stockpile coals.

The composite fuel as produced at the Shade Plant contained an extremely high
proportion of fines because the parent coal contained a high proportion of fines.
The composite fuel was produced and combustion-tested under record wet
conditions for the local area. In spite of these conditions, full load was obtained by
the boiler when firing the composite fuel blend, and testing was completed without
any handling or combustion problems beyond those typically associated with wet
coal. Fuel handling and pulverizer performance (mill capacity and outlet
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temperatures) could become greater concerns when firing composite fuels
containing higher percentages of high-moisture biomass materials, like paper sludge
and some wood wastes.

To be a commercially-viable fuel for the utility steam market, a composite fuel
containing biomass must transport, handle, and store like coal; substitute for coal in
existing pulverized-coal and cyclone boilers without major equipment and
operational modifications; result in no increases in emissions (or offer some
reduction); and be cost competitive with coal.

Federal Internal Revenue Code Section 45 provides an income tax credit of $9 per
megawatt-hour for power generators using open-loop biomass to generate
electricity. In one scenario, a 500-MW coal-fired boiler burning a composite fuel
consisting of 90% coal and 10% biomass could claim $3.55 million in tax credits
annually. This would effectively reduce his fuel costs from $1.60 to $1.51 per
MMBtu, as compared to firing 100% coal at $40 per ton and 12,500 Btu/Ib.
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RESULTSAND DISCUSSION

In Phase I, CQ Inc. and its project team identified three fuel formulations with the potential
for widespread commercialization:

Anthracite coal fines and waste plastic
Bituminous coal fines and sewage sludge
Bituminous coal fines, waste sawdust or paper sludge, and bitumen emulsion

For the Phase Il demonstration, it was determined that the third formulation—coal fines,

paper sludge, and bitumen emulsion—had the greatest potential for commercialization and
widespread application. The Phase Il project involved the proof-of-concept (POC) testing

of an innovative method for treating a slurry of coal fines and biomass (e.g., paper sludge)
to produce a dewatered, non-segregating composite fuel mixture with acceptable handling,
combustion, and environmental characteristics.

Parametric testing of the process was first conducted at a 250-500 Ibs/hr scale. A POC
circuit was then installed and tested at a commercial coal preparation plant, treating a feed
rate of approximately 40 tons per hour in the plant’s fine-coal circuit. An extended-run
production test over two operating shifts generated performance and operational data for
scale-up and commercial assessments, and produced 5,000 tons of composite fuel for a full-
scale combustion test at a coal-fired power plant. A technical and economic analysis was
then performed to assess readiness and suitability for long-term commercial application.

Phase Il of the project was completed according to the following major tasks:

Task 2-2. Proof-of-Concept Evaluation

Task 2-3. Fuel Characterization

Task 2-4. Combustion Testing

Task 2-5. Technical and Economic Assessment
Task 2-6. Final Report

Task 2-1 encompassed the project management requirements for the project, including all
contractor responsibilities, project reporting, scheduling, and budgeting requirements,
technical advisory committee input and meetings, technology transfer, and QA/QC
activities. This section summarizes the results of the Phase Il program.
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Task 2-1
PROJECT MANAGEMENT

Objective: Provide a comprehensive, coordinated project planning, scheduling,
budgeting, and reporting effort.

Accomplishments:

Prepared and submitted Statement of Work, Project Management Plan, Milestone
Schedule/Plan, Cost and Labor Plans.

Quarterly management and technical status reports submitted on a timely basis.
Two Technical Advisory Committee meetings held.

Prepared and submitted all required NEPA documents for host site demonstrations.

CQ Inc. had overall management responsibility for the project. Mr. David J. Akers served
as the Project Manager and primary point-of-contact for the Department of Energy,
Technical Advisory Committee members, and other project sponsors. Mr. Glenn A. Shirey,
Project Manager at CQ Inc., served as the task manager for the POC evaluations (Task 2.2)
and combustion testing (Task 2.4), as well as the economic assessment work performed in
Task 2.5. He also served as the point-of-contact for the demonstration host sites, and was
responsible for the preparation of the Final Report and all other reporting requirements
under the DOE Agreement.

The Phase Il program was comprised of six tasks to meet the objectives of the project
efficiently and cost effectively. Task description and duration are shown in Table 1-1. A
detailed work breakdown structure of the project tasks and subtasks is shown in Table 1-2.

Table 1-1. Project Tasks

Task Description Duration (mos.)
21 Project Management 43
2.2 Proof -of -Concept Evaluation 20

2.3 Fudl Characterization
2.4  Combustion Testing

25 Technica and Economic 5
Assessment

2.6 Final Report 3
Total Project 43
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Table1-2. Work Breakdown Structure

Element Description

21 PROJECT MANAGEMENT

21.1 Project Plans

212 NEPA Documentation

2.1.3 Host Site Agreements/Permits

2.1.4 Project Reporting

215 Technical Advisory Committee

22 PROOF -OF -CONCEPT EVALUATION

221 Collect and Analyze Biomass and Coal

222 Pilot Circuit Design, Construction, and Testing
223 POC Circuit Installation and Testing

224 POC Circuit Long-term Production Demonstration
2.3 FUEL CHARACTERIZATION

231 Physical Characterization

232 Chemical Characterization

24 COMBUSTION TESTING

241 Test Matrix

24.2 Data Acquisition

243 Data Analysis

24.4 Combustion Test Report

25 TECHNICAL AND ECONOM I C ASSESSMENT
251 Technical Assessment

252 Economic Assessment

2.6 FINAL REPORT

Project Plans
A Project Management Plan was prepared and submitted to ensure its successful
completion. The plan provided a detailed description of all project activities, including:

Work Breakdown Structure

Project Schedule

Project Organization and Participant Responsibilities
Test Plan Narrative Description

Experimental Procedures

Analytical Methods

Quiality Control/Quality Assurance Procedures
Reporting Guidelines

A Milestone Schedule, Cost Plan, and Labor Plan were also prepared and submitted during
the first month of the project.
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NEPA Documentation

The Department of Energy's National Environmental Policy Act (NEPA) Implementing
Procedures require careful consideration of the potential environmental consequences of all
proposed actions during the early planning stages of the project. DOE must determine
whether such actions requires either an Environmental Assessment or an Environmental
Impact Statement, or whether they qualify for a Categorical Exclusion.

To comply with these requirements, an Environmental Questionnaire was completed for
both field demonstration sites: PBS Coals' Shade Coal Preparation Plant and Allegheny
Energy Supply's R. Paul Smith Station. Information provided by the questionnaire
included:

- Project Summary

- Proposed Project and its Alternatives
- Project Location

- Environmental Impacts

- Regulatory Compliance

In both cases, the project qualified for a NEPA Categorical Exclusion.

Host Site Agreements and Permits

Site access agreements were executed for both demonstration sites to ensure access to the
facilities for the purpose of conducting the field testing program. Copies of the site access
agreements were provided to the DOE COR. All permits and approvals required to store,
process, and burn the composite fuel were obtained by the host site participants.

Project Reporting
WABS 2.1 deliverables were the plans and reports required by DOE's Uniform Reporting
Requirements, including:

Management Plan

Milestone Schedule Plan

Labor Plan

Cost Plan

Status Report (quarterly)

Labor Management Report (quarterly)
Cost Management Report (quarterly)
Property Reports

Draft Final Report

Final Report
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Technical Advisory Committee

A Technical Advisory Committee (TAC) was formed to steer the project, providing
technical review and industry perspective on the work. The committee consisted of
representatives from the coal and electric utility industries, equipment manufacturers and

Representatives from the following organizations served
on the Technical Advisory Committee, providing
technical insights and industry perspective on Phase 11
work:

Allegheny Energy Supply, Monroeville, PA
Cofiring Alternatives, Ebensburg, PA
Dynegy Midwest Generation, Decatur, 1L
Electric Power Research Institute, Palo Alto, CA
Gasification Engineering Corp., Houston, TX
General Bioenergy, Florence, AL

Heritage Research Group, Indianapolis, IN
Magellan Resources Group, Chantilly, VA
Pellet Fuels Institute, Arlington, VA
Shenango Inc., Neville Island, PA

Southern Company Services, Birmingham, AL
US Department of Energy, Pittsburgh, PA

fabricators, fuel technology developers, and
several research organizations. Industry
involvement of this type during the
development stage greatly enhances the
commercialization prospects of
technologies such as those being developed
under this project.

TAC meetings allowed the project team an
opportunity to share the results of the
project tasks with industry representatives,
and provided an opportunity for the
industry representatives to review and
comment on the results, and provide advice
to the project team members for future
work. In fact, the most significant shift in

work scope was a result of TAC discussion and input: replacing pilot-scale combustion
testing with a full-scale combustion test at a 90-MW power plant coal-fired unit. Two TAC
meetings were held during Phase I1. The first TAC meeting was held October 11-12, 2001
at the U.S. Department of Energy's National Energy Technology Laboratory (NETL)
located in Pittsburgh, Pennsylvania. The second meeting was held November 19-20, 2002
at CQ Inc.'s headquarters in Homer City, Pennsylvania.
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Task 2-2
PROOF-OF-CONCEPT EVALUATION

Objective: Define all important process parameters at pilot- and proof-of-concept (POC)
scale, including commercial demonstrations of the production and combustion of the
composite coal/biomass fuel.

Accomplishments:

Collected and analyze samples of biomass (sawdust and paper sludge) and coal for
typical fuel, ash, and combustion properties using industry-standard ASTM analytical
procedures.

Performed bench- and pilot-scale parametric tests in a 500 Ibs/hour continuous-mode
test circuit at DOE's National Energy Technology Laboratory (NETL).

Installed and tested a 10-tph biomass injection system within a 400-tph commercial
coal preparation plant to add paper sludge to the fine coal stream prior to mechanical
dewatering.

Produced 5,000 tons of composite fuel (coal/biomass/asphalt emulsion) for
combustion testing in a 90-MW coal-fired boiler.

This task included the design, construction/installation, and testing of the bench- and POC-
scale circuits. Bench-scale testing involved both sawdust and paper sludge as the biomass
sources in the fuel formulation, with paper sludge selected for POC demonstration.
Emulsion type and dosage were also evaluated at this stage. After process operating
parameters were defined, POC testing was performed at a commercial coal preparation
plant to verify projected operational reliability and flowsheet performance. The POC circuit
produced quantities of the composite coal/biomass fuel required for the full-scale
combustion tests under Task 2.4.

Background

The GranuFlow process was developed by the U.S. Department of Energy as a means to
improve the dewatering and handling properties of fine-sized coal (< 0.5 mm). Initial
work found that the addition of a small amount of binding material (such as a bitumen or
asphalt emulsion) to a slurry of fine-sized coal and water improved filtration rate, reduced
cake moisture, and reduced the dustiness of the dried cake, transforming the cake into a
free-flowing, dustless, granular material with reduced moisture. It was also determined that
the technology could increase the capture of fine coal during the dewatering process, and
improve its resistance to freezing under cold, wet climate conditions.
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Phase | tests indicated that the GranuFlow technology was as effective on sawdust and coal
together as it was on coal alone. Adding an asphalt emulsion at 5% dosage to a slurried
mixture of sawdust (5% by weight) and fine coal (95% by weight) reduced the moisture
content of the "dewatered" composite fuel by about 20 percent when compared to the case
without the emulsion. Other observations included the improved ability of the composite
fuel to shed surface water in less time during the dewatering process and the non-
segregating characteristic of the composite fuel when the emulsion was added. In Task 2.2,
NETL continued their work with sawdust, paper-making sludge, and other biomass
sources, and tested various composite fuel formulations at pilot scale, followed by a full-
scale production demonstration at a commercial coal preparation plant in western
Pennsylvania.

Collect and Analyze Biomass and Coal

This subtask involved the collection and analysis of the fine coal and biomass materials to be
tested throughout the project. Initially, the coal fines for the NETL pilot-scale evaluation
were obtained from the Ginger Hill Synfuels plant located in Washington County,
Pennsylvania, a fine coal recovery facility operated by CQ Energy Partners (a subsidiary of
CQ Inc.). Biomass samples—sawdust, waste plastic, and paper mill sludge—were collected
from industrial and commercial facilities targeted for potential use for the POC
demonstration. Representative samples of each material were obtained according to ASTM
standards, and analyzed for particle size, proximate, ultimate, heating value, ash
composition, and selected trace elements (mercury, selenium, etc.).

The mixed waste plastic sample contained an extremely elevated amount of chlorine (8%),
and was immediately rejected as a potential component of a composite fuel. Most U.S.
bituminous coals have chlorine content well under 0.4%; fuels with chlorine levels greater
than this are a concern due to detrimental boiler impacts (e.g., boiler tube corrosion).

Samples of sawdust (1) and paper mill sludge (4) were obtained from the following
sources:

Cameron's Sawmill, Brush Valley, Pennsylvania

American Fiber Resources' Recycle Paper/Pulp Mill, Fairmont, West Virginia
Appleton Papers' Spring Mill, Roaring Spring, Pennsylvania

Glatfelter Paper Mill, Spring Grove, Pennsylvania

MeadWestvaco Paper Mill, Luke, Maryland

In some cases, samples of various process streams were collected at the paper mills to
evaluate whether some form of beneficiation/separation process could improve the quality
of the paper sludge for fuel utilization. Table 2-1 provides the analyses for the one sawdust
sample and the paper sludge filter cake samples obtained from the four paper mills.
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Table2-1. Biomass Analyses(dry basis except moisture and as noted)

Cameron AFR Appleton* Glatfelter M eadWvaco
Parameter Units Sawdust Paper Sludge Paper Sludge Paper Sludge Paper Sludge
M oisture Wit% 44.6 49.1 62.1 58.9 83.2
Volatile Matter Wt% 87.8 62.1 28.6 59.3 59.4
Fixed Carbon Wit% 114 17 21.9 29 6.0
Ash W1t% 0.7 36.2 495 37.8 34.6
Sulfur Wt% 0.13 0.09 041 0.22 0.40
Carbon Wt% 49.2 27.8 37.1 26.8 31.9
Hydrogen W1t% 6.0 33 16 34 4.2
Nitrogen Wt% 0.2 0.4 0.8 12 11
Oxygen Wt% 43.8 32.3 10.7 30.7 27.7
Heating Value Btu/Lb 8,486 4,207 5,258 3,902 5,397
Hesting Value (as-rec'd) Btu/Lb 4,700 2,141 1,993 1,604 907
0, Lbs'MMBtu 0.31 0.43 1.56 1.13 1.48
Arsenic PPM 22 52.1 89.7 19.3 49.5
Selenium PPM 24 15.6 16.5 13.0 27.8
Mercury PPM 0.06 <0.0005 0.49 0.06 0.70
Ash Mineral Comp
Silicon Dioxide W1t% 25.2 19.2 26.9 18.9 345
Aluminum Oxide Wt% 118 12.4 13.9 134 26.9
Ferric Oxide Wt% 8.3 11 2.8 18 13
Titanium Oxide Wt% 0.6 2.6 0.6 0.8 8.2
Phosphorus Pentoxide Wt% 20 0.2 1.0 0.7 13
Calcium Oxide Wit% 28.6 39.1 384 50.3 226
Magnesium Oxide Wit% 4.7 12 27 2.2 12
Sodium Oxide Wt% 0.6 0.3 0.8 0.7 0.9
Potassium Oxide Wt% 6.1 0.2 13 0.4 0.4
Sulfur Trioxide Wt% 10.0 0.3 22 0.7 17

* Appleton Paper Sludge also contained mill boiler fly ash.

The Appleton paper sludge sample also contains fly ash from the mill's boiler; at this mill,
fly ash is combined with the paper sludge prior to dewatering, and the resultant sludge cake
is fired in the boiler along with coal and waste bark. As a result, this sample was higher in
ash content when compared to the other paper sludge samples, and the unburned carbon in
the fly ash also increased the heat content of the sludge.

Beneficiated coal fines for NETL's pilot-scale testing were obtained from the Ginger Hill
Synfuels (GHS) fine coal processing facility. At this site, fine coal refuse is extracted from a
pond impoundment and cleaned; froth flotation concentrate from a column flotation cell
provided the coal feedstock for NETL's tests. A typical analysis for the dewatered, clean
coal product from this site is shown in Table 2-2.
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Table2-2. GHS Coal Fines Analyses (dry basis except moisture and as noted)

GHS
Parameter Units Coal Fines
Moisture W1t% 195
Volatile Matter W1t% 36.3
Fixed Carbon W1t% 56.8
Ash W1t% 6.9
Sulfur Wt% 1.6
Carbon W1t% 78.4
Hydrogen W1t% 52
Nitrogen W1t% 12
Oxygen Wt% 6.6
Heating Value Btu/Lb 14,088
Heating Vaue (as-rec'd) Btu/Lb 11,335
0, Lbs'MMBtu 23
Arsenic PPM 7.4
Selenium PPM 15
Mercury PPM 0.15
Ash Mineral Comp
Silicon Dioxide W1t% 471
Aluminum Oxide Wt% 20.7
Ferric Oxide Wt% 15.1
Titanium Oxide W1t% 1.0
Phosphorus Pent oxide W1t% 0.1
Calcium Oxide W1t% 5.8
Magnesium Oxide W1t% 11
Sodium Oxide W1t% 0.4
Potassium Oxide Wit% 2.0
Sulfur Trioxide Wt% 74

Most of the early-stage NETL tests were performed with the GHS coal fines and the
Cameron sawdust. Later in the program, additional tests were conducted with the AFR
paper sludge.

NETL Test Facilitiesand Materials

Both bench- and pilot-scale tests were conducted at DOE-NETL'’s Solid Processing
Research Facility. Bench-scale tests were performed using a lab-scale IEC Chemical
Centrifuge. This facility is also equipped with a unique pilot-scale fine coal dewatering
circuit, including a 6-inch diameter screen bowl centrifuge. This circuit was modified to
accommodate methods for adding and mixing the biomass materials into the fine coal
slurry, and then tested for operability.

Continuous pilot-scale testing of the Composite Fuel Process was conducted using a screen-
bowl centrifuge for the dewatering and reconstitution of the composite fuel, consisting of
coal fines and biomass materials (sawdust and paper sludge). For these tests, the fine
coal/biomass slurry was treated with domestic bitumen emulsions that have an appropriate
viscosity for fine coal agglomeration. The bitumen emulsions were added into the slurry
pipeline, and also into a slurry pre-mixing tank. A series of parametric tests were performed
using various emulsion types and quantities to optimize the composite fuel product in terms
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of moisture, handleability, and uniformity. The objective of this subtask was to select a fuel
formulation and obtain technical and operating information for the POC plant
demonstration tests.

L ab-Scale |EC Chemical Centrifuge

This lab-scale centrifuge has seven speeds ranging from 0 to 15,000 rom. There is an 8-
inch horizontal rotating stainless basket with a plastic filter cloth, which applies the
centrifugal force to drive off moisture from the slurry through the cloth and make it more
like a centrifugal filter. A speed setting of 4 (6,500 rpm) was selected for the lab-scale
centrifuge dewatering for 1 minute to provide a consistent product moisture of around 21
W1t%, which compared with the clean-coal product moisture from the screen-bowl
centrifuge at the Ginger Hill Synfuels plant, the supplier of the test coal.

Pilot-Scale Bird Screen Bowl Centrifuge Circuit

The screen bowl centrifuge (Figure 2-1) is
a 6-inch (15.2 cm) x 12-inch (30.5-cm)
Bird centrifuge with:

5-inch (12.7-cm) x 3.75-inch (9.5-
cm) screen section

2-inch (5.1-cm) long beach zone
0.5-inch (1.3-cm) pool depth
2,500 rpm bowl rotation

feed ports 2.75-inch (7-cm) from
the beach zone

35 mesh (425 nm) screen

Figure2-1. NETL Screen Bowl Centrifuge

The pilot circuit is shown in Figure 2-2. A 50-gallon (190 L) feed tank was used with a
Turbon mixer and centrifugal recirculation pump. The coal/biomass slurry was fed to the
centrifuge using a 6-gpm Moyno screw type pump and a Micromotion mass flow meter.
The pump used to inject the emulsions was a 0.1-gpm Viking gear pump which feeds into a
0.5-inch (1.3-cm) x 20-feet (6-m) feed line. The injection point is at the beginning of the
feed line to maximize the mixing of the emulsion with the coal/biomass slurry.

Test Coal

Coal for the batch lab-scale centrifuge dewatering tests was obtained by sampling the screen
bowl centrifuge dewatering product from the Ginger Hill Synfuels' (GHS) waste pond
cleaning plant. The dewatered clean coal was air dried for the lab tests. The coal slurry for
the pilot-scale Bird centrifuge test samples was collected in drums by sampling the GHS
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flotation concentrate stream. A few lots of slurry samples were obtained from the plant at
different times, which might introduce slight differences between the test feeds. In general,
the feed slurry (flotation concentrate) had a solids content between 21% and 25%, with an
ash content between 5% and 7%. The coal had a top size of about 48 mesh (0.3 mm) and
a dry heating value of about 14,088 Btu/Ib.

Figure2-2. NETL Pilot-Scale Screen Bowl Centrifuge Test Circuit

Biomass

Sawdust—Poplar sawdust was collected from the Cameron Sawmill in Pennsylvania in
October 2001, with an average moisture and ash content of 45%, and 0.41%, respectively.
The particle size was about 95% minus US-5 mesh (4.0 mm) and 10 % minus US-35 mesh
(0.5 mm). The as-received heating value was about 4,700 Btu/lb (8,500 Btu/Ib dry).

Paper Mill Waste Sludge—Paper mill waste sludge was collected in October 2001 from
American Fiber Resources' Fairmont (WV) recycle pulp mill before flocculant addition and
dewatering. The moisture and ash content were 97.5% and 36.2% (dry) respectively, with
a dry heating value of 4,200 Btu/Ib.
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Bitumen Emulsion

CCB Emulsion—Cationic coal binder emulsion (CCB) is manufactured by Asphalt
Materials, Inc., Indianapolis (a Heritage Research Group company), and is a complex
mixture of high molecular weight hydrocarbons produced from crude petroleum. It is the
same emulsion successfully tested at a GranuFlow demonstration test at the Ginger Hill
Synfuels waste pond coal recovery facility in April 2000. During the tests, the CCB
emulsion was added into the centrifuge slurry feed line with no centrifuge screen-plugging
problem after testing; this was consistent with the Ginger Hill test results.

ES Emulsion—Enviroseal (ES) emulsion is 100% organic and is comprised of tall oil pitch,
which is a distillation product of crude tall oil. Tall oil is a mixture of resins and fatty acids,
and is produced from cooking paper pulp with a strong acid. ES emulsion is primarily used
for coal stockpile sealing, binding, and dust control.

NETL Test Resultsand Discussion

Preliminary batch lab-scale centrifuge dewatering tests were performed on coal slurry with
emulsion addition, with and without sized sawdust and paper mill fiber. The results
indicated that the GranuFlow process provided additional moisture reduction with biomass
added to the coal, and that a centrifuge could be a cost-effective dewatering device to
produce a dryer biomass/coal product for improved material transport, handling, and
storage. Pilot-scale tests with the six-inch screen bowl circuit were also performed;
however, test results were inconclusive and attributed to the age and instability of the
emulsion products. A complete report documenting NETL’s bench- and pilot-scale testing
is included in Appendix A; this section summarizes those results.

A series of seven bench-scale tests were conducted to evaluate the GranuFlow impacts on
dewatering performance with various combinations of feedstocks (coal, sawdust, and paper
sludge) and additives (asphalt emulsions, fuel oil, soybean oil, etc.). Table 2-3 summarizes
these tests with regard to key objectives and variables.
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Table2-3. NETL Bench-Scale GranuFlow Tests

Biomass
Test Series Ratio, Wt% Key Variables* Results/Comments
BM3BM4 Sawdust CCB dosage Oven or air dried sawdust made no difference on
10% Drying methods moisture & dust reduction. With ahigher CCB dosage,
the dewatered & agglomerated coal/biomass mixture
showed better results than without.
BMYBM8 Sawdust CCB dosage CCB provided major moisture & dust index reduction;
10% Soy oil dosage minor improvement with soy oil.
BM&BM9 Sawdust CCB dosage CCB provided major moisture & dust index reduction;
10% #2/#6 fuel oil dosage | minor improvement with #2 & #6 fuel ails.
BM7 Sawdust CCB dosage No significant dewatering improvements with any
100% #2/#6 fuel oil dosage | additive when applied to 100% sawdust.
BM10/BM11 | Paper sludge | CCB dosage High-ash (36%) paper sludge clogged the centrifuge
0-25% cloth; resultsinconclusive.
BM13 Sawdust CCB dosage No significant dewatering improvements with any
100% DAHC dosage additive when applied to 100% sawdust; cationic
surfactant did not affect dewatering performance.
BM14 Sawdust CCB dosage The ES emulsion provided improved dewatering
10-40% ES dosage performance as compared to CCB. At 2% dosage, ES
resulted in 4% more moisture reduction than CCB. ES
at 2% dosage achieved similar dewatering performance
compared to CCB at 8% dosage.
* Additives:

CCB — Cdionic Coal Binder Asphat Emulsion (Asphalt Materials, Inc.)

ES—Tall Oil Pitch (Enviroseal)

DAHC - Dodecylamine Hydrochloride Surfactant

The Enviroseal (ES) emulsion achieved improved dewatering results for the coal/sawdust
composite fuel formulation. The centrifuge cake moisture for a mixture of 90% coal and
10% sawdust was almost 23 wt%. Adding the ES emulsion at a dosage of 2.0 wt%
reduced the cake moisture to about 17.5 wt% (—23% reduction). Cake moisture was only
reduced to 21.5 wt% with 2.0% CCB emulsion. As shown in Figure 2-3, the ES emulsion
at a dosage of 2.0% achieved similar dewatering benefits to that achieved by the CCB
emulsion at 8.0% dosage.

Product Moisture, wt.%

25 F
” F —&— CCB Emulsion —#— ES Emulsion
23 né
- :\ \
i \ \\
20 f \
19 ; \ \
18 E
E \s\ \o
17 \E\
16
15 1 1 1 1 1
0 2 4 6 8
Emulsion Dosage,wt.%

Figure2-3. Bench-Scale Centrifuge Dewatering Results—90% Coal/10% Sawdust
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Figure 2-4 summarizes the test results with the proportion of sawdust in the coal/sawdust
mix varied as follows: 0%, 10%, 20%, 40%, and 100%. The ES emulsion was added to
the mix at a dosage of 2.0 wt%. The GranuFlow process was effective in reducing the
coal/sawdust cake moisture with 10% to 40% sawdust in the mix. At 10% sawdust, cake
moisture was reduced from 23 wt% to about 17 wt%. At 20% sawdust, the cake moisture
was reduced from about 25 wt% to 20-21 wt%. At 40% sawdust, a moisture reduction
was still achieved, but the difference was only a moisture point or two.

Tests were also performed to determine if surfactants could improve the dewatering
capability of the GranuFlow process by reducing the hydrophilic nature of the biomass
component in a coal/biomass fuel blend. Fuel oil, soy oil, and dodecylamine hydrochloride
(DAHC) were tested, and the results indicated that only very minor moisture and dust
reductions were achieved beyond that achieved when only the emulsion was added.

55

/'
50 — —@—Es(0%)

—m—Es(2%)
—&—ES(2%)+CCB(4%)
45 — —*—Sawdust As Received

40

35

J A

20

Product Moisture Content, wt. %

15 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100

Sawdust Content in Coal/Biomass Slurry, wt. %

Figure2-4. Bench-Scale Centrifuge Dewatering Results—Moisture
Reduction at Various Coal/Sawdust Mix Blends

Commercial POC Circuit Installation and Testing

This task involved (1) the design of a commercial materials-processing circuit to add wet
biomass (paper sludge) to a fine coal dewatering circuit, (2) sourcing of the biomass, (3)
shakedown testing of the biomass injection circuit at CQ Inc.'s test plant facility, (4)
installation of the biomass injection circuit at a commercial coal-cleaning plant, (5) testing
to evaluate the impacts of the process on commercial plant operations and final product
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characteristics, and (6) production of the composite fuel in sufficient quantity to perform
full-scale combustion testing at a commercial coal-fired power plant.

The POC demonstration host sites and raw material suppliers are identified below:

- PBS Coals' Shade Coal Preparation Plant, Central City, PA
-- Coal Supplier and Composite Fuel Production Site

- American Fiber Resources' Recycled Fiber Pulp Mill, Fairmont, WV
-- Paper Sludge Supplier

- Heritage Research Group, Indianapolis, IN
-- Emulsion Supplier

- Allegheny Energy Supply's R. Paul Smith Station, Williamsport, MD
-- Composite Fuel Combustion Test Site

Composite Fuel POC Circuit Design and I nstallation

The paper sludge mixing/addition circuit was initially assembled and tested at CQ Inc.'s test
facility (see schematic to right). The circuit consists of two mixing sumps equipped with
dual-prop lightnin mixers and two
diesel-powered 6" centrifugal slurry
pumps; each sump is equipped with a
recirculation line coming off the
discharge from their respective pumps.
The paper sludge is loaded into the
smaller 500-gal sump where 200-225
gpm water is added to re-pulp the
sludge (typically received at 55 wt%

moisture) to a solids content of 10-15
wt%. The slurried sludge is then TCM Meodl 05 el Mixing 1100gal Cleagi
J e ot & e et

pumped into a larger 1,100 mix sump
for additional mixing and, eventually,
pumped into the coal cleaning plant Figure2-5. Paper Sludge Addition Circuit

and mixed with fine clean coal and the

emulsion just upstream of the vacuum filter. At the production demonstration site, the re-
pulped sludge will be pumped into the cleaning plant at a rate of approximately 250 gpm at
16% solids.

The shakedown test at CQ Inc. was performed with about 10 tons of paper sludge. A
TCM wheel loader was used to load the sludge into the 500-gal sump; process water was
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added to the sump to re-pulp the sludge. Varying amounts of sludge were added to the
sump, re-pulped and pumped to the larger charging sump, and mixed to evaluate pump-
able solids loading and transfer. From these tests, it was determined that the circuit could
comfortably handle and pump paper sludge slurry up to 16 wt% solids.

A "Site Access Agreement" was executed with PBS Coals, Inc., for the demonstration of the
composite fuel production process at its Shade Coal Preparation Plant (Figure 2-6) located
in Somerset County, PA. This facility processes ROM coal (Northern Appalachian) at a
rate of about 400 tph, producing about 2,000 tons of clean coal per shift for the steam
market. The plant flowsheet consists of a heavy-media bath, heavy-media cyclones,
hydrocyclones, and spirals. Centrifuges, a vacuum disk filter, and a thermal dryer are used
to dewater/dry the clean coal. This facility produces a low-sulfur coal required to meet the
sulfur specification at the combustion test site (R. Paul Smith Station).

A flowsheet (Figure 2-7) and mass balance were developed to integrate the paper sludge
addition circuit into the existing fine-coal circuit at the Shade Coal Preparation Plant. In
normal operations, the vacuum filter dewaters clean coal from a spiral circuit and clean coal
thickener. At a typical plant feed rate of 350 tph, the vacuum filter receives 50 tph (350
gpm @ 45%-50% solids) from the spiral clean coal & middlings, and 30 tph (300 gpm @
35% solids) from the thickener underflow. Total flow to the filter is about 80 tph (650
gpm, 40% solids). The spirals feed directly into the filter, while the thickener underflow is
routed through a small tank, treated with floc, and then fed to the filter.

Figure2-6. PBS Coals' Shade Coal Preparation Plant
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As shown in Figure 2-8, the paper sludge addition equipment was installed outside the
plant, consisting of the two mix/charging tanks (500 and 1,100 gallons, respectively), diesel
slurry pumps, re-circulating lines, and associated valving. A small loader was used to load
the paper sludge from the day stockpile to the smaller tank, where water was added to re-
pulp the sludge to a solids content of about 10 - 15 wt%. The slurry was then pumped to
the larger tank for further mixing, and then pumped into the plant at a rate of about 250
gpm (8 to 10 tph). Inside the plant, the sludge slurry entered the vacuum filter feed tank
(Figure 2-9), where it combined with a thickener underflow stream (330 gpm, 32% solids,
30 tph). The combined streams then gravity-flowed to the vacuum filter to be dewatered,
along with other coarser coal streams from the plant's coal-cleaning spiral circuit.

To test the circuit, paper sludge was added to the plant's fine coal dewatering circuit over a
four-hour period, and grab samples were collected from the vacuum filter cake collection
belt under two conditions: 1) 100 wt% coal and 2) 80 wt% coal and 20 wt% paper sludge.
The asphalt emulsion was not added during this test. The set-up test was performed
without incident, and plans were made to go ahead with the long-term production

demonstration.
- - - “

y .
o

Figure2-8. Paper Sludge Addition Equipment Figure2-9. Paper Sludge Added to Filter Feed Tank
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Composite Fuel POC Circuit L ong-Term Production Demonstr ation

Long-term demonstration of the composite fuel production process occurred over two 12-
hour operating shifts in August 2003. Paper pulp sludge (11 truckloads at nominally 20
tons per truckload) was delivered to the Shade demonstration site from American Fiber
Resources' recycled fiber pulp mill (Fairmont, WV) early in the morning on the first day of
the production demonstration. Additional truckloads were delivered on the 2™ day of the
demonstration. Total sludge delivered for the production demonstration was 270 tons.

Figure2-10. Paper Sludge Supplier — American Fiber Resour ces, Fairmont, West Virginia

AFR's pulp mill (Figure 2-10) recycles mixed office wastepaper to produce printing and
writing grade de-inked pulp. The mill produces about 200,000 tons of pulp annually and
generates 500 tons of paper sludge per day; the sludge pulp is dewatered via belt presses to
a moisture content of 55 to 60 wt% and typically disposed for surface coal mine
reclamation. The quality of the paper sludge is summarized Table 2-4.

Table 2-4. AFR Paper Sludge Analysis (August 2003)

As Received Dry Basis
Moisture, Wt% 59.8 --
Volatile Matter, Wt% 23.2 57.7
Fixed Carbon, Wt% 10 25
Ash, W% 16.0 39.8
Sulfur, Wt% 0.02 0.06
Heating Vaue, Btu/lb 1,583 3,942
O, IbsMMBtu 0.30

The CCB emulsion was supplied by Heritage Research Group and delivered to the test site
in a 5,000-gallon tanker truck. During the test period, the tanker was parked immediately
adjacent to the plant (Figure 2-11), and the emulsion fed into the plant via a skid-mounted
metering pump (Figure 2-12). The emulsion was pumped into the discharge line of the
vacuum filter feed tank (Figure 2-13) at dosages of 1.0 and 2.0 wt% (approximately 1.4 to
2.8 gpm), treating the combined slurry of fine coal and paper sludge prior to dewatering.
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Figure2-11. Asphalt Emulsion Supply Tanker

Emulsion Supply Hose ===
1 w |
4 i

Filter Feed Tank

Figure2-12. Emulsion Metering Pump Figure2-13. Emulsion Injection Point
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During the production demonstration, it was necessary to reduce the coal flow to the
vacuum filter to provide the additional capacity required to process the paper sludge. The
vacuum filter operates at maximum capacity under normal operating conditions. Therefore,
ROM coal feed to the plant was reduced from 350 tph to 250-275 tph. In addition, clean
coal from two of the plant's five spirals (normally dewatered via the vacuum filter) was
diverted to a dewatering screen to ensure adequate filter capacity for the additional paper
sludge. The resultant filter cake product consisted of approximately 80% coal and 20%
paper sludge; after this material was mixed in with the plant's coarse clean coal and blended
with a low-sulfur ROM coal to meet the power plant's sulfur specification, the paper sludge
component was approximated at about 5% of the total fuel product as shipped to the power
plant combustion test site.

The test program was carried out according to the test matrix shown in Table 2-5. Baseline
and re-baseline tests—in which no emulsion was added—were performed both before and
after the emulsion tests to confirm that plant operating conditions remained consistent
during the shift so that any impacts on vacuum filter performance and product quality could
be attributed to the presence of the emulsion. The production runs occurred over two 12-
hour shifts. During production shift No. 1 (August 11, 2003), the vacuum filter cake and
thermal dryer product were sampled for each of the five test periods and analyzed for
moisture, ash, sulfur, heating value (btu/Ib), and size consist. Test measurements included
flow rate (gpm) and slurry specific gravity for the fine coal stream (thickener underflow)
and paper sludge slurry. The emulsion flow rate was also monitored during the shift. For
production shift No. 2 (August 18, 2003), the same test measurements were recorded,
although no samples were collected.

Table 2-5. Long-Term Composite Fuel Production Test Matrix

Date Emulsion
(2003) Test Condition Hour Coal Sudge Emulson  Dose, wt%
8/11 1 Codl Basdline (Setup) 010 Y N N --

2 Cod/Sludge Basdline 1.0-35 Y Y N --

3 Cod/Sludge/Emulsion 3.56.5 Y Y Y 1.0

4 Cod/Sludge/Emulsion 6.59.5 Y Y Y 2.0

5 Coal/Sludge Re-basdine 9.512.0 Y Y N --
8/18 Setup 0-1.0 Y Y N -

1 Coad/Sudge Basdline 1.035 Y Y N --

2 Coal/Sludge/Emulsion 3595 Y Y Y 1.0/2.0

3 Coal/Sludge Re-basdline 9.512.0 Y Y N --

For production shift No. 1, no paper sludge or emulsion was added during the first hour of
testing (Test 1) to establish a baseline with 100% coal. Tests 2 and 5 were performed to
establish a baseline/re-baseline with coal and paper sludge (no emulsion), and tests 3 and 4
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included both coal and paper sludge with the emulsion added (at dosages of 1% and 2%,
respectively).

Volumetric flow rates and pulp density measurements were made continuously during the
test periods for both the fine coal and paper sludge streams. Table 2-6 provides typical
values for these streams as well as the combined coal/paper sludge stream, including
solids/slurry specific gravity (SG), slurry GPM, solids TPH, and percent solids. Based on
those measurements and the desired emulsion dosages, emulsion flow rate was also
calculated.

Table 2-6. Typical Fine Coal and Paper Sludge M ass Balance M easurements

Fine Coal Paper Sudge Total Slurry
Solids SG 1.50 1.70 154
Slurry SG 112 1.05 1.09
Slurry Flow, GPM 300 270 570
Solids Flow, TPH 27.0 8.2 35.2
Percent Solids 321 11.6 22.7
Emulsion, GPM (Dosage @ 1%) 14
Emulsion, GPM (Dosage @ 2%) 2.8

The filter cake analyses are shown in Table 2-7. As expected, the moisture content of the
filter cake increased when adding the paper sludge to the filter feed (the paper sludge was
delivered from the paper mill at a moisture content of about 60 wt%). The filter cake
moisture with 100% coal was about 24%, which increased to 30-35% after the paper
sludge was added. Also expected, the addition of the paper sludge increased the filter cake's
ash content and reduced its heating value, while increasing its volatile matter and reducing
sulfur content and SO, emissions potential. It's evident from the samples taken during tests
2 and 5 (same test conditions, no emulsion being added) and the increased ash content of
the filter cake in Test 5, that the percentage of paper sludge in the vacuum filter feed was
greater in Test 5 than it was for Test 2; this was due to some fluctuation in the sludge slurry
and clean-coal thickener underflow pumping rates to control level in the vacuum filter.

Table2-7. Shade Vacuum Filter Cake Analyses (Test Shift No. 1, August 2003)

Emulsion As- Dry
Sludge Dose, Moisture Dry Ash  Dry Sulf Recd Dry SO, VM

Test (On/Off)  (Wt%) (W1t%) (W1t%) (W1t%) Btu/lb Btwlb  IbssMMBtu (Wt%)
1 Off Off 23.6 10.8 1.26 10,649 13,945 181 18.0
2 On Off 30.1 139 1.07 9,339 13,357 1.60 20.3
3 On 1.0% 29.9 125 113 9,537 13,597 1.66 21.2
4 On 2.0% 33.2 13.6 112 8,919 13,343 1.68 219
5 On Off 35.4 15.2 110 8,312 12,863 171 23.3

The particle size distribution of the vacuum filter cake product was determined to evaluate
the "agglomerating" impact of the emulsion, i.e., does the emulsion cause smaller coal
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particles to agglomerate, producing larger particles? In theory, particle agglomeration will
increase particle size and, therefore, increase the recovery of the fine coal as it passes
through the dewatering process. The filter cake sample from each test was sized at 150
mesh (0.106mm) and 325 mesh (0.045mm), with the results plotted in Figure 2-14.

95.0
90.0
85.0
80.0
75.0 O Wit% > 150M
70.0 W1t% > 325M
65.0
60.0
55.0
50.0 T T

0 1.0 20

Emulsion Dosage, Wt%

Percent Retained, Wt%

Figure2-14. Emulsion Dosage vs. Filter Cake Particle Size

With no emulsion added (average of tests 2 and 5), the +150 mesh and +325 mesh
material in the filter cake were about 65 wt% and 75 wt%, respectively. With emulsion
added at a dosage of 1.0 wt% (based on dry solids), the filter cake was coarser in size
consist, with the +150 mesh at 75 wt% and the +325 mesh at 90 wt%. With the emulsion
dosage increased to 2.0 wt%, the size consist was very similar to the 1.0 wt% dosage test.
Additional recovery of the fine coal/paper sludge cake due to agglomeration would be more
readily apparent in a plant using screen-bow! centrifuges, as compared to the demonstration
plant which uses a vacuum filter for fine coal dewatering.

Other observations noted during the production demonstration included:

Paper sludge delivered to the test site as belt press filter cake (60% moisture) could
be re-pulped and pumped into the coal preparation plant's fine coal dewatering
circuit at a solids content of 10-12 wt%.

The paper sludge appeared to be well mixed and commingled with the coal as the
materials exited the vacuum filter; segregation of the materials was not observed as
the filter cake was transferred from the vacuum filter to the plant's clean-coal
conveying system.
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Adding the re-pulped paper sludge to the vacuum filter feed did not have any
detrimental operating impacts on the filter or thickener; longer duration tests (weeks
up to months) would be required to confirm these findings. The cake was observed
to "break off" or discharge prematurely from the filter panels, before the completion
of a typical vacuum dewatering cycle; this results in a higher-moisture cake material

Due to the above occurrence and the presence of the high-moisture paper sludge, the
filter cake was wetter than normal which required the plant's thermal dryer to
operate at full temperature ranges to properly dry the material.

Like many commercial coal preparation plants, the dewatering equipment at the
demonstration host site was already operating at maximum capacity. The most
significant impact on plant operations was the reduction in coal feed tonnage to
compensate for the paper sludge volume to the filter. To dewater a composite
coal/biomass fuel commercially, most existing coal preparation plants will require
additional dewatering capacity to process the additional biomass material; a dry
mixing/blending process may be an alternative.

The final "composite fuel” consisted of the coal/paper sludge filter cake product, coarse clean
coal, and low-sulfur ROM coal. A total of 5,100 tons were trucked to the host combustion
test site (R. Paul Smith Station) in August 2003 and stored in a separate stockpile. A
baseline fuel (6,400 tons) consisting of 100% coal was produced at the Shade Plant in
March 2003, shipped, and stored in another stockpile at the Smith Station. Combustion
testing (Task 2.4) was performed in August/September 2003 to evaluate the handling,
combustion, and emission effects of the composite fuel, and to compare its performance to
that with the station firing 100% coal.
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Task 2-3
FUEL CHARACTERIZATION

Objective: To characterize the composite biomass/coal fuel blend produced during the
long-term POC production test for typical industry fuel, ash, combustion, and physical
properties using industry-standard ASTM analytical procedures.

Accomplishments:

Collected and analyzed samples of the fuels produced at the production demonstration
site (Shade Plant) and fired at the R. Paul Smith Station during full-scale combustion
testing.

Fuels evaluated included: 1) Baseline Fuel—100% Shade coal; 2) Coal Pile—normal
R. Paul Smith coal supply; and 3) Composite Fuel Blend—a 50/50 blend of the
Composite Biomass/Coal Fuel produced at Shade and the normal Smith coal supply.

Fuel samples analyzed for proximate, ultimate, heating value, ash mineral composition,
and selected trace metals.

Two fuels were produced at PBS Coals' Shade Coal Preparation Plant for the power plant
combustion test program: 1) a baseline fuel consisting of 100% coal, produced at the
Shade Plant and delivered to the R. Paul Smith (RPS) Station in March 2003, and 2) a
composite fuel consisting of pulp/paper mill sludge and coal produced at the Shade Plant
and delivered to RPS in August 2003. In addition, a 3™ fuel—the normal stockpile coal at
RPS—was included in the combustion test program. These fuels, as well as the individual
components of the composite fuel, were analyzed for typical industry combustion and
emission properties, including proximate, ultimate, ash mineral composition, and trace
metal analyses.

Composite Fuel Components

The composite fuel as shipped to the combustion test site consisted of coal (approximately
95 wt%), pulp mill sludge (5 wt%), and a very minimal amount of bitumen emulsion (<
0.05 wt%) added during the production process. Table 3-1 summarizes ASTM chemical
and combustion analyses for each of the three composite fuel components; analyses of the
pulp sludge and CCB emulsion are for the respective raw materials used to produce the
composite fuel, while the coal analyses is representative of the Shade coal typically supplied
to RPS.
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Table 3-1. Composite Fuel - Raw Component Analyses (dry basis except moisture and as noted)

Shade AFR CCB
Parameter Units Coal* Pulp Sludge Emulsion
Moisture Wt% 7.9 51.1 38.8
Volatile Matter W1t% 19.6 61.0 99.98
Fixed Carbon W1t% 65.4 25 NA
Ash W1t% 15.0 36.5 0.02
Sulfur W1t% 0.79 0.04 143
Carbon Wit% 75.3 27.4 83.8
Hydrogen W1t% 39 4.6 105
Nitrogen Wt% 14 0.3 0.02
Oxygen W1t% 35 311 3.2
Chlorine Wit% 0.07 0.05 0.004
Heating Value Btu/Lb 13,024 3,716 17,126
Hesting Value (as-rec'd) Btu/Lb 11,994 1,816 10,481
0, Lbs'MMBtu 1.21 0.22 1.67
Trace Metals
Arsenic PPM 8.2 451 <04
Beryllium PPM 12 <0.04 ND
Cadmium PPM 0.3 0.05 <0.02
Chromium PPM 26.4 259 0.05
Lead PPM 9.7 14.2 <0.2
Mercury PPM 0.10 0.07 <01
Nickel PPM 18.0 28.5 0.7
Selenium PPM 2.4 15.6 ND
Vanadium PPM 29.0 <10 11.0
Zinc PPM 33.2 ND 17
Ash Mineral Comp
Silicon Dioxide Wit% 54.0 19.2 NA
Aluminum Oxide W1t% 27.6 12.4 NA
Ferric Oxide Wt% 2.2 11 NA
Titanium Oxide W1t% 1.2 2.6 NA
Phosphorus Pentoxide W1t% 0.5 0.2 NA
Calcium Oxide W1t% 14 39.1 NA
Magnesium Oxide W1t% 0.8 12 NA
Sodium Oxide Wit% 0.03 0.3 NA
Potassium Oxide Wit% 2.2 0.2 NA
Sulfur Trioxide W1t% 2.0 0.3 NA

* Coal is a blend of cleaned and ROM coals to meet customer specifications.

The CCB emulsion is much higher in volatile matter content than the baseline coal, and its
ash content very minimal (0.02 wt%). Its sulfur content is somewhat higher (1.4 vs. 0.8
wt%), although still well within the range of most Eastern Appalachian bituminous coals.
The emulsion is also consistently lower in trace metals concentration than the baseline coal.
However, due to the very low dosage (on total composite fuel basis) and quantity of CCB
emulsion used during the composite fuel production demonstration—including times when
no emulsion was added—the contribution of the emulsion to the overall quality of the
composite fuel is negligible.

The moisture of the pulp mill sludge as delivered to the production demonstration site was
in the 55 to 60 wt% range. The sludge was re-pulped before feeding it into the plant's
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dewatering circuit, and then dewatered along with the coal via a vacuum disk filter and
thermal dryer (thermal dryer product moistures ranged from 7 to 10 wt%). With a volatile
content of about 60 wt% (dry), the sludge component increases the volatility of the
composite fuel, especially in this case where the baseline coal's volatile matter content is less
than 20 wt%. The sludge has very low sulfur content (< 0.1 wt%, 0.2 Ibs SO,/ MMBtu),
although also significantly lower in heating value when compared to coal; the net effect
would be some reduction in SO, emissions when firing the composite fuel. The ash mineral
composition data shows that the pulp sludge is lower in silica and alumina concentration
and much higher in calcium concentration than the coal; this is expected given that the
sludge is a wood-based fuel. Chlorine and mercury levels were slightly lower in the sludge
as compared to the baseline coal.

Combustion Test Fuels Analyses
Three fuels were evaluated under the combustion test program:

Baseline Fuel—a blend of clean coal processed at the Shade Plant and low-sulfur
ROM coal, generated at the Shade Plant and delivered to RPS in March 2003.

Normal Stockpile Coal—the coal normally stored and fired at RPS, the majority
supplied by local coal producers.

Composite Fuel Blend—a 50/50 blend consisting of: 1) the composite fuel produced
at Shade (coal, pulp mill sludge, and low-sulfur ROM coal), and 2) the normal
stockpile coal fired at RPS.

The three fuels were stored in separate stockpiles at RPS (Figure 3-1). The original
combustion test plan involved the comparison of the baseline fuel (i.e., the parent coal for
the composite fuel) to the composite fuel. The testing sequence was to fire the unit with
the baseline fuel, then test with the composite fuel, followed by a re-baseline test. The test
plan had to be revised due to "fineness" of the coal in the composite fuel, and the extremely
wet conditions encountered during the production, transport, and storage of the composite
fuel. The combination of these two factors made it difficult to handle the composite fuel at
RPS. As a result, the composite fuel was blended (50/50) with the coarser, normal coal
supply at RPS. This "composite fuel blend" was then tested and compared to both the
baseline and normal stockpile coals.

Characterization of the fuels involved proximate, ultimate, ash elemental, trace metals, and
higher heating value (HHV) analyses. During each test condition period (usually 2-3
hours), grab samples were obtained from the coal feeders and composited to represent the
test fuel for that test day. All sample analyses were performed by Allegheny Energy
Supply's fuel laboratory located in Greensburg, Pennsylvania.
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Figure3-1. Baseline, Composite, and Normal Fuel Stockpilesat R. Paul Smith Station

Table 3-2 presents the fuel characterization analyses for the three test fuels. The composite
fuel blend was slightly higher in moisture content than the baseline and normal coals, but
lower in ash content and higher in heating value. Given that the ash content of the pulp
sludge is very high (35-40 wt%, dry), the lower ash content and higher heating value of the
composite fuel blend indicates that the coal used in producing the composite fuel was of
better quality that that used to produce the baseline fuel.

For the most part, there is relatively very little difference in the quality parameters for the
three fuels. In many cases, the variability of each quality attribute for the three fuels falls
within ASTM laboratory repeatability and reproducibility intervals for a single fuel. There
is very little difference in the ash mineral composition of the fuels. The composite fuel
blend shows lower silica concentration, while its calcium concentration is somewhat
elevated as compared to the other fuels. This is consistent when firing pulp mill sludge
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(wood-based fuel) which contains higher calcium in its ash as compared to coal combustion
ash. The base-acid ratios and consequent slagging factors associated with these three fuels
are not appreciably different.

The trace metal concentrations are presented on a “whole fuel” basis. Again, there is very
little difference in trace metals concentration for the three fuels. On a relative basis, the
mercury content of the composite fuel is 15%-40% less than the two 100%-coal fuels,
which is consistent with the lower mercury content of the pulp sludge; however, in all cases,
the mercury content of the fuels was measured at 0.1 ppm or less.

Table 3-2. Test Fuels Analyses(dry basis except moisture and as noted)

Baseline Normal Composite
Parameter Units Coal Coal Supply Fuel Blend
Moisture W1t% 7.9 7.6 8.7
Volatile Matter Wit% 19.6 20.6 20.7
Fixed Carbon Wit% 65.4 63.4 66.1
Ash W1t% 15.0 16.0 13.2
Sulfur W1t% 0.79 0.96 0.88
Carbon Wit% 75.3 75.0 78.3
Hydrogen W1t% 39 39 41
Nitrogen W1t% 14 15 15
Oxygen Wt% 35 2.6 22
Chlorine Wit% 0.07 0.07 0.07
Heating Value Btu/Lb 13,024 12,765 13,360
Heating Value (as-rec'd) Btu/Lb 11,994 11,800 12,203
0, Lbs'MMBtu 1.21 1.50 1.32
Hardgrove Grind Index HGI 95 93 99
Trace Metas (coal basis)
Arsenic PPM 8.2 6.7 6.3
Beryllium PPM 12 1.0 0.9
Cadmium PPM 0.3 0.3 0.2
Chromium PPM 26.4 26.0 25.7
Lead PPM 9.7 10.0 8.2
Mercury PPM 0.10 0.07 0.06
Nickel PPM 18.0 19.1 20.0
Selenium PPM 24 3.0 24
Vanadium PPM 29.0 25.7 29.3
Zinc PPM 33.2 28.7 30.8
Ash Mineral Comp
Silicon Dioxide W1t% 54.0 52.2 48.6
Aluminum Oxide W1t% 27.6 26.6 27.6
Ferric Oxide W1t% 2.2 2.3 2.0
Titanium Oxide Wit% 12 12 13
Phosphorus Pentoxide W1t% 0.5 0.4 04
Calcium Oxide W1t% 1.4 1.3 2.1
Magnesium Oxide W1t% 0.8 0.7 0.7
Sodium Oxide W1t% 0.03 0.02 0.03
Potassium Oxide Wt% 2.2 2.3 2.0
Sulfur Trioxide W1t% 2.0 24 2.2
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Task 2-4
COMBUSTION TESTING

Objective: Perform full-scale combustion tests at a commercial coal-fired power plant to
evaluate the fuel handling, combustion, and emission properties of a composite fuel
consisting of coal and biomass (paper sludge).

Accomplishments:

Performed 25 tests over a two-week period at Allegheny Energy Supply’s R. Paul
Smith Generating Station, Unit #4 (86 MW,).

Test fuels included (1) the baseline PBS Coal, (2) the Station’s normal coal supply
stockpile, and (3) a 50/50 blend of the normal stockpile coal and the composite
coal/paper sludge fuel produced at the PBS Shade Plant (Task 2-2).

Testing was performed at four boiler load conditions, and data was collected to
evaluate plant operational issues including fuel handling, boiler efficiency, boiler/flame
stability, and emissions.

Despite extremely wet conditions, the composite fuel as blended with the station’s
normal coal supply was successfully fired without any detrimental impacts on boiler
efficiency, stability, or plant emissions.

Combustion Test Site

The combustion tests were performed at Allegheny Energy Supply's R. Paul Smith
Generating Station Unit No. 4, an 86-MW, (net) capacity, tangentially-fired boiler located
in Williamsport, MD (Figure 4-1). This unit consists of a tangentially-fired boiler with
four rows of burners, equipped with a low-NO, firing system, including close-coupled
overfire air (CCOFA) and separated overfire air (SOFA). Typically, this unit fires a
medium-to-low volatile, low-sulfur bituminous coal to generate electricity for the grid. At
full load, the unit typically consumes about 42 tph of coal (1.05 Ib coal per kwh) to
produce 7.8 Ibs of main steam per kWh.

A comprehensive combustion test report was prepared by the Foster Wheeler Power Group

(Clinton, NJ), and is included here as Appendix B. The remainder of this section provides a
summary of the combustion test parameters and results.
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Figure4-1. Allegheny Energy Supply’s R. Paul Smith Station (Combustion Test Site)

Test Planning
Test planning for the GranuFlow combustion demonstration at the R. Paul Smith Station
involved the following:

Site Access Agreement

Preparation of a Combustion Test Plan
State and Local Regulatory Approvals
Project and Test Planning Meetings

At the outset of the project, CQ Inc. and Allegheny Energy Supply executed a “Site Access
Agreement”. This document specified the roles and responsibilities for both parties during
the combustion test program, including plant operation responsibilities, plant and
equipment access rights, safety/security issues, liability and worker’s compensation
insurance requirements, test fuels delivery and costs, and test personnel responsibilities.

A combustion test plan was prepared by Allegheny Energy Supply and their consultant,
D.A. Tillman and Associates, and subsequently distributed to the rest of the project team
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for review. The test plan consisted of three primary tasks: (1) production of the composite
fuel at PBS Coals' Shade Plant; (2) combustion of the fuel at Allegheny Energy's R. Paul
Smith Unit No. 4; and (3) evaluation of the results.

The elements of the test included composite fuel preparation, handling and storage of the
fuel at the power plant, and performance of the total combustion system including
pulverizers, burners, boiler, and air pollution control system. The test program was
designed to provide insights into any long-term supply issues associated with using this
particular composite fuel at R. Paul Smith. It was also designed to address the technical
consequences of using this fuel as a substitute for coal—leading to an assessment of the
economics of this composite fuel.

The test plan consisted of developing baseline data for three days firing 100% coal as
supplied by PBS Coal’s Shade facility; firing 100% composite fuel as produced at the Shade
Plant for one week; and then re-baselining the unit again on 100% Shade coal. As
discussed later in this section, the test plan had to be revised (fuel blends) due to extremely
wet weather conditions encountered during the test program.

The test plan primarily involved the following plant operating variables: load, excess O,,
burner tilts, SOFA system configuration, and soot-blowing schedule. The impact of the
composite fuel on the coal yard, conveying system, and the bunkers was to be evaluated.
Boiler testing would be performed to evaluate the following parameters: mill performance
(feeder speeds, mill outlet temperature) as a function of load; heat and material balance
about the boiler as a function of load, excess O,, and related variables; and emissions.

A request to perform the composite fuel test burn at the R. Paul Smith Station was
prepared by Allegheny Energy Supply and submitted to the Public Service Commission
(PSC) of Maryland. A test burn protocol was also submitted to the Maryland Department
of the Environment, Air and Radiation Administration (MDE ARMA) and the
Department of Natural Resources, Power Plant Research Program (DNR PPRP) for
review. All necessary regulatory approvals were received prior to initiating the combustion
test program.

Test Fuels—Delivery and Storage

Both the baseline and composite test fuels were produced at PBS Coals’ Shade Coal
Preparation Plant. The baseline fuel (100% coal) was produced in March 2003, and 6,400
tons were subsequently shipped and stored in a separate stockpile at the R. Paul Smith
Station. A total of 5,100 tons of the composite fuel were trucked to the Smith Station from
August 12-27, 2003, and stored in a separate stockpile. The shipped composite fuel
product consisted of the coal/paper sludge filter cake product, coarse clean coal, and low-
sulfur ROM coal blended in at the Shade Plant to achieve Smith’s sulfur specification.
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The fine size consist and softness of the test coal in combination with record heavy rains
and the extreme wet conditions encountered during the production and storage of the
composite fuel provided an extreme test of the fuel's handling characteristics. After
attempting to feed the wet composite fuel at 100% into the plant without success, the
project team decided to blend the Composite Fuel with the plant’s normal coarser coal
supply at a percentage of 50% Composite Fuel and 50% normal coal supply. This fuel
blend was accomplished by alternating loads from the Composite Fuel stockpile with loads
from Smith’s normal stockpile into the power plant’s truck hopper. A total of 4,698 tons of
the composite fuel blend were loaded into the bunker for Unit 4 during the test period.

Test Schedule and Conditions
The combustion test demonstration was performed over the period August 27 through
September 9, 2003. The testing was conducted at four load conditions:

Full Load (83+ MW, net)

High Load (79 - 80 MW,, net)
Mid Load (60 - 65 MW,, net)
Minimum Load (39 - 43 MW,, net)

The test matrix is shown in Table 4-1. Test variables selected included load, excess air and
the number of pulverizers (mills) in service. Test durations were typically two to three

hours for each set of conditions.

Table4-1. Combustion Test Conditions at R. Paul Smith

Test No. Fuel Load (MW) Excess O, (%) Millsin Service
1 Basdine 83.8 234 3
2 Basdine 83.2 2.80 3
3 Basdline 39.9 4.27 2
4 Basdine 64.7 2.99 3
5 Basdine 79.8 242 3
6 Basdline 79.5 343 3
7 Basdine 82.7 2.33 3
8 Basdine 82.2 312 3
9 Basdine 83.0 2.32 3
10 Normal Stockpile 84.1 2.32 3
11 Normal Stockpile 84.6 2.32 4
12 Normal Stockpile 84.1 3.19 3
13 Normal Stockpile 40.3 4.62 2
14 Normal Stockpile 64.6 3.30 3
15 Normal Stockpile 79.6 249 3
16 Normal Stockpile 84.8 281 4
17 Normal Stockpile 85.1 231 3
18 Composite Blend 85.7 231 3
19 Composite Blend 85.7 2.32 4
20 Composite Blend 66.2 2.99 3
21 Composite Blend 79.9 2.49 3
22 Composite Blend 79.3 3.28 3
23 Composite Blend 43.0 414 2
24 Composite Blend 86.0 2.23 3
25 Composite Blend 85.9 2.28 4

4-4 cQinc. = Final Report = Project No. 01E0351 = September 23, 2005



Test Data Acquisition

As described in Task 2-3, fuel characterization was the initial test data set acquired. Grab
samples were obtained from the feeders during each test, composited daily, and daily
averages were used in the analysis. Fly ash samples were obtained by isokinetic sampling
and analyzed for unburned carbon. Mill fineness tests were performed for all fuels
conditions during three- and four-mill operations at full load. A data matrix was developed
for data to be acquired from the plant’s P1 system and continuous emissions monitoring
system (CEMs). CEMs data included NO,, SO,, and opacity. Monitored boiler operating
outputs included main steam flow, main steam temperature, gross generation, excess O,,
and economizer outlet temperatures. A portable Testo™ gas analyzer was used to measure
air heater in-leakage and CO emissions.

Combustion Test Results
The results of the combustion testing are summarized as follows:

Operationally, boiler efficiency and stability were not compromised by the firing of
the composite fuel blend. Load, main steam flow, and excess O, were maintained in
stable fashion during the testing regardless of the fuel being burned. The composite
fuel blend slightly increased boiler efficiency, primarily as a result of its higher
calorific content as compared to the other fuels.

From an emissions perspective, firing the composite fuel blend did not cause any
excursions beyond Title V regulatory limits, and all emissions were well within
regulatory limits. NO, emissions remained very constant during the entire test
period. SO, emissions (Ibs/yMMBtu) decreased during the baseline and composite
fuel blend tests as a result of the higher heat content and slightly lower sulfur content
of those fuels as compared to the normal stockpile coals at Smith. Opacity increased
slightly with the composite fuel blend, most likely a result of the higher moisture
content of the fuel.

The composite fuel as produced at the Shade coal-cleaning plant contained an
extremely high proportion of fines because the parent coal contained an extremely
high proportion of fines. The composite fuel was produced and combustion-tested
under extremely wet conditions—fuel storage and combustion testing were
performed in September 2003, recorded as the wettest September on record in the
region where the R. Paul Smith Station is located. In spite of these conditions, full
load was obtained by the boiler when firing the composite fuel blend, and testing
was completed without any handling or combustion problems beyond those
typically associated with wet coal.
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Task 2-5
TECHNICAL AND ECONOMIC ASSESSMENT

Objective: Complete atechnical and economic analysis for potential commercial installations.
The economic assessment will include estimates and a comparison of the potentia fuel savings
that can be realized by a power producer firing a coal/biomass composite fuel and qualifying for
afederal biomasstax credit.

Accomplishments:
Completed a technical assessment of commercial composite fuel installations, including

fuel supply, preparation, and handling; boiler operations and performance; and
emissions.

Completed an economic assessment of the impact on electric generation costs when
firing a composite fuel which qualifies for federal biomass tax credits.

Technical Assessment

To be a commercially-viable fuel for the utility steam market, a composite fuel must
transport, handle, and store like coal; substitute for coal in existing pulverized-coal and
cyclone boilers without major equipment and operational modifications; result in no
increases in emissions (or offer some reduction); and be cost competitive with coal. Most
methods of co-firing biomass and waste materials with coal either use a separate fuel
receiving, storage, and boiler feed system or mass burn the biomass by simply mixing it
with coal on the storage pile. Separate co-firing requires a capital investment to retrofit the
boiler with a separate feed system and increases operating costs by requiring separate
biomass receiving, handling, and storage. Burning a simple mixture of biomass and coal
also requires separate biomass receiving, handling, and storage facilities at the power plant,
as well as a capital investment for a blending system. In addition, the physical properties of
the biomass—moisture, bulk density, size consist—can be significantly different than coal,
causing it to segregate during handling. Moreover, the combustion characteristics can be
very different than coal, and the tendency of a simple mixture of biomass and coal to
segregate can cause slugs of biomass to enter the boiler, resulting in high fuel variability and
reduced boiler efficiency. The biomass can also hang up in chutes and bins, causing
materials handling problems.

Composite fuels can minimize some of the problems by blending the biomass/waste

material with coal in the proper proportions to control fuel composition, reduce fuel quality
variation, control fuel density, and prevent segregation of the composite fuel components.
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The technical performance issues associated with the commercial application of a
coal/biomass composite fuel technology include the following:

Fuel supply—availability and procurement of the raw biomass material (paper
sludge, wood wastes, etc.).

Fuel preparation—commercial readiness and reliability of processing equipment
required to prepare a composite fuel product.

Fuel handling/storage—the impact of the composite fuel on end-user fuel yard
operations, including storage and handling considerations.

Boiler performance—effect on boiler operations, performance, and ash generation.
Emissions—the impact on power generation emissions, including opacity, NO,,
SO,, and CO.

The biomass or waste material must be located in close proximity to the coal fields so that
they can be transported to the fuel preparation facility (and ultimately the fuel user)
economically. The physical properties of the material need to be amenable to bulk
transportation, i.e., materials with low moisture and high bulk density are more
economically transported. In addition, the material would have to be available to the fuel
processor at very little or no cost to be considered as a potential component in a composite
fuel. Preferably, the fuel processor would be able to collect some portion of a “tipping” fee
from the biomass supplier in a situation where the biomass supplier is already paying such
fees for the disposal of his material. This would help offset some of the costs incurred by
the processor in producing the composite fuel, and allow for more competitive pricing of
the fuel product.

The equipment required to produce composite fuels of these types (coal with biomass) is
commercially available and proven, and in some cases already existing in commercial coal-
cleaning plants. As demonstrated in this project, the production of a coal/paper sludge
composite fuel only required some pumps, mix tanks, and hoses to re-pulp and introduce
the paper sludge into the existing fine coal-cleaning dewatering circuit. Dewatering
capacity is likely to be the limiting factor, and could be an issue given the additional volume
of material to be dewatered when feeding the coal/biomass slurry into the dewatering
device (vacuum disk filter or centrifuge). All conveying and downstream product handling
systems are already in place. The process demonstrated in this project is just one method of
producing a composite fuel; pelletizing and briquetting systems are other options, although
more costly.

The composite fuel must have transport, handling, and storage characteristics similar to coal
to gain wide acceptance into the steam coal markets. The fuel must be transportable by
truck, rail, and/or barge, and with similar physical characteristics to coal to reap the same
favorable bulk transportation rates. The material must be free flowing and not plug the
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fuel-handling equipment. It must be storable in stockpiles, silos, bins, and hoppers, while
maintaining its physical integrity whether stored inside or outside. Based on the results of
this demonstration, biomass materials such as wood wastes and paper sludge can be
successfully handled and stored when they comprise 10 to 20 percent (by mass) of the
composite fuel. It is expected that the composite fuel would have the same handling issues
as coal under wet conditions, as encountered during this demonstration.

Based on this demonstration, boiler performance from a capacity, efficiency, and operability
perspective shows no difficulties associated with using the composite fuel. Load, main
steam flow, and excess O, were maintained in stable fashion regardless of the fuel being
fired. However, it must be noted that this combustion demonstration was performed with
a biomass component of less than 5% of the total composite fuel blend. Higher
percentages of biomass/waste materials typically increase overall composite fuel moisture
and decrease fuel heat content, with the potential to reduce boiler performance and
efficiency as compared to 100% coal.

Although this demonstration showed very little impact on power plant emissions, other
biomass co-firing tests have shown beneficial impacts on emissions, most significantly SO,
and NO,. Because most biomass is very low in sulfur content, the reduction in SO,
emissions is almost 1:1, e.g., a 10% (heat basis) biomass component will result in about a
10% reduction in SO, emissions. NO, impacts are more difficult to assess, although a
reduction ratio of about 0.8-0.9 to 1 is pretty typical for most biomass/coal co-firing
applications (a 10% biomass co-fire would achieve a reduction in NO, of about 8 to 9
percent).

Economic Assessment

Composite fuel technologies, such as the technology demonstrated under this project,
provides a means to accomplish biomass co-firing with existing fuel handling and
combustion equipment while introducing biomass co-firing as a renewable energy
technology. Renewable portfolio standards for electric generation are being enacted to
varying degrees by numerous states. For example, the state of Pennsylvania recently passed
their Advanced Energy Portfolio Standard which requires that 18 percent of all energy sold
by electric distribution companies or suppliers to retail customers in the State comes from
clean, efficient sources by 2020, including traditional renewable sources (solar, wind,
biomass, etc.) and sources such as MSW and pulping/wood byproducts.

Federal and state tax incentives also exist for biomass co-firing. The state of Maryland, in
which resides the R. Paul Smith Station, passed the Maryland Clean Energy Incentive Act
(HB20) in 2000 that provides a tax credit of $5 per MWh for biomass co-firing. Federal
Internal Revenue Code Section 45 provides an income tax credit based on the production
of electricity from renewable energy sources. The “American Jobs Creation Act of 2004”
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(HR 4520) extended the production tax credit expiration date and expanded the list of
qualified resources. “Open-loop” biomass facilities may claim a credit of $9 per megawatt-
hour, and includes the use of any solid, non-hazardous, cellulosic waste material such as mill
residues, waste pallets, and construction wood wastes.

Table 5-1 provides an example of the potential fuel cost savings associated with a qualified
biomass co-firing facility burning a composite fuel consisting of 90% coal and 10% biomass
(heat basis) and claiming the federal $9/MWh biomass tax credit. In this example, a 500-
MW coal-fired unit with a heat rate of 9,500 Btu/KWh operates at 90% capacity factor,
firing 12,500 Btu/lb coal priced at $1.60 per MMBtu. Total annual generation is
3,942,000 megawatt hours. The biomass component of the composite fuel has a heat
content of 6,000 Btu/Ib.

Table5-1. Effect of Biomass Tax Credit on Electric Generation Fud Costs

Annual Generation Tax Credit | Effective Fuel Costs
Heat | nput% (1,000 MWh) Annual Fuel Costs ($9/MWh) (reduced by TC)
Cod Biomass Cod Biomass $1,000 $/MMBtu $1,000 $1,000 $/MMBtu
Base 100 0 3,942 0 $59,918 $1.60 - - -
Comp Fuel 90 10 3,548 394 $59,918 $1.60 $3,548 $56,371 $1.51

500 MW Unit @ 90% CF and 9,500 BtwKWh Heat Rate
Cod at 12,500 Btu/lb and $1.60/MMBtu

Biomass Component of Composite Fuel: 6,000 Btu/lb
IRS Section 45 Biomass Tax Credit: $9/MWh

With 10% of the unit’s generation coming from the biomass component of the composite
fuel, a tax credit of $9 per megawatt hour results in a tax savings of $3.55 million.
Applying this savings to fuel costs effectively reduces the price of fuel from $1.60/MMBtu
to $1.51/MMBtu when firing composite fuel. The unit will have to handle additional fuel
tons, as the lower heat content of the biomass component (6,000 Btu/Ib) in the composite
fuel requires that additional tons be fired to achieve the same energy output. In this case,
fuel requirements are increased from 1.5 to 1.66 millions tons per year.
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CONCLUSIONS

Under contract to the U.S. Department of Energy, CQ Inc. and its industry partners—PBS
Coals, Inc. (Friedens, Pennsylvania), American Fiber Resources (Fairmont, West Virginia),
Allegheny Energy Supply (Williamsport, Maryland), and the Heritage Research Group
(Indianapolis, Indiana)—demonstrated a technology that adds biomass (paper/pulp mill
sludge) to coal to produce a composite fuel with combustion and handling characteristics
acceptable to existing power plant boilers and fuel handling equipment.

The conclusions from this project are as follows:

Biomass samples obtained and analyzed for the project included one sawdust sample
and four paper mill sludge samples. Paper mill sludge quality ranged as follows:
moisture from 49 to 83 percent; dry ash from 35 to 50 percent; dry sulfur from 0.1
to 0.4 percent; and dry heating value from 3,900 to 5,400 Btu/Ib.

Bench-scale centrifuge dewatering tests performed at DOE’s National Energy
Technology Laboratory (NETL) indicated that the addition of an asphalt emulsion
to a slurry of fine-sized coal and biomass (the “GranuFlow” process) reduced the
moisture content of the final cake product; moisture reductions of 20 to 25 percent
were achieved.

A solid fuel mixture of fine-sized coal and paper mill sludge was produced at PBS
Coals’ 350-tph Shade Coal Preparation Plant. Paper sludge was supplied by
American Fiber Resources’ Recycle Paper Mill. The paper sludge was delivered at
60% moisture, re-pulped to a solids content of 10-12 percent, and pumped into the
plant’s fine coal dewatering circuit (vacuum disk filter). The mass split in the fine
coal circuit was about 77 percent fine-sized coal (27 tph) and 23% paper sludge (8

tph).

Approximately 5,100 tons of composite fuel were produced, consisting of the
coal/paper sludge cake product, coarse clean coal, and a low-sulfur ROM coal. The
paper sludge component of the composite fuel was approximately 5% by weight.

The composite fuel as produced for commercial power plant combustion testing had
a moisture content of 8.7 percent, with dry properties as follows: 20.7% volatile
matter, 66.1% fixed carbon, 13.2% ash, 0.9% sulfur, with an as-received heat
content of 12,200 Btu/lb.
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The composite fuel quality differed very slightly from the other coals fired during the
combustion tests, being slightly higher in moisture (8.7% vs. 7.7%) and higher in
heat content (12,200 Btu/Ib vs. 11,800 to 12,000 Btu/Ib). Its ash mineral calcium
oxide concentration was higher (2.1% vs. 1.4%), a finding that is consistent when
firing pulp mill sludge which contains higher calcium in its ash as compared to coal
combustion ash.

Full-scale combustion tests were performed at Allegheny Energy Supply’s R. Paul
Smith Generating Station, Unit No. 4 (86 MW,). Test fuels included (1) a baseline
coal as normally supplied by PBS Coal to the Smith Station, (2) the Station’s normal
coal supply stockpile, consisting of coals from multiple local suppliers, and (3) a
50/50 blend of the station’s normal stockpile coal and the composite fuel produced
at Shade (“composite fuel blend”).

A total of 25 tests were performed over a two-week period and at four boiler load
conditions; test data was collected to evaluate plant operational issues such as fuel
handling, boiler efficiency, boiler/flame stability, and emissions.

Boiler efficiency and stability were not compromised by the firing of the composite
fuel blend. Load, main steam flow, and excess O, were maintained in stable fashion
during the testing regardless of the fuel being burned. The composite fuel blend
slightly increased boiler efficiency, primarily as a result of its higher calorific content
as compared to the other fuels.

From an emissions perspective, firing the composite fuel blend did not cause any
excursions beyond Title V regulatory limits, and all emissions were well within
regulatory limits. NO, emissions remained very constant during the entire test
period. SO, emissions (Ibs/MMBtu) decreased during the baseline and composite
fuel blend tests as a result of the higher heat content and slightly lower sulfur content
of those fuels as compared to the normal stockpile coals. Opacity increased slightly
with the composite fuel blend, most likely a result of the higher moisture content of
the fuel.

The composite fuel as produced at the Shade Plant contained an extremely high
proportion of fines because the parent coal contained a high proportion of fines.
The composite fuel was produced and combustion-tested under record wet
conditions for the local area. In spite of these conditions, full load was obtained by
the boiler when firing the composite fuel blend, and testing was completed without
any handling or combustion problems beyond those typically associated with wet
coal. Fuel handling and pulverizer performance (mill capacity and outlet
temperatures) could become greater concerns when firing composite fuels
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containing higher percentages of high-moisture biomass materials, like paper sludge
and some wood wastes.

To be a commercially-viable fuel for the utility steam market, a composite fuel
containing biomass must transport, handle, and store like coal; substitute for coal in
existing pulverized-coal and cyclone boilers without major equipment and
operational modifications; result in no increases in emissions (or offer some
reduction); and be cost competitive with coal.

Composite fuel technologies, such as the technology demonstrated under this
project, provides a means to accomplish biomass co-firing with existing fuel handling
and combustion equipment while introducing biomass co-firing as a renewable
energy technology.

Federal Internal Revenue Code Section 45 provides an income tax credit of $9 per
megawatt-hour for power generators using open-loop biomass to generate
electricity. In one scenario, a 500-MW coal-fired boiler burning a composite fuel
consisting of 90% coal and 10% biomass could claim $3.55 million in tax credits
annually. This would effectively reduce his fuel costs from $1.60 to $1.51 per
MMBtu, as compared to firing 100% coal at $40 per ton and 12,500 Btu/Ib.
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1. INTRODUCTION

The Department of Energy’s Nationd Energy Technology Laboratory (NETL) entered into a
Cooperative Research and Development Agreement (CRADA) with CQ Inc. in 1999 for the purpose
of working together on GranuFlow Process commercidization projects and other related technology
development efforts. NETL scientists had previoudy developed and patented the GranuFlow Process,
which utilizes bitumen emulsons to improve the dewatering of fine clean cod while reducing dustiness
and theloss of fines. CQ Inc. is DOE' s exclusive licensee of the technology and is developing its own
complementary technologies in the areas of dewatering and briquetting.

2. BACKGROUND

The dectric utility indudtry isinterested in the use of biomass and waste as fuel to reduce both emissions
(CO,, SO,, NO, particulate) and fud costs. Unfortunately, biomass and waste byproducts can be
troublesome fuels because of low bulk density, high moisture content, segregation and variable
compoasition, and handling and feeding problems that can subsequently impact boiler operations,
including combustion and emissions characteristics. Current methods of cofiring biomass and wastes
either use a separate fue recelving, storage, and boiler feed system or mass burn the biomass by smply
mixing it with coa on the storage pile. Separate cofiring requires a capita investment to retrofit the
boiler with a separate feed system and increases operating costs by requiring separate biomass
receiving, handling, and storage system. Burning a smple mixture of biomass and coa can dso cause
problems. The handling characteristics of the biomass are different than cod, causing it to segregate
during handling. A key god for improved fine cod utilization and composite biomasswaste/cod fuelsis
to address end-user (utility, industrid boiler) handling concerns, with minima plant modifications.

3. EXPERIMENTAL APPROACH

This research involves the proof- of-concept (POC) testing of a cost-effective method for utilizing
commonly available biomass (e.g., lumber mill sawdust, paper mill fiber waste dudge) in synergidtic
combination with treating durry cod fines to produce a dewatered, non-segregating composite fud
mixture with improved handling characteristics by the NETL - patented GranuFlow Process. The
GranuFow technology involves adding a bitumen emulsion to the fine-cod durry before mechanica
dewatering. The emulson sdectively coats the particlesin the durry forming smal agglomerates, which
increases their recovery during the dewatering process and reduces combustible loss to the effluent
wadte stream. Because of the fibrous nature and other characteristics of the biomass, it is expected that
improved dewatering and compaction can be achieved, leading to improved fue formulations.

The objectives of thisresearch are: (1) to develop a process to reduce the moisture content of and
economicaly produce biomassiwaste composite solid fuels that can be used in existing cod-fired boilers
without capital modifications or increased operating cost, and (2) to develop fud formulations using
biomass possibly mixed with coa and/or waste, that have gpplication to alarge number of U.S. bailers
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and that reduces CO,, SO,, NOy, and particulate emissons while avoiding potential concerns with
mercury and other air toxics. A specific god of this research isto show that the bitumen emulsons
successfully used in the GranuFlow process for fine cod dewatering can be used for fine biomass/cod
durry dewatering with or without modification.

Prdiminary batch |ab-scale centrifuge dewatering tests were performed on cod durry with emulsion
addition, with and without Szed sawdust and paper mill fiber in early FY01. The results of the
successful batch lab-scale centrifuge tests indicated that the NETL devel oped GranuFlow Process
provided additional moisture reduction with biomass (than without biomass) and aso indicated that a
centrifuge could be a cost- effective dewatering device to produce a dryer biomass/cod product to
enhance trangportation, storage, and handleability. Some 6-inch bench-scale continuous screen-bowl
centrifuge tests were planned and conducted early in FY02. Test results were summarized and
discussed |ater.

4. EXPERIMENTAL
4.1. Test materials

4.1.1. Coal

Codl for the batch lab-scae centrifuge dewatering tests was obtained by sampling the screen bowl
centrifuge dewatering product from the Ginger Hill waste pond cleaning plant. The dewatered clean cod
was air dried for the lab tests. The cod durry for the bench-scde Bird centrifuge test samples was
callected in drums by sampling the Jameson cell flotation concentrate stream. A few lots of durry
samples were obtained from the plant a different times, which might introduce dight differences
between the test feeds. In generd, the feed durry had a solids content between 21 and 25%, with an
ash content between 5 and 7%. The coa had atop size of about 48 mesh and a heating vaue of about
14,088 BTU/Ib. All materidswere listed in Table 1 below.

4.1.2. Biomass

Sawdust -- The poplar sawdust was collected from the Cameron Sawmill in Pennsylvania on October
8, 2001 with an average moisture and ash content of 45 %, and 0.41%, respectively. The particle size
was about 95% minus US-5 mesh, 85% minus US-10 mesh and 10 % minus US-35 mesh. The hesting
value was about 4700 BTU/Ib. (see Table 1).

Paper Mill Waste Sudge — The paper mill waste dudge was collected from an American Fiber
Resources plant before flocculant addition on October 10, 2001. The moisture and ash contents were
97.5% and 36.2% respectively, with a heating value of 4207 BTU/Ib. (see Table 1).

4.1.3. Bitumen Emulsion
The CCB Emulsion -- The cationic cod binder emulsion (CCB) is manufactured by Asphat Materids,
Inc. in Indiangpolis, and is a complex mixture of high molecular weight hydrocarbons produced from
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crude petroleum. It is the same emulsion successfully tested at a GranuFlow demondtration test at the
Ginger Hill waste pond cod recovery facility on April 20, 2000.

During our tets the CCB emulsion was added into the centrifuge durry feed line with no centrifuge
screentplugging problem after testing. Thisis consistent with the Ginger Hill demondtration test.

ESEmulsion — ENVIROSEAL (ES) emulson is 100% organic and is comprised of tal ail pitch, which
isadidtillation product of crudetdl oil. Tdl ail isamixture of resins and faity acids, and is produced
from cooking paper pulp with astrong acid. ES emulson is primarily used for cod stockpile sedling,
binding and dust control.

Table 1. A typical biomass and coal samples analyses

Sample Name AFR Paper Mill Sludge Cameron Poplar Sawdust Ginger Hill Pond Clean Coal
Date Received 9/27/01 10/8/01 3/28/01

As Received Dry Basis As Received Dry Basis As Received Dry Basis
Moisture 97.48% XXX 44.62% XXX 19.54% XXX
Volatile Matter 1.53% 62.12% 48.64% 87.83% 29.21% 36.31%
Fixed Carbon 0.07% 1.68% 6.33% 11.43% 45.67% 56.76%
Ash 0.92% 36.20% 0.41% 0.74% 5.58% 6.93%
Sulfur 0.00% 0.09% 0.07% 0.13% 1.29% 1.60%
Carbon 0.71% 27.77% 27.23% 49.17% 63.11% 78.44%
Hydrogen 0.09% 3.28% 3.33% 6.01% 4.15% 5.16%
Nitrogen 0.01% 0.41% 0.09% 0.17% 1.00% 1.25%
Oxygen 0.79% 32.26% 24.25% 43.79% 5.33% 6.62%
BTU/LB 102 4207 4700 8486 11335 14088
MAF BTU/LB 6593 8549 15137
LB SO2/MBTU 0.43 0.31 2.27
LB SULFUR/MBTU 0.187 0.149 1.14
% Solids 50.90% 55.38% 80.46%
Trace Element on Whole Metal Basis
Arsenic <52.08 PPM 2.24 PPM 7.42 PPM
Mercury < 0.50 PPB 64.82 PPB 150.27 PPB
Selenium <15.64 PPM 2.41 PPM 1.53 PPM
Ash Mineral Composition
Silicon Dioxide 19.25% 25.17% 47.08%
Aluminum Oxide 12.41% 11.74% 20.67%
Ferric Oxide 1.10% 8.29 % 15.07%
Titanium Dioxide 2.55% 0.61% 1.05%
Phosphorus 0.24% 1.95% 0.11%
Pentoxide
Calcium Oxide 39.10% 28.55% 5.78%
Magnesium Oxide 1.22% 4.73% 1.12%
Sodium Oxide 0.30% 0.61% 0.41%
Potassium Oxide 0.18% 6.13% 2.04%
Sulfur Trioxide 0.26% 10.03% 7.35%

4.2. Centrifuge and feed system configurations




4.2.1. Lab-scale IEC Chemical Centrifuge -- Thislab-scale centrifuge conssted of 7 variable speeds
ranging from 0 to 15,000 rpm. Thereisan 8-inch horizonta rotating stainless basket with a pladtic filter
cloth, which gpplies the centrifugd force to drive off moigture from the durry through the cloth and make
it more like a centrifugd filter. A speed setting of 4 (6,500 rpm) was selected for the lab-scae
centrifuge dewatering for 1 minute to provide a consstent product moisture of around 21 wt.%, which
compared with the clean cod product moisture of the screen-bowl centrifuge a Ginger Hill plant.

4,2,2. Bird centrifuge -- The screen bowl centrifuge used was a 6-inch (15.2 cm) x 12-inch (30.5-
cm) Bird centrifuge with a5-inch (12.7-cm) x 3.75-inch (9.5-cm) screen section, 2-inch (5.1-cm) long
beach zone, 0.5-inch (1.3-cm) pool depth, 2500 rpm bowl rotation, feed ports 2.75-inch (7-cm) from
the beach zone, and a 35 mesh (425 nim) screen. A 50-gallon (190 L) feed tank was used with a
Turbon mixer and centrifugd recirculating pump. The cod durry was fed to the centrifuge using a6
gpm Moyno screw type pump and a Micromotion mass flow meter. The pump used to inject the
emulsonswasa0.1 gpm Viking gear pump that fed into a 0.5-inch (1.3-cm) x 20-feet (6-m) feed line,
The injection point was a the beginning of the feed line, right after the Micromation, in order to
maximize the mixing of the emulson with the cod durry. Thisisan important factor in successfully
implementing the GranuF ow Process.

4.2.3. Lab-scale Mixer — An IKA Type T50-Sl variable speed mixer was used for mixing cod durry
with biomass and emulsion. A speed of 4000 rpm and 5 minutes mixing was selected to be adequate
for the coal/biomass durry premixing prior the addition of emulsion.

4.3. Proceduresfor analysisof samples

4.3.1. Moisture content -- The moisture contents of the product cod samples from each test were
determined by placing the cod in a pan which was placed in adrying oven at 105 degrees C. The pans
were removed and weighed severd times until no change in the weight was noted.

4.3.2. Dust Index and Dust Reduction Efficiency --To evauate the performance of the GranuFlow
Process for dust control, NETL adopted a ssmple Ro-Tap dry screening process to experimentally
measure the dust index (1; ) of the cakes. Dust reduction efficiency (E) is calculated based on the
following equation.

E=[(lo—1;)/15] x 100

Where, E = dud reduction efficiency of dry cake, %.
lo = dustindex of feed cod, cumulative weight percent of feed cod finer than 150
mesh (106 nm) by wet screening.

li = dustindex of cake, cumulative weight percent of dry cake finer than 150 mesh
(106 nm) after Ro- Tapping for 5 minutes.

5. RESULTSAND DISCUSSION



Both lab-scde IEC Chemica Centrifuge and pilot-scale Bird Screen Bowl Centrifuge were used for the
GranuHow dewatering testing of cod/waste/lbiomass solid fud formulations. Test results were
summarized in Appendices A and B. Appendix A shows the test results of the seven test series of the
lab-scale GranuF ow dewatering tests. The mgority of data analyses were from these series. Short
comments were provided at the end of each table. Appendix B shows the test results of the seven test
series of the pilot-scde Bird Centrifuge GranuF ow dewatering tests.

5.1. Lab-Scale GranuFlow Dewatering Test Series

Seven series of lab-scde GranuFlow dewatering tests were conducted between March 2001 and
September 2001. Table 2 below summarizes the series with regard to their key objectives and
variables, aswdl asthe comments for each test series. Detalled testing results including comments were
tabulated in Appendix A.

Table 2. A summary of the key objectives, variables, and commentsfor each test series of the
lab-scale centrifuge testing.

Test Series TableNo.in | Objectives Key Commentson Test Results
and Date Appendix A Variables
BM3, 4/19/01 A-1 Sawdust 10% | CCB dosage, Oven or air dried sawdust made no difference on
BM4, 4/24/01 Drying methods | moisture & dust reduction. With ahigher CCB
dosage, the dewatered & agglomerated
coal/biomass mixture showed better results than
without.
BMS5, 5/08/01 A-2 Sawdust 10% | CCB & Soy oil | CCB provided major moisture & dust index
BMS8, 6/06/01 dosage reduction but soy oil, aminor improvement only.
BM®6, 5/22/01 A-3 Sawdust 10% | CCB,#2& #6 | CCB provided major moisture & dust index
BM9, 6/06/01 fuel oil dosage | reduction but #2 & #6 fuel oil, aminor
improvement only.
BM7, 5/24/01 A-4 Sawdust CCB,#2& #6 | #2fud oil, #6 fuel oil and CCB emulsion does
100% fuel oil dosage | not significantly improve product moisture
reduction for 100% sawdust.
BM10, 6/19/01 A-5 Paper sludge | CCB dosage Too much ash in waste paper sludge (about
BM11, 6/29.01 0~25% 36.2%) clogged the centrifuge cloth which
indicated that the Bird screen bowl centrifuge
could be an ideal device for ash and moisture
reduction in this case with CCB or ES emulsion
addition. Test verification by Bird centrifugeis
needed.
BM13, 8/14/01 A-6 Sawdust CCB & DAHC | CCB, fuel oil and cationic surfactant did not
100% dosage seem to help dewatering significantly.




BM14, 8/21/01 A-7 Sawdust 0%, | CCB &ES The Enviroseal emulsion seems like an excellent
10%, 20%, & | dosage emulsion for coal/sawdust dewatering. The ES
40% emulsion gives 4% more moisture reduction at
2% ES (BM14-4) than at 2% CCB (BM4-12).
The effectiveness of dewatering at 2% of ESis
almost equivalent to 8% of CCB.

5.1.1. Effect of Enviroseal Emulsion and CCB Emulsion on the Formulation of Composite
Coal/Biomass Solid Fuels

The Envirosed emulsion seems like an excdlent emulsion for cod/sawdust composite fuel formulation.
For example, in Figure 1, at 2% emulsion and 10% sawdust in a mixture of cod/sawdust, the product
moisture is 17.44% (BM 14-4) for ES emulsion vs. 21.5% for CCB (BM4-12) emulson. The ES
emulsion gives atota of 4 percentage points more moisture reduction than CCB emulson. Figure 1
a0 shows that the dewatering efficiency of ES a 2% is equivdent to CCB at 8%.

Thetdl ail fatty acid in Envirosed emulson could possess aspecid chemicd bonding property with cod
and sawdugt particles. Chemical bonding with cod has been reported in the materid gpplication
handling menu (Ref). The ES emulson is not awater soluble materid but its viscosity reduces with
increases in temperature. 1t was observed that thetall oil emulsion isvery easy to bresk and is sticky
but coud be removed easlly with hot water oray.

5.1.2. Effect of Sawdust Ratio on the Formulation of Composite Coal/Biomass Solid Fuel

Figure 2 summarizes the test results of Appendix Table A-7 with the amount of sawdust ranging from
0%, 10%, 20%, 40% to 100% in the cod/sawdust GranuFlow dewatering process usng ES emulsion
a 2% dosage. Thisfigure indicates that the GranuFlow processis technicdly feasible to produce lower
moisture products that are lower than 44.6%, the moisture content of the as received sawdust.

5.1.3. Effect of Surfactant in Surface Hydrophobicity | mprovement

From the experiences of the GranuFlow process on fine cod dewatering, it was clearly understood that
the lower rank cod is more hydrophilic in nature than the higher rank cod, which meansthat the
GranuFlow process on the lower rank coa usualy does not dewater aswell as higher rank cod. Itis
believed that biomass is hydrophilic in nature, and if a proper surfactant can be selected to improve the
surface hydrophobicity of coal/biomass mixture, the effectiveness of the GranuF ow process on the
dewatering of coa/biomass mixtures would be greatly improved. Fud oil (tesssBM6, BM7, BM9 &
BM13), soy ail (tests BM5 & BM8) and dodecylamine hydrochloride (DAHC) (tests BM13) have
been sdlected as surfactants in this research because fud oil has been used as fine cod flotation
collector, dodecylamine hydrochloride (DAHC) is a surfactant to improve surface hydrophobicity, and
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S0y oil has been reported to improve fine coa recovery recently.

All test results mentioned above indicated that CCB emulsion provided mgor moisture and dust
reductions, but soy ail, fud oils#2 & #6, and cationic surfactant (DAHC) provided minor
improvements only. The sawdust drying method, whether it is oven drying or air drying does not seem
to make any difference on moisture and dust reduction, which indicates that there was no sgnificant
change in surface hydrophobicity.

5.1.4. Effect of High Ash Content in the Paper Mill Waste Fiber Sludge Dewatering

The ash content in the paper mill waste fiber dudge is as high as 36.2%, which is mainly extrafine clay
added into various paper making processes. The high ash content in the waste paper dudge clogged the
centrifuge cloth and stopped the dewatering process immediately which indicated that the Bird screen
bowl centrifuge should be an idedl device for ash reduction in the centrifuge effluent, and that the CCB
or ES emulsion addition would form a free flowing, dry granular, low ash, and dust free solid fuel. Test
verification by the Bird centrifuge was needed.

5.2. Pilot-scale GranuFlow Dewatering Test Series

Seven series of pilot-scale GranuFl ow dewatering tests were conducted between October 2001 and
December 2001. Table B1 in the Appendix summarizes dl of the test series with regard to their product
moisture contents, emulsion dosages, dust index and dewatering efficiency, aswell asthe solid materid
balances for each test series. Appendix B isthe test results of the seven test series of the pilot-scale
Bird Centrifuge GranuFlow dewatering tests. Timed samples were collected for the Bird centrifuge
teting, therefore materia balance andyses were performed for each Bird centrifuge test. Complete
data analyses were performed for these test results. However, the emulsion aging problem negatively
impacted these tests; new tests with fresh emulsions are needed to verify the results.

Table3. A summary of the key objectives, variables, and commentsfor each test series of
the pilot-scale Bird screen-bowl centrifuge testing.

Test Emulsion Objectives Key Commentson Test Results
Series and | Production Variables
Date Date
BT1 CCB 7/26/01 Sawdust 10% | CCB Product moisturesincreased sightly. Dust index, screen effluent
10/30/01 3 month old dosage solid content and product ash decreased. Product recovery
increased. CCB effectiveness seems reduced by aging problem.
BT2 ES 8/14/01 Sawdust 10% | ESdosage | Product moisture decreased only slightly which is much less
11/01/01 ES 2% month effective than the lab-scale tests. Dust index, screen effluent solid
old content and product ash are all decreased. Product recovery
increased. Emulsion aging could be a problem.




BT3 CCB 7/26/01 Sawdust 20% | CCB CCB increased product moisture slightly which is different from

11/14/01 4 month old dosage lab-scale tests. Dust index reduction and screen effluent solid
reduction, and product recovery increasing seem adequate.
Emulsion aging could be a problem.

BT4 ES 8/14/01 Sawdust 20% | ESdosage | ES seems better than CCB on product moisture reduction. Dust

11/14/01 2% month old reduction and screen effluent solid reduction, and product recovery
increasing seem adequate. Emulsion aging could be a problem.

BT5 CCB 7/26/01 Paper Sludge | CCB & ES | Effluent ash content is higher than coal/sawdust effluent ash

12/06/01 4 month old 10% dosage content which verified that Bird centrifuge could reject more clay

ES 8/14/01 content through main effluent rejection with CCB or ES emulsion.
2% month old Emulsion aging could still play an important role.

BT6 CCB 7/26/01 Coa 100% CcCB CCB was much less effective on this Bird test in terms of dust

12/12/01 4% month old dosage index, screen effluent solids and product recovery with coa alone
compared with many previoustests. CCB emulsion was found
floating on centrifuge effluent which revealed the emulsion aging
problem. According to emulsion producer, the life time of alab-
scale emulsion is one month, and of an industrial scale emulsionis
two months without causing aging problem.

BT7 CCB 7/26/01 Paper Sludge | CCB The test results should be better in terms of product moisture

12/12/01 4% monthold | 30% dosage content, product recovery, dust index, screen effluent solidsif a
fresh ES or CCB emulsion is used.

5.2.1. Emulsion Aging Problem

According to above Table 3, al seven Bird centrifuge tests were performed during October 30 and
December 12, 2001, and the two batches of CCB emulsions received on 10/01/01 and 12/12/01 were
actualy made on 7/26/01. The fresh ES emulson was not ddlivered for the Bird tests, instead, the old
batch of 8/14/01was used. Therefore, CCB emulsion was at least 90 days old while the ES emulsion
was 70 days old. Figure 3 summarizestests BT1, BT2, BT3, BT4, and BT6, on product moisture
contents vs. sawdust/cod ratio with various combinations of CCB and ES emulsions. We noted after
the tests that the CCB and ES emulsions seem much less effective in terms of product moisture, dust
index, screen effluent solids and product recovery with coa done compared with fresh emulsonsin
many previoustests. For example, intest BT6, CCB emulson was found floating on the centrifuge
effluent which reveded that the emulsion was ungtable (aging problem). According to the emulsion
manufacturer, an aging problem does exist for emulsons. The ability of the lab batch CCB emulsonis
best within 30 days of manufacture, and the best ability for an indudtria batch iswithin 60 days.
Obvioudy, the effectiveness of CCB in the test performed in November 2001 was not as good asin the
test performed in July 2001. In order to avoid this aging problem, the asphalt manufacturer
recommended that CCB industrid batch emulsion should be used within 60 days of production, or that
surfactant be added to improve the stability and keep the emulsion droplet size constant. ES emulsion
seems to have even more of a stability problem according to ENTAC Inc., the manufacturer company.
However, there is aways away to control stability for industria applications. For example, the aging
problem does not exigt if an emulsion is used asit’s being made.




6. CONCLUSIONS

Test resultsin this research project indicated that the NETL -devel oped GranuFlow Process
provided additiond moisture reduction with sawdust ranging from 0 to 40 wt. % in a cod/sawdust
mixture with two emulsions, ES and CCB, tested.

A screen bowl centrifuge is recommended as a cost-effective dewatering device to produce alower
moisture coal/biomass product to enhance transportation, storage, and handlesbility.

The application of both Envirosed emulsion (ES) and Cationic Cod Binder emulsion (CCB) on the
GranuFlow dewatering of cod/wastelbiomassiis technically feasible to produce a product that is
lower in moisture content than the as-received sawdust.

ES emulson seems superior to CCB emulsion for coa/sawdust composite fuel formulation. A
specific chemica bonding seems exist to between the ES emulsion and cod/biomass solids-- the
dewatering efficiency of ES a 2% is equivaent to CCB at 8 % with 10 % sawdust in the
cod/sawdust durry.

Emulsion aging was a problem for the pilot- scade GranuFlow dewatering tests. To avoid the aging
problem, emulsion should be made asit’s being used.
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APPENDICES

A. LAB-SCALE GRANUFLOW CENTRIFUGE DEWATERING TESTING RESULTS OF
GINGER HILL WASTE POND FLOTATION CLEAN COAL SLURRY MIXED WITH
VARIOUS BIOMASS AND BITUMEN EMULSIONS.

B. BENCH-SCALE GRANUFLOW BIRD CENTRIFUGE DEWATERING TESTING RESULTS

OF GINGER HILL WASTE POND FLOTATION CLEAN COAL SLURRY MIXED WITH
VARIOUS BIOMASS AND BITUMEN EMULSIONS.

APPENDIX A
L ab- Scale GranuFH ow Centrifuge Dewatering Testing Results Of Ginger Hill Waste Pond Fotation
Clean Cod Surry Mixed With Various Biomass And Bitumen Emulsons.

Table A-1. Lab-scde centrifuge testing on Ginger Hill pond clean cod mixed with 10% sawdust (oven
dried and air dried) with CCB emulsion.

CCB Product
Sawdust, wt. % Emulsion Moisture, Dust index,
Test No. Coal, gm Water,gm Oven Dried Air Dried wt. % wt % %

BM4-1 100 400 0 0 0 18.8 50
BM4-2 100 400 10 0 0 21.6 44
BM4-3 100 400 10 0 8 16.8 3
BM4-4 100 400 10 0 6 19.7 3



BM4-5 100 400 10 0 4 21.3 4
BM4-6 100 400 10 0 2 21.1 11
BM4-7 100 400 10 0 1 22.8 23
BM4-8 100 400 0 10 0 22.0 42
BM4-9 100 400 0 10 8 17.3 3
BM4-10 100 400 0 10 6 18.9 3
BM4-11 100 400 0 10 4 20.7 3
BM4-12 100 400 0 10 2 21.5 12
BM4-13 100 400 0 10 1 22.0 19

Both oven dried and air dried sawdust/cod show no difference on the product moisture and
dust index.

Both product moisture and dust index reduced with increasing CCB dosage.

Bird centrifuge tests to verify the finding is recommended.

Table A-2. Lab-scde centrifuge testing on Ginger Hill pond clean coal mixed with 10% sawdust with
CCB emulson and soy oil asthe modifier.

Product
Test Coal, Water, Sawdust, Soy Oil CCB, Moisture, Dust
No. gm gm wt. % #1t wt. % wt. %  Index, %
BM5-1 100 400 0 0 0 20.2 51
BM5-2 100 400 10 0 0 23.5 46
BM5-3 100 400 10 1 0 23.4 43
BM5-4 100 400 10 1 4 20.1 4
BM5-5 100 400 10 1 6 19.2 3

14



BM5-6 100 400 10 1 8 17.7 3
BM5-7 100 400 10 2 4 19.2 2
BM5-8 100 400 10 1 4* 18.9 3
BM5-9 100 400 10 2 4* 18.8 3
BM8-1 100 400 0 0 0 21.6 52
BM8-2 100 400 10 0 0 25.0 45
BM8-3 100 400 10 2 0 22.9 45
BM8-4 100 400 10 4 0 22.5 46
BM8-5 100 400 10 8 0 21.1 41
BM8-6 100 400 10 4 4 195 3
BM8-7 100 400 10 4 4* 20.9 3
BM8-8 100 400 10 4 8 18.5 3
BM8-9 100 400 10 4 8* 19.3 3
BM8-10 100 400 10 8 4 19.1 3
BM8-11 100 400 10 8 4* 20.1 3

* Added before soy Oil

It seemsthere is no Sgnificant difference on product moisture reduction with soy oil from0to 8
Ib/ton addition
Moisture and dust index seem better with CCB emulsion than soy oil.

Table A 3. Lab-scae centrifuge testing on Ginger Hill pond clean cod mixed with 10% sawdugt,
CCB emulsion, and #2 and #6 fud oils as modifiers.

Modifier Product
Test Coal, Water, Sawdust, #2 Oil, #6 Oil, CCB, Moisture, Dust
No. gm gm wt. % #1t #it wt. % wt. % Index,%
BM6-1 100 400 0 0 0 0 21.4 50
BM6-2 100 400 10 0 0 0 24.8 43
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BM6-3 100 400 10 114 0 0 23.7 42
BM6-4 100 400 10 1.14 0 4 22.9 3
BM6-5 100 400 10 2.28 0 4 21.0 4
BM6-6 100 400 10 0 1.24 0 25.0 44
BM6-7 100 400 10 0 1.24 4 21.4 4
BM6-8 100 400 10 0 2.48 4 21.2 4
BM9-1 100 400 10 0 0 0 24.7 44
BM9-2 100 400 10 4.6 0 0 23.3 48
BM9-3 100 400 10 9.1 0 0 22.9 48
BM9-4 100 400 10 4.1 0 4 21.7 3
BM9-5 100 400 10 9.1 0 4 21.6 3
BM9-6 100 400 10 9.1 0 4* 20.0 3
BM9-7 100 400 10 0 5 0 23.1 38
BM9-8 100 400 10 0 9.9 0 21.3 35
BM9-9 100 400 10 0 5 4 19.8 3
BM9-10 100 400 10 0 9.9 4 20.0 3
BM9-11 100 400 10 0 9.9 4* 19.2 3

*Add before fuel oil.

Compared with datain Test BM4, the addition of fud oil # 2, and fue oil # 6 at 0 to 10 Ib/ton with
CCB emulsion does not seem to improve the product moisture reduction with CCB adone.

Table A-4. Lab-scde centrifuge testing on oven dried sawdust with CCB emulsion, and
#2 & #6 fud oils as modifiers.

CCB Product
Emulsion, Moisture, Dust Index,
Test No. Sawdust,  Water, gm #2 Fuel#6 Fuel . 0w Wt % %

gm Oil, #/t  Oil, #/t
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BM7-1 50 400 0 0 0 66.3 7
BM7-2 50 400 1.36 0 0 55.2 7
BM7-3 50 400 0 1.24 0 55.3 7
BM7-4 50 400 0 0 4 54.7 7
BM7-5 50 400 1.36 0 4 55.8 7
BM7-6 50 400 2.72 0 4 54.7 7
BM7-7 50 400 0 1.24 4 55.7 7
BM7-8 50 400 0 2.48 4 55.2 7

The effect of additions of #2 & #6 fuel oils on product moisture reduction is the same as the
addition of CCB emulsion.

Increased #2 and #6 fud ail did not seem to reduce moisture content with or without CCB
emulson.

Table A-5. Lab-scae centrifuge testing on Ginger Hill pond clean cod mixed with paper mill dudge and
CCB emulson.

Product
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Test Coal, Water, gm Sludge ccB Dewater Moisture, Dust

No. gm gm wt. %  Wt.%  Time, m wt. % Index, %
BM10-1 100 400 0 0 0 1 235 53
BM10-2 100 400 10.7 5 0 1 23.0 36
BM10-3 100 400 21.3 10 0 2 29.4 27
BM10-4 100 400 32.0 15 0 2 -- --
BM10-5 100 400 42.6 20 0 -* -- --
BM10-6 100 400 53.3 25 0 - -- --
BM11-1 100 400 0 0 0 1 19.3 52
BM11-2 100 400 10.7 5 4 21.8 5
BM11-3 100 400 21.3 10 4 18.4 4
BM11-4 100 400 32.0 15 4 -- -- --
BM11-5 100 400 42.6 20 4 - -- --
BM11-6 100 400 53.3 25 4 -- -- --
BM11-7 100 400 21.3 10 2 2 28.5 22
BM11-8 100 400 21.3 10 1 2 27.1 25
BM11-9 100 400 21.3 10 6 2 26.6 25
BM11-10 100 400 21.3 10 8 2 25.4 25

--*Did not run test.

Dewatering time over 1 minute is not anormal operation time considered. The product
moisture content is too wet to be completed.

The addition of CCB emulsion seems to improve cod/d udge dewatering, but too much fine clay
type of materid from dudge caused dogging of the centrifuge screen (about 40 wt.% of the
dudgeisash).

To perform the GranuF ow dewatering of coa/paper-mill-dudge properly, the separation of ash
materid from dudge seems necessary.

Table A-6. Lab-scde centrifuge testing on sawdust with CCB emulsion and DAHC and #2 fud ail as
the modifiers.
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Product

Sawdust, Water, Modifier CCB, Dewatering Moisture
Test No. gm gm DAHC, ml #2 Oll, #/t wt. % Setting Time, m wt. %
BM13-1 75 400 0 0 0 4 1 53.6
BM13-2 75 400 0 0 1 4 1 53.8
BM13-3 75 400 0 0 2 4 1 53.4
BM13-4 75 400 0 0 4 4 1 53.3
BM13-5 75 400 0 0 8 4 1 52.5
BM13-6 75 400 0 0 0 4 1 53.4
BM13-7 75 400 0 10 0 4 1 53.7
BM13-8 75 400 0 10 4 4 1 54.0
BM13-9 75 400 50 10 4 4 1 54.0
BM13-10 75 400 0 0 0 4 1 53.1
BM13-11 75 400 0 0 0 4 2 50.4
BM13-12 75 400 0 0 0 7 2 45.3

The addition of cationic surfactant, Dodecylamine hydrochloride a 10 M at 50 ml, and fud oil
#2 did not seem to help dewatering with CCB emulsion.
The raw sawdust moisture content is around 33.7 wt.%, at a centrifuge speed setting of 7 (over

12,000 rpm) the sawdust product moisture was reduced to 45.3 wt.%.
CCB emulson on sawdust alone did not seem to improve the moisture content at al.
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Table A-7. Lab-scde centrifuge testing on Ginger Hill pond clean cod mixed with 0-40% sawdust with
CCB and ES emulsions.

Sawdust  ES Emulsion CCB Product
Emulsion
Test No. Coal, gm Water, gm Raw, wt.. % wt.. % wt.. % Moisture*, Dust Index,%
wt%
BM14-1 100 400 0 0 0 21.47 48
BM14-2 100 400 10 0 0 22.74 44
BM14-3 100 400 10 1 0 18.43 23
BM14-4 100 400 10 2 0 17.44 16
BM14-5 100 400 10 4 0 16.58 10
BM14-6 100 400 10 8 0 15.81 3
BM14-7 100 400 10 2 4 16.15 3
BM14-8 100 400 20 0 0 24.42 38
BM14-9 100 400 20 2 0 21.23 12
BM14-10 100 400 20 2 4 20.19 3
BM14-11 100 400 40 0 0 29.15 30
BM14-12 100 400 40 2 0 27.88 12
BM14-13 100 400 40 2 4 26.96 3

* Average of 2 duplicated tests.

The Envirosedl emulsion from Entec Inc., Toronto, Canada, seems excellent for coal/sawdust
dewatering. Test BM14-1 through BM14-4 and BM 14-7 were performed for exactly 1 minute
and duplicated. The average variation is 0.7 wt.%.

Comparing the emulson in BM4-12 and BM 14- 4, the moisture contents were 21.5 wt.% with

CCB and 17.44wt.% with ES emulsion, respectively. ES reduced the moisture 4 percentage points
more than CCB emulsion at 10 wt. % raw sawdust addition at approximatdy Smilar dust index
reduction.

Bird test to verify the finding is recommended.
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APPENDIX B

BenchScde GranuHow Bird Centrifuge Dewatering Testing Results Of Ginger Hill Waste Pond
Flotation Clean Coa Surry Mixed With Various Biomass And Bitumen Emulsons

Table B. Summarized dl GranuHow test results for Bird centrifuge dewatering of Ginger Hill waste
pond flotation clean cod durry with various biomass and bitumen emulsions.

Test No. Emulsion  Product Dust Dust Reduction Solid Balance, wt. %

% Moisture Index  Efficiency Feed Product Centrifuge  Screen

% % % Effluent Effluent

10/30/01
BT1 -- Clean coal slurry mixed with sawdust at 10 wt. % and CCB emulsion (manufactured 3 month old)
BT1-1 0 24.8 57 16 100 85.8 6.9 7.3
BT1-2 0.8/CCB 259 24 65 100 824 5.1 125
BT1-3 17/CCB 26.3 15 78 100 88.2 3.0 8.8
BT1-4 0/CCB 255 42 38 100 86.5 6.5 7.0
BT1-5 36/CCB 269 10 85 100 90.4 2.8 6.8
BT1-6 5.4/CCB 274 3 96 100 95.5 2.0 25
11/01/01
BT2 -- Clean coal slurry mixed with sawdust at 10 wt. % and ES emulsion (manufactured 2 %2 month ol d)
BT2-1 0 253 52 24 100 85.7 6.9 7.3
BT2-2 1.2/ES 255 26 62 100 88.8 5.8 55
BT2-3 2.1/ES 222 11 84 100 81.0 14.8 42
BT2-4 4.3/ES 23.1 9 87 100 85.2 10.3 45
BT2-5 55/ES 231 8 88 100 925 6.3 12
BT2-6 2.1/ES 24.7 10 85 100 86.5 9.3 4.2
11/14/01
BT3 -- Clean coal slurry mixed with sawdust at 20 wt. % and CCB emulsion (manufactured 3 %> month old)
BT31 0 28.3 44 34 100 82.1 7.8 10.1
BT3-2 18/CCB 26.1 13 81 100 84.2 49 10.9
BT3-3 3.8/CCB  26.6 11 84 100 89.0 4.4 6.6
11/14/01
BT4 -- Clean coa slurry mixed with sawdust at 10 wt. % and ES emulsion (manufactured 2 %2 month old)
BT4-1 0 28.3 42 36 100 86.0 7.8 10.1
BT4-2 2.3/ES 26.1 10 85 100 91.1 49 10.9
BT4-3 4.0/ES 26.6 8 88 100 NA NA NA
12/06/01
BT5 -- Clean coa slurry mixed with paper sludge at 10 wt. % , CCB and ES emulsions (manufactured 3 & 4 month old)
BT51 0 24.0 21 65 100 91.1 7.7 12
BT52 19/CCB 248 15 75 100 90.1 82 18
BT5-3 2.2/ES 23.6 9 85 100 88.1 8.1 3.9
12/12/01
BT6 -- Clean coal durry baseline testing with CCB emulsion (manufactured 4 %2 month old)
BT6-1 0 18.8 45 26 100 86.4 5.0 8.7
BT6-2 0.6/CCB 198 19 69 100 86.4 4.1 9.6
BT6-3 09/CCB 184 15 75 1000 88.5 4.2 7.3
BT6-4 12/CCB 195 11 82 100 89.6 31 7.3
BT6-5 1.8/CCB 19.9 10 84 100 89.1 34 75
BT6-6 2.8/CCB 191 11 82 100 93.0 0.7 6.3
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12/12/01
BT7 -- Clean coa durry mixed with paper mill sludge at 30 wt. % and CCB emulsion (manufactured 4 %2 month old)

BT7-1 0 27.7 28 46 100 88.2 52 6.6
BT7-2 18/CCB 288 11 79 100 88.2 6.0 5.8
BT7-3 3.8/CCB 294 8 85 100 92.0 5.3 2.7
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Table B1-1. Bird Centrifuge Test of Ginger Hill Waste Pond Fotation Concentrate with CCB Emulson
and 10 % Poplar Sawdust

Test No Emulsion Product Product Main Main Screen Screen Dust
Dust
wit% Moisture Ash, Effluent Effluent Effluent Effluent Index
Reduction
wit% wit% Solidswt %  Ash, wt% Solids, wt%  Ash, wt%

Efficiency%

10/20/01 -- Oven dried samnles

BT1-Feed O 80.0 6.6 68

BT1-1 0 24.8 5.8 19 29.9 211 7.7 NA NA
BT1-2 0.8 25.9 6.1 15 26.1 29.4 9.0 NA NA
BT1-3 17 26.3 6.5 0.9 27.8 26.4 9.3 NA NA
BT1-4 0 255 5.9 19 28.8 21.8 7.8 NA NA
BT1-5 3.6 26.9 6.6 0.8 24.2 20.3 9.8 NA NA
BT1-6 54 274 6.8 0.6 28.7 131 10.9 NA NA
Air dried samples

BT1-1 0 23.7 57 16
BT1-2 0.8 24.1 24 65
BT1-3 1.7 26.3 15 78
BT1-4 0 24.2 42 38
BT1-5 3.6 26.6 10 85
BT1-6 54 26.8 3 96

NA: Datais not available

TableB1-2 Approximate solids balance of the Bird centrifuge tests of the Ginger Hill waste pond
flotation concentrate with 10 % Poplar sawdust and CCB emulsion.

Test No. CCB Emulsion Dosage*wt % Solids Balance, wt %
Feed Product Centrifuge Effluent Screen Effluent

BT1-1 0 100 85.8 6.9 7.3

BT1-2 0.8 100 824 51 125

BT1-3 17 100 88.2 3.0 8.8

BT1-4 0 100 86.5 6.5 7.0

BT1-5 3.6 100 904 2.8 6.8

BT1-6 54 100 95.5 2.0 25

* wt % of bitumen per wt. of coal
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Table B2-1. Bird Centrifuge Test of Ginger Hill Waste Pond Hotation Concentrate with ES Emulsion
and 10 % Poplar Sawdust

Test No Emulsion Product Product Main Main Screen Screen Dust
Dust
wit% Moisture Ash, Effluent Effluent Effluent Effluent Index
Reduction
wit% wit% Solids Ash, wt% Solids Ash, wt%
Efficiency
wt% wt%

%

11/01/01 -- Oven dried samnles

Feed 0 79.9 7.0 68

BT2-1 0 253 5.9 20 279 21.3 7.6 52 24
BT2-2 12 255 6.1 17 28.1 15.0 8.7 26 62
BT2-3 21 222 6.2 23 22.8 115 9.9 11 84
BT2-4 43 23.1 6.1 17 24.2 7.1 10.5 9 87
BT2-5 55 231 6.1 19 21 39 10.2 8 88
BT2-6 21 24.7 6.3 14 29.3 75 10.5 10 85
Air dried samples

BT2-1 0 23.9 28 59
BT2-2 12 285 30 56
BT2-3 21 223 9 87
BT2-4 43 22.1 8 88
BT2-5 55 211 8 88
BT2-6 21 235 10 85

Table B2-2 Approximate solids balance of the Bird centrifuge tests of the Ginger Hill waste pond
flotation concentrate with 10 % Poplar sawdust and ES emulsion.

Test No. ES Emulsion Dosage* wt% Solids Balance, wt%
Feed Product Centrifuge Effluent Screen Effluent
BT2-1 0 100 85.7 6.9 74
BT2-2 12 100 88.8 5.8 55
BT2-3 21 100 81.0 14.8 4.2
BT2-4 4.3 100 85.2 10.3 45
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BT2-5 55 100
BT2-6 2.1 100

92.5
86.5

6.3
9.3

12
4.2

* wt% of bitumen per wt. of coal

Table B3-1. Bird Centrifuge Test of Ginger Hill Waste Pond Flotation Concentrate with CCB

Emulsion and 20 % Poplar Sawdust

Test No Emulsion Product Product Main Main Screen Screen Dust

Dust

wt% Moisture Ash, Effluent Effluent Effluent Effluent Index
Reduction
wit% wt% Solids Ash,wt%  Solids Ash, wt%
Efficiency
wt% wt%
%

11/14/01 -- Oven dried ssmnles
Feed 0 79.0 6.7 67
BT3-1 0 28.3 5.6 2.4 26.4 24.7 7.1 44 34
BT3-2 1.8 285 59 1.6 24.9 24.5 89 13 81
BT3-3 3.8 29.2 6.4 14 225 19.9 9.7 11 84
Air dried samoles
BT3-1 0 26.6 40 40
BT3-2 1.8 26.7 15 78
BT3-3 38 295 8 88

Table B3-2 Approximate solids balance of the Bird centrifuge tests of the Ginger Hill waste pond

flotation concentrate with 20 % Poplar sawdust and CCB emulsion.

Test No.  CCB Emulsion Dosage* wt%

Solids Balance, wt %

Feed Product Centrifuge Effluent Screen Effluent
BT3-1 0 100 82.1 7.8 10.1
BT3-2 18 100 84.2 49 10.9
BT3-3 3.8 100 89.0 44 6.6

* wt% of bitumen per wt. of coal
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Table B4-1. Bird Centrifuge Test of ES Emulsion with Ginger Hill Flotation Concentrate and 20 %

Poplar Sawdust

Test No Emulsion Product Product Main Main Screen Screen Dust
. wt% Moisture Ash, Effluent Effluent Effluent Effluent Index
Reduction

wt% wt% Solidswt %  Ash, wt%  Solids, wt% Ash, wt%
Efficiency%
11/14/01 -- Oven dried samnles
Feed 0 79.4 6.6 65
BT4-1 0 28.3 5.7 19 27.6 209 7.2 42 36
BT4-2 23 26.1 5.7 16 27.1 10.4 83 10 85
BT4-3 4 26.6 5.7 19 21.8 6.6 11.2 8 88
Air dried samples
BT4-1 0 26.3 37 43
BT4-2 23 26.1 23 65
BT4-3 4 24.5 15 17

Table B4-2 Approximate solids balance of the Bird centrifuge tests of the Ginger Hill waste pond

flotation concentrate with 20 % Poplar sawdust and ES emulsion.

Test No. Test No. Solids Balance, wt%

Feed Product Centrifuge Effluent Screen Effluent
BT4-1 0 100 86.0 7.8 101
BT4-2 23 100 91.1 4.9 10.9
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BT4-3 4.0 100 NA NA NA

* wt% of bitumen per wt. of coal
NA: not available

Table B5-1. Bird Centrifuge Test of Ginger Hill Waste Pond Hotation Concentrate with CCB and ES
Emulsons and 10 % AFR Paper Mill Sudge

Test No Emulsion Product Product Main Main Screen Screen Dust
Dust
wt% Moisture Ash, Effluent Effluent Effluent Effluent Index
Reduction
wt% wt% Solidswt % Ash, wt%  Solids, wt% Ash, wt%

Efficiency%

12/06/01 -- Oven dried samnles

Feed 0 81.0 10.9 60

BT5-1 0 24.0 8.0 20 35.3 53 16.6 21 65
BT5-2 19 CCB 24.8 8.7 22 37.1 8.0 16.7 15 75
BT5-3 22 ES 236 8.8 NA NA 115 12.3 9 85
Air dried samples

BTE-1 0 233 22 63
BT5-2 19 CCB 25.0 14 77
BTS-3 22 ES 229 10 83

Table B5-2 Approximate solids baance of the Bird centrifuge tests of the Ginger Hill waste pond
flotation concentrate with 10 % AFR paper mill dudge CCB & ES emulsons.
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Test No. Emulsion Dosage*, wt% Solids Balance, wt%

Feed Product Centrifuge Effluent Screen Effluent
BT51 0 100 91.1 7.7 12
BT52 1.9 CCB 100 90.1 8.2 18
BT53 22 ES 100 88.1 81 39

* wt% of bitumen per wt. of coal

Table B6-1. Bird Centrifuge Test of Ginger Hill Waste Pond Fotation Concentrate with CCB
Emulson

Test No Emulsion Product Product Main Main Screen Screen Dust
Dust
wit% Moisture Ash, Effluent Effluent Effluent Effluent Index
Reduction
wit% wt% Solidswt % Ash, wt% Solids, wt%  Ash, wt%

Efficiency%

12112101 -- Oven dried samnles

Feed 0 80.0 7.5 61

BT6-1 0 18.8 6.2 14 335 237 8.8 45 26
BT6-2 0.6 19.8 6.5 11 28.0 229 9.1 19 69
BT6-3 0.9 184 6.5 12 298 22.6 9.1 15 75
BT6-4 12 195 6.7 0.8 291 20.7 9.7 11 82
BT6-5 18 199 6.6 0.9 271 20.6 9.3 10 84
BT6-6 28 191 6.6 0.2 290 17.8 9.8 11 82

Air dried samoles
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BT6-1 0 19.8 46 25
BT6-2 0.6 16.7 22 64
BT6-3 0.9 191 16 74
BT6-4 12 210 16 74
BT6-5 18 18.7 12 80
BT6-6 2.8 184 10 84

Table B6-2 Approximate solids balance of the Bird centrifuge tests of the Ginger Hill waste pond

flotation concentrate with CCB Emulsion

Test No. CCB Emulsion Dosage* wt% Solids Balance, wt %
Feed Product Centrifuge Effluent Screen Effluent

BT6-1 0 100 86.4 50 8.7
BT6-2 0.6 100 86.4 41 9.6
BT6-3 0.9 100 885 4.2 7.3
BT6-4 12 100 89.6 31 7.3
BT6-5 18 100 89.1 34 7.5
BT6-6 28 100 93.0 0.7 6.3

* wt % of bitumen per wt. of coal

TableB7-1. Bird Centrifuge Test of Ginger Hill Waste Pond Hotation Concentrate with CCB

Emulsion and 30 % Poplar Sawdust

Test No Emulsion Product Product Main Main Screen Screen Dust
Dust

wt% Moisture Ash, Effluent Effluent Effluent Effluent Index
Reduction

wit% wit% Solids,wt %  Ash, wt% Solids, wt%  Ash, wit%

Efficiency%
12/12/01 -- Oven dried samnles
Feed 0 80.9 6.4 52
BT7-1 0 27.7 55 14 26.4 17.0 8.7 28 46
BT7-2 1.8 28.8 5.6 NA 29.2 15.6 8.7 11 79
BT7-3 38 294 57 1.6 20.9 8.6 8.4 8 85
Air dried samoles
BT7-1 0 27.0 34 35
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BT7-2 1.8 277 12 77
BT7-3 38 27.9 7 87

Table B7-2 Approximate solids balance of the Bird centrifuge tests of the Ginger Hill waste pond
flotation concentrate with 30 % Poplar sawdust and CCB emulsion.

Test No. CCB Emulsion Dosage* ,wt% Solids Balance, wt %
Feed Product Centrifuge Effluent Screen Effluent
BT7-1 0 100 88.2 5.2 6.6
BT7-2 18 100 88.2 6.0 5.8
BT7-3 38 100 92.0 53 27

* wt% of bitumen per wt. of coal
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EXECUTIVE SUMMARY

During the period of August 27, 2003 through September 9, 2003, Allegheny Energy
Supply Company hosted the testing of a composite fuel product designed by CQ, Inc. and
produced by PBS Coals. The test was conducted at the R. Paul Smith Generating Station
Unit #4, an 86 MW, (net) capacity tangentially-fired boiler located in Williamsport, MD.
The unit is equipped with a low-NOx firing system including close coupled overfire air
(CCOFA) and separated overfire air (SOFA). The composite fuel supplied by CQ, Inc.
was nominaly 95+ percent coa fines/4 percent pulp mill sludge/<0.1 percent asphalt
emulsion binder.

The testing was conducted at four load conditions: full load (83+ MW, net, depending
upon river water temperature), high load (79 — 80 MW, net), mid load (60 — 65 MW,
net), and minimum load (39 — 43 MW, net). During al test periods the unit was taken
out of automatic generation control and load was manually set. During full load testing,
the unit was fired with 3 mills in service, and with 4 mills in service. Excess O, was
controlled at 2.3 — 3.2 percent. Burner tilts and separated overfire air (SOFA) systems
were maintained in normal conditions. During high load and mid load conditions, 3 mills
were in service. Excess O was varied from normal conditions upward. During the
minimum load testing, 2 mills were in service and excess O, was maintained in the 4.1 —
4.6 percent range. The plant experienced numerous thunderstorms during the entire test
period. Consequently, during the entire test period wet coal conditions were experienced.
These conditions provided a redlistic test program under somewhat difficult—but not
unacceptable—conditions.

Testing was conducted to evaluate operational aspects of the composite fuel utilization as
well as emissions formation and management. Operational issues included materials
handling and fuel preparation, boiler efficiency, and operability/stability. Emissions of
concern included NOy, SO3, opacity, and CO. Testing involved fuel and ash sampling,
with these materials analyzed by the Allegheny’s laboratories. Operating data were
obtained through the Bailly control system and the Pl data acquisition system. Emissions
data were obtained from the CEMS system, and by portable instrumentation used to
measure CO emissions.

Because of the weather conditions, the characteristics of the composite fuel, and because
the testing occurred during ozone season, the test plan was modified from its origina
specification. The composite fuel was blended with coal pile coa on a 50%/50% (weight
basis) in order to alow the materials handling equipment to operate properly. The
originaly planned variation of SOFA damper positions and burner tilts was abandoned
due to the need to manage NOy emissions closely to meet the requirements of the ozone
season. Because of the wet coa conditions, the number of mills in service was added to
the list of variables, and was varied at full load. Load and excess O, were the other
operating variables.

The results of testing can be summarized as follows:
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The composite fuel/coal blend presented difficulties in handling and
preparation, as shown by mill feeder speeds and mill outlet temperatures.
When generating full load with 3 mills in operation, mill outlet
temperatures declined sufficiently to cause concern. Over the long term,

full load would require 4 mills to be in service to handle this fuel, although
it is noted that 4 mills in service results in higher NOx emissions levels.

The wet coa condition caused numerous incidents of fuel handling
equipment plugging when handling the composite fuel/coa blend. The
composite fuel alone was sufficiently difficult to handle that it would not
transport through the system at all despite significant efforts by plant
personnel.

Testing at low load, with only 2 mills in operation, was somewhat risky
due to the potential for losing a mill. Therefore, materia handling
concerns could cause an increase in the minimum load a which the unit
can operate.

Operationally, boiler efficiency and stability were not compromised by the
firing of the blend of composite fuel and coal. Load, main steam flow,
and excess O, were maintained in stable fashion during the testing
regardiess of the fuel being burned. The blend of composite fuel/coal

dightly increased boiler efficiency, predominantly as a result of the higher
calorific value of this fuel blend. That result may or may not occur during
normal commercial operations.

From an emissions perspective, firing the composite fuel/coal blend did
not cause any exceedences from the regulatory limitsin the Title V permit.
NOy emissions were not increased, or decreased, by firing the blend. SO-
emissions decreased as the blend of composite fuel and coa yielded a
reduced fuel sulfur content. Opacity increased dightly, probably as a
consequence of the wet fuel characteristicss. CO emissions varied
significantly during the tests. As such, an expected CO decrease as a
function of firing the composite fuel/coa blend was not experienced.

Given these conclusions, the material handling and preparation aspects of the composite
fuel/coa blend appear to be most significant factors identified from the testing. These
results indicate that this fuel is best handled as a blend, and at that it can be very difficult
to utilize—even as a blend—when fired under wet westher conditions.
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10 INTRODUCTION

During the period August 27, 2003 through September 9, 2003, Allegheny Energy
Supply Company hosted testing concerning the firing of a composite fuel at its R. Paul
Smith Generating Unit #4. R. Paul Smith Generating Station Unit #4 is a 90 Megawatt
(gross) tangentially fired boiler equipped with separated overfire air and close coupled
overfired air. Typically this boiler fires a medium to low volatile, low sulfur, bituminous
coal generating electricity for the grid. It utilizes a low sulfur coa due to regulatory
requirements.

1.1  Purposeof the Composite Fuel Testing

There were three elements to the composite fuel testing; could the fuel be
produced effectively? could the fuel be handled effectively? and could the fuel be
burned effectively? With respect to the testing at R. Paul Smith, the latter two
issues were addressed; fuel handling and combustion. The test, then, addressed
the elements of coal handling system performance, pulverizer performance, and
boiler performance focusing both on operational issues and on emissions
formation.

1.2  Scopeof the Testing

There are severa aspects to the tests that were conducted. These aspects included
defining fuel characteristics, pulverizer performance, boiler performance, and
emissions formation.

The duration of the test was over a three-week period. Each test was conducted
for a minimum of two hours; many tests were conducted over three hour periods.
During the testing three days of baseline testing occurred using a PBS coa which
was the basic ingredient in the composite fuel. Two days of testing then occurred
with normal coal pile coal. Three days occurred with the composite fuel/normal
coal blend.

Initially, the test plan intended to fire the PBS coal followed by 100% composite
fuel. The unit was then to be rebaselined with PBS coal. The composite fuel, by
itself, was very fine fuel with no lumps. Lumps facilitate material handling. In
the absence of coa lumps, and as a consequence of considerable rain, the
composite fuel product did not flow sufficiently well to get it from the coa
hopper into the bunkers by itself.

The composite fuel was produced at PBS Coas Shade Creek Preparation Plant
on Monday, August 11, 2003 and Monday, August 18, 2003. Deliveries of this
fuel to R. Paul Smith Power Station took place from August 12 to August 27 with
atotal tonnage of 5132 tons delivered to a separate stockpile at the plant.

In anticipation of the test program commencing, an initial baseline test was
conducted from August 27 to August 29 using a supply of norma coa from PBS
Coals delivered earlier in 2003 and stockpiled separately at R. Paul Smith. Plans
were made to commence loading of the composite fuel as a 100% feed to the
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Bunker for Unit 4 on Friday, August 29, 2003. In preparation for these plans the
truck hoppers were loaded with the composite fuel on the evening of August 28,
2003. When the transfer system was started up on the morning of August 29 the
composite fuel material would not flow from the hoppers. After extensive efforts
by plant personnel the composite fuel was cleared from the hoppers in
approximately 6 hours. Based on these initial difficulties encountered in
attempting to process 100% composite fuel through the plant’s coa handling
system, the origina test program was aborted at this time. After consulting with

plant personnel, a revised test plan was developed to complete the composite fuel
evaluation without adversely impacting plant operations.

The project team decided to blend the composite fuel with the plant’s normal coal
supply at a percentage of 50% composite fuel/50% normal coal supply. The
plant’s normal coa supply typically consists of coal from 4-6 different suppliers
of which PBS Coalsis currently one. A second baseline test was undertaken with
the plant’s normal coal supply on September 2 and September 3.

Loading of the 50/50 composite fuel blend commenced on September 4 and
continued through September 10. The blending was accomplished by alternating
loads from the composite fuel stockpile and the normal stockpile with the plant’s
front loader. A total of 4,698 tons were loaded into the Bunker for Unit 4 during
this time period. At the 50/50 ratio, 2,349 tons of composite fuel were loaded
from the composite fuel stockpile and approximately 2783 tons remain on the
stockpile. Test data collection commenced on September 6 and continued
through September 8. The revised test matrix was completed at this time.

The test was conducted with variables including load (as measured in megawatts),
excess O, and the number of mills in service. The plant is capable of firing at
full load on three mills during normal operations. Three mill and four mill full
load tests were conducted.

In addition to the changes in the test program dictated by the difficulties
encountered in handling the composite fuel material, other changes were made to
satisfy the current operating environment facing the plant. In particular the
summer months of May though September are considered the ozone season and in
2003 the units at Smith Station fall under more restrictive NOx emission limits.
Unit 4 operation has been adjusted to meet Allegheny Energy’s systemwide
compliance plan for NOy.

The origina test plan called for varying the position of the tilts and varying the
extent of separated overfire air (SOFA) as variables. When the test plan was
rewritten, these variables were abandoned for severa reasons consistent with
meeting plant obligations during the ozone season. 1) There were new NOy
compliance obligations at the plant to meet ozone season requirements; and these
obligations precluded taking actions that would unduly increase NOy emissions.
Changes in SOFA damper positions and the staged combustion approach had the
potential to significantly increase NOx emissions. 2) There was a change in firing
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methodology developed by the plant during the summer of 2003 which
approached NOx management by severely reducing excess air and maximizing
SOFA position. Since the composite fuel testing was an attempt to look at normal
operations and normal operability parameters, the new approach to system firing
was mirrored. 3) The testing was conducted during ozone season, and during the
later part of ozone season. NOy tonnages had significant economic value. Since
Allegheny Energy Supply Co. hosted the test at its own expense and as an
operational test program, economic costs associated with testing were considered
when constructing the final test program. Testing to influence NOy emissions was
conducted within the constraints of the ozone season, and its associated
economics. 4) The attempt to mirror normal operations was paramount, since the
evauation was made to determine the utility of composite fuel as a fuel for coal-
fired boilers. In attempting to mirror normal operations, varying SOFA and tilt
positions was no longer arealistic consideration.

In developing the final test plan, consistent with overall plant obligations,
rebaselining was no longer necessary, since the normal coal was used to baseline
the unit prior to firing the composite fuel/coa blend.

1.3 Limitations of the Test

The test was conducted over a short duration in total time, and each test was
conducted over a short time period. Consequently the test did not address long-
term slagging and fouling issues. The testing used plant instrumentation
including the control system, the Pl system, and the CEMS system. Outside stack
testing was not employed during this program. The plant instruments were
supplemented by use of a hand held Testo™ instrument (see figure 1) in order to
measure air heater in leakage and in order to measure carbon monoxide
emissions. Allegheny laboratories were used to characterize fuel and flyash and
the plant performed mill fineness testing. Again, no outside testing firm was
used.

Figure 1. Testo™ Instrument for Gaseous Combustion Products M easurement
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Adjustments were made to the schedule and to the test plan based upon the initial
failure of the composite fuel to flow as a 100% substitute for coal. This limited

the ability to evaluate the composite fuel on its own terms. However, the testing
did indicate problems with this materia if attempting to fire it at a 100% level.

20 TEST METHODOLOGY

The composite fuel was similar to a synthetic fuel. Produced for this test, it was a blend
of PBS cod, pulp mill ludge, and binder. The product is shown in Table 1. As such the
composite fuel is a method for co-firing some biomass fuel, as pulp mill sudge is a
biomass fuel. Because the composite fuel is like a synthetic fuel, and because it is an
approach to co-firing biomass in small proportions, there is a need to assess this material
both as 100% and as a fuel blend. The base coal selected, PBS coal, was selected upon
the fact that R. Paul Smith requires low sulfur coal as a means for complying with state
regulations. The composite fuel could be made with other base coals.

The datain Table 1 clearly show that the paper mill sludge increases the moisture content
of the composite—as does the asphalt or bitumen emulsion used as a binder. The sludge
and binder also increase the volatility of the product fuel, while reducing the calorific
value. The paper mill sludge reduces the sulfur content, while the binder exhibits sulfur
content at the upper end of the range experienced for the coal. The paper sludge has the
potential to increase the arsenic, chromium, and nickel concentrations in the fuel while
decreasing the beryllium, cadmium, mercury, and vanadium concentrations. These data
show thet the binder emulsion is consistently lower in trace metals concentration than the
base coal employed by PBS. The actual product was approximately 4 percent sludge and
~0.05 percent emulsion due to operating constraints at PBS coal. The composite is
similar to a synthetic fuel, and meets the technical criteria for such a product. However it
does not meet the economic/timing requirements for the Section 29 definition of synthetic
fuels. CQ Inc. is not marketing it as such. The composite fuel is being developed as a
means to introduce biomass cofiring as a renewable energy technology. In particular,
Maryland has passed legislation, the 2000 Maryland Clean Energy Incentive Act, that
provides atax credit for biomass cofiring in the amount of $0.005/kWh. The composite
technology is designed to provide a method for accomplishing biomass cofiring with
existing fuel handling and combustion equipment.
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Table 1. Composition of the Composite Fuel as Produced by PBS Coal

Eastern Bituminous

Coal =
Paper Binder
Component: (units) | Average Range Sludge Emulsion
Approx. Proportion (as received): wt. % 95% 4.0% 0.05%
Proximate analysis (as received) _ _
Moisture % 7.52 3.16 —13.55 | 51.13% 38.8%
Ash % 11.97 4.24 — 20.60 | 17.85% 0.025%
Sulfur % 0.9 0.49 -1.33 | 0.02% 0.86%
17.49 -
Volatile matter % 21.02 32.93 29.80%  99.975%
49.18 -
Fixed carbon % 57.57 69.76 1.22% NA
10589 —
Heating value BTU/Ib 12235 14164 1,816 10,293
Ultimate analysis (dry basis)
Sulfur % 1 0.65-1.49 0.04% 1.43%
64.29 -
Carbon % 75.93 91.66 27.45% 83.79%
Hydrogen % 4.15 3.51-5.21 4.64% 10.52%
Nitrogen % 1.5 1.07-1.79 0.27% 0.02%
Oxygen % 3.33 0.53-12.52 | 31.06% 3.19%
Ash % 14.43 5.32 -19.79 | 36.53% 0.10%
Chlorine % 0.0945 0.0009 - 1.1 | 0.03% 0.004%
Metals Analysis (dry basis, as ppmw in
fuel
Arsenic ppmw 12 0.7 - 66 45.1 <0.36
Beryllium ppmw 4.7 0.070 - 462 | <0.04 <4.6
Cadmium ppmw 0.87 0.015 - 10 <0.05 <0.018
Chromium ppmw 15 0.47 - 60 25.9 0.05
Lead ppmw 17 0.039 - 590 14.2 <0.18
Mercury ppmw 0.13 0.005 -1.3 0.070 <0.09
Nickel ppmw 15 1.0- 46 28.5 0.72
Vanadium ppmw 30 1.7 - 155 <1.0 11

* Mercury and chlorine data from EPA ICR Part || Coal Database 5/00; remaining

metals data from EPRI PISCES Database 2/03; proximate and remaining ultimate data

from 4/02 - 3/03 R. Paul Smith coal samples.

NA = Not Available.

10
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21  Test Conditions Selected

The initial concepts for testing involve firing a varying loads, levels of O, and
levels of separated overfire air utilization. Further, the initial concepts involved
firing the baseline coal (PBS coa used as the foundation for the composite), firing
the composite fuel, and then rebaselining.

The test plan was revised based upon the composite material to be successfully
handled by the plant. The composite fuel was piled in the truck hopper (see figure
2). It bridged in the truck hopper and plugged the truck hopper severely. The
problem was nearly intractable. Conduit and compressed air was used to clear the
truck hopper after the load was dug off the top of the truck hopper. The material,
once it hit the crushers, plugged those. That experience proved that the composite
fuel by itself was not going to be a useful fudl at R. Paul Smith. The consequence
of that failure was the need to blend the composite fuel with coal pile coal where
sufficient lumps were present to facilitate flow. Because the composite fuel did
not flow, significant changes had to be made to the test plan. The unit had to be
baselined on normal coal pile coal, such that the results of the blend testing could
be understood. Because of this phenomena, rebaselining the unit was no longer
practical within the time and budget constraints of the program. Further, changes
in the operating approach of the plant to achieve low NOy control meant that the
SOFA system would have to be fully utilized during the entire test period. The
alternative would be significant generation of NOy, beyond what was acceptable.
The consequence was a new test matrix designed to evaluate the PBS coa as a
basis for the composite fuel, the coa pile coal as a basis for normal operations,
and a 50/50 blend of the composite fuel and normal coal pile coal.

Figure 2. Loading the Composite Fuel Into the Truck Hopper at R. Paul Smith

11
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Test variables selected included load, excess air, and the number of pulverizers or
mills in service. The considerations of load are common to all such testing.

Excess air, or excess O,, similarly is a common variable used to assess the
influence of combustion conditions on the use of a new fuel. Excess air has a
significant influence on boiler efficiency and operability, and on emissions
formation. The number of mills in service was used as a variable, and its use
merits comment. Because the composite fuel exhibited characteristics of a wet
coal, there was concern for mill outlet temperatures and mill performance. If mill
outlet temperatures decline severely, that variable can influence total firing
system performance. Further, when the unit is firing at full load on 3 pulverizers,
the top row of coal injectorsis taken out of service. This lowers the fireball in the
boiler, giving more residence time to the combustion process. Firing with al 4
mills in service raises the position of the fireball, increases the furnace exit gas
temperature (FEGT), and can increase NOx emissions modestly. At the same
time, firing with al 4 mills in service can decrease CO emissions and unburned
carbon in the flyash, thereby improving overal boiler efficiency modestly. The
influence of this variable on system performance, therefore, was of considerable
utility. Given these variables, atest matrix was constructed as shown in Table 2.
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Table2. Test Conditionsfor Tests Conducted at R. Paul Smith

Test No. | Fuel Load (MW, net) | ExcessO, | Millsin
(%) Service
1 PBS Base 83.79 2.34 3
2 PBS Base 83.21 2.8 3
3 PBS Base 39.90 4.27 2
4 PBS Base 64.72 2.99 3
5 PBS Base 79.77 242 3
6 PBS Base 79.48 3.43 3
7 PBS Base 82.74 2.33 3
8 PBS Base 82.16 3.12 3
9 PBS Base 82.98 2.32 3
10 Coal Pile 84.13 2.32 3
11 Codl Pile 84.61 2.32 4
12 Cod Pile 84.14 3.19 3
13 Cod Pile 40.27 4.62 2
14 Cod Pile 64.61 3.30 3
15 Coal Pile 79.55 2.49 3
16 Codl Pile 84.81 2.81 4
17 Coal Pile 85.07 2.31 3
18 Composite/Cod 85.70 2.31 3
19 Composite/Coal 85.67 2.32 4
20 Composite/Coal 66.20 2.99 3
21 Composite/Coal 79.88 2.49 3
22 Composite/Cod 79.33 3.28 3
23 Composite/Coal 43.05 4.14 2
24 Composite/Coal 85.96 2.23 3
25 Composite/Coal 85.86 2.28 4

2.2 Test Durations

Test durations, two to three hours, were determined by the need for test data, the
need to measure stability of operations, and the need to evaluate factors ranging
from mill fineness to air heater in-leakage. These required significant time.

23  Test Data Acquired

Fuel characterization was the initial test data set acquired. Fuel characterization
involved proximate, ultimate, ash elemental, mercury, trace metals, and higher
heating value heating analyses. Fuel characterizations were performed. Grab
samples were obtained from the feeders during each test. Grab samples were
composited for each day and daily averages were used in the analysis. The fuel
was then transported to the Allegheny Energy Supply laboratories at Greensburg,
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Pennsylvania, for analysis. Flyash samples were obtained both by isokenetic
samples. Isokenetic sampling was performed using high volume thimble. Flyash
samples were analyzed for unburned carbon and were analyzed at the Allegheny
laboratories. Mill fineness testing was performed by plant personnel. Mill

fineness tests were conducted during severa of the tests with each of the fuels.

Mill fineness test were conducted during three mill and four mill operations at full
load. A data matrix was developed for data to be acquired from the Pl system and
the Continuous emissions monitoring system (CEMS). The CEM S measures NOy
and SO»; it acquires and reports results from the opacity monitor. That data matrix
isshown in Table 3. The datawere acquired by the Pl system and the CEMS. In
addition to the test average data shown in Table 3, selected parameters were
analyzed using five- minute averages during the life of the test. These parameters
were used to measure stability of the unit operating on the different fuels. Such
parameters included main steam flow, main steam temperature, gross generation,

and excess Q. Those parameters included economizer gas outlet temperature,
main steam flow, excess O,, gross load, and net load.

The Testo™ instrument shown previously in Figure 1 was used to measure air
heater in-leakage and carbon monoxide emissions. Testing for air heater in
leakage was performed at the inlet and outlet of the air heater. The Testo™
instrument measured excess O, a eight ports across the air heater inlet, and
twelve ports across the air heater outlet. At the inlet there were four ports per
duct at the outlet there were six ports per duct. These provided the basis for
measuring air heater in-leakage based on differences in the measured volume
metric concentrations of excess Os.

The data were then analyzed by constructing approximate heat and material
balances about the boiler for each of the twenty-five tests conducted. These heat
and material balances are shown in Appendix A. Further, calculations were made
to estimate flame temperature. Finaly analysis was made by comparing results
between tests using a matched sample approach. Full load tests at normal Os and
three mills in operation were compared. Similarly minimum mid-load and high-
load tests were compared. Full load operations at three and four mills in
operation were compared. All of this provided avery clear picture on the value of
firing the composite fuel at R. Paul Smith Generating Station. In addition to the
heat balances the stability of various parameters was plotted and these provided a
comparative basis on operating with and without the composite fuel as afuel.

The test data provided the ability to analyze results on a matched set of individual
tests. Tests could be matched based upon the key variables. load, number of
pulverizers or mills in service, and excess O, as recorded by the Bailly control
system and acquired by the Pl data management system. Matched tests provided
the basis for analysis.
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Table3. Data Acquired from Boiler Control System

Data Paint

Pulverizer A coal flow (%)

Pulverizer B coa flow (%)

Pulverizer C coal flow (%)

Pulverizer D coal flow (%)

Pulverizer A amps

Pulverizer B amps

Pulverizer C amps

Pulverizer D amps

Pulverizer A outlet temp (F)

Pulverizer B outlet temp (F)

Pulverizer C outlet temp (F)

Pulverizer D outlet temp (F)

Burner Tilts

Excess O at furnace exit (wet %)

Excess O, at economizer exit

Excess O, at air heater exit

Load (MW, gross)

Load (MW, net)

Feedwater pressure (psig)

Feedwater temperature to final feedwater heater (F)

Feedwater temperature from final feedwater heater (F)

Feedwater flow (1b/h)

Main steam pressure (psig)

Main steam temperature (F)

Main steam flow (Ib/h)

Cold reheat steam pressure (psig)

Cold reheat steam temperature (F)

Cold reheat steam flow (Ib/hr)

Hot reheat steam pressure (psig)

Hot reheat steam temperature (F)

Ambient air temperature (F)

Air temperature to air heater (F)

Air temperature from air heater (F)

Gas temperature to air heater from the economizer (F)

Gas temperature exiting air heater (F)

Superheater attemperator spray (Ib/h)

SO, at CEMSin Ib/10° Btu

NOy at CEMSin Ib/10° Btu

Opacity at CEMS (%)
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30 TEST RESULTS

The results of the 25 tests conducted, as shown previously in Table 2, provide a very
detailed profile concerning firing the composite fuel/coal pile blend, the PBS base coal,
and normal coal pile coal at R. Paul Smith Generating Station. The tests demonstrate
both operational and emissions characteristics of this fuel.

31 Fuels Results

Table 4 presents a comparison of the dry proximate and ultimate analysis of the
fuels burned at R. Paul Smith. Table 5 provides the as received/as fired proximate
and ultimate analysis of the fuels burned at R. Paul Smith. Note that the baseline
and coa pile coas are dightly lower in moisture content than the composite fuel
blend. Note also that the composite fuel blend has the lowest ash concentration
and the highest calorific value. On and as received basis, the higher heating value
of the composite fuel/coal blend is 12,203 Btu/lb while the coa pile coal is 11,800
Btuw/lb and the higher heating value of the baseline of the PBS coal is 11,994
Btu/lb. The composite fuel, then, is somewhat enriched in heat content.

Table4. Average Proximate and Ultimate Analysis of the Fuels Burned, Oven Dry
Basis (valuesin wt %)

Fuel
Parameter Baseline PBS Coal Pile Composite Blend
Proximate Analysis
Ash 15.02 16.02 13.17
Volatile Matter 19.63 20.56 20.72
Fixed Carbon 65.53 63.44 66.11
Ultimate Analysis
Carbon 75.33 75.05 78.27
Hydrogen 3.94 3.92 4.06
Oxygen 3.53 2.58 2.16
Nitrogen 1.39 1.48 1.46
Sulfur 0.79 0.96 0.88
Chlorine 0.07 0.07 0.07
Ash 15.02 16.02 13.17
Higher Heating 13024 12765 13360
Value (Btu/lb)
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Table5. Average As-Received Proximate and Ultimate Analysis of the Fuels
Burned (valuesin wt %)

Parameter Fuel
Proximate Analysis Basdline Coal Pile Composite Blend
Moisture 7.91 7.56 8.66
Ash 13.84 14.83 12.03
Volatile Matter 19.63 20.56 20.72
Fixed Carbon 65.36 63.44 66.11
Ultimate Analysis
Carbon 69.38 69.38 71.49
Hydrogen 3.63 3.62 3.71
Oxygen 3.25 2.38 1.98
Nitrogen 1.28 1.36 1.33
Sulfur 0.73 0.88 0.81
Chlorine 0.06 0.06 0.06
Moisture 7.91 7.56 8.66
Ash 13.84 14.82 12.03
Higher Heating 11994 11800 12203
Value (Btu/lb)
Hardgrove 95 93 99
Grindability Index

The composite fuel/coal blend has the highest Hardgrove Grindability Index, 99,
indicating that it is a very soft coal. All of the coals have Hardgrove Grindability
Indexes higher than 90 indicating soft coal. The coa pile coal had the lowest
Hardgrove at 93. Note, also, that the coal pile coa has the highest sulfur
concentration, while the baseline coal has the lowest sulfur concentration. When
measured in Ibs of SO, per million Btu, the coal pile coal is substantially higher
than the alternative fuels.

Table 6 presents the ash elemental analyses of the three fuels taking the average
of each across the various samples measured. Note that there is very little
difference in ash characterization between the fuels. The composite fuel tends to
have alower silica concentration while the calcium concentration is a bit elevated
for thisfuel. That is consistent with firing alittle bit of pulp mill sSludge, which is
a wood based fuel, with higher calcium in its ash concentration. The composite
fuel aso shows dlightly elevated alumina concentrations and dlightly elevated
titanium concentrations. The base acid ratios and consequent slagging factors
associated with these three fuels are not appreciably different.
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Table 6. Ash Elemental Analyses for the Fuels Burned at R. Paul Smith (valuesin

wt %)
Parameter Fuel
Basdine Coal Pile Composite Blend

S0, 54.01 52.23 48.62
AlO3 27.64 26.65 27.58
TiO2 1.19 1.19 1.32
FeOs 221 2.26 2.04
Cao 1.43 1.29 2.06
NaO 0.03 0.02 0.03
MgO 0.83 0.72 0.72

K20 221 2.26 2.04

P,Os 0.46 0.45 0.44

SO3 1.96 2.36 2.18
Base/Acid Ratio 0.08 0.09 0.09

Tables 7 and 8 present the trace metal concentrations. All metals except mercury
and selenium are measured in milligrams per kilogram of ash. Mercury and
selenium are measured in milligram per kilogram of dry coal. Note that there is
relatively little difference in the concentration of metals between the different
fuels. The normal stockpiled coal, the coal pile coa appears to be somewhat
lower in arsenic concentration than the alternative fuels tested. The mercury
concentration in the composite fuel is dightly lower than the mercury
concentration in the normal stockpile fuel or the PBS fuel, however the variability
between fuels is sufficient to indicate that the concentrations of trace metals
between the different fuels and fuel blends is not significant. The variability
within each fudl is broader than the variability between fuels. The consequence of
this observation is the fact that the composite fuel does not improve trace metal
emissions from the power plant.

Table7. Trace Metal Analysesfor the FuelsBurned at R. Paul Smith (valuesin

mg/kg in Ash)
Metal Fuel
Basdine Coal Pile Composite Blend

Arsenic 54.4 421 48.1
Beryllium 8.10 6.08 7.06
Cadmium 1.80 1.78 1.76
Chromium 1755 162.6 195.1
Lead 64.7 62.7 62.2
Nickel 119.9 119.0 151.8
Vanadium 193.2 160.2 222.7
Zinc 221.4 179.4 233.7
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Table8. Mercury and Selenium Analysesfor the FuelsBurned at R. Paul Smith
(valuesin mg/kg in the fudl)

Metal Fuel
Basdine Coal Pile Composite Blend
Mercury 0.10 0.072 0.060
Selenium 2.40 3.03 242

4.0

The conclusion regarding the fuels is that the composite fuel/coa blend does
show an improved calorific value relative to the alternative coals. The composite
fuel/coal blend is only dlightly less reactive than the coa pile coa and
approximately as reactive as the baseline PBS coal, with reactivity being
measured as volatile matter divided by fixed carbon from the proximate analysis.
The composite fuel/coal blend does show reduced sulfur concentrations relative to
the coal pile coal. It also shows reduced ash concentrations relative to al fuels.

COAL HANDLING AND PREPARATION CHARACTERISTICS

Coa handling and preparation characteristics were evaluated by a detailed analysis of

pulverizer performance.

Tests for varying conditions were compared between the

baseline, coa pile coal, and the composite fuel/coa blend. The materias handling and
preparation aspects of the test provided critical insights into operational aspects of the use
of this fud.

4.1 Full Load, Three Mill, Normal O, Test Results

Tables 9 through 11 compare mill amps, mill outlet temperatures, and feeder
speeds, for the seven tests conducted at full load, with three mills in operation and
normal excess O,. Table No. 9 shows mill amps, Table No. 10 shows mill outlet
temperatures, and Table No. 11 shows feed speeds.

Table9. Comparison of Full Load 3 Mill 2.2 -2.3% O, Tests. Mill Amps

Test Fuel Mill Amps

B Mill C Mill D Mill
1 PBS Base 41 39.02 44.29
7 PBS Base 41.73 39.44 40.76
9 PBS Base 40.93 39.17 43.59
10 Coal Pile 44.03 41.08 45.13
17 Cod Pile 42.92 42.58 44.73
18 Composite Fuel 42.32 41.43 44.58
24 Composite Fuel 43.21 39.68 43.46
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Table 10. Comparison of Full Load 3 Mill 2.2 -2.3% O, Tests: Mill Outlet
Temperatures

Test Fuel Mill Outlet Temperature (°F)
B Mill C Mill D Mill
1 PBS Base 143.85 151.11 154.23
7 PBS Base 141.45 144.4 155.07
9 PBS Base 135.97 143.07 144.52
10 Coal Pile 144.87 140.85 144.79
17 Coal Pile 139.86 137.35 144.69
18 Composite Fuel 131.09 133.23 144.36
24 Composite Fuel 133.67 136.27 144.35
Table 11. Comparison of Full Load 3 Mill 2.2 -2.3% O, Tests: Mill Feeder Speeds
Test Fuel Mill Feeder Speeds (%)
B Mill C Mill D Mill
1 PBS Base 77.16 78.13 89.01
7 PBS Base 80.08 81.41 84.01
9 PBS Base 75.88 76.01 92.40
10 Codl Pile 74.21 78.28 89.78
17 Cod Pile 77.13 80.68 87.67
18 Composite Fuel 83.22 86.43 87.94
24 Composite Fuel 83.01 81.68 90.98

Note from these tests that the composite fuel/coal blend material handled as a
very wet coal. Regarding mill outlet temperatures, shown in Table 11, the B mill
on the composite fuel averaged 131° during Test 18 and 134° during Test 24.

Mill outlet temperatures on Mill C were similarly depressed when firing
composite fuel/coa blend. Thisis a condition consistent with wet coal. During
the conduct of Test 18, outlet temperatures deteriorated sufficiently that there was
serious consideration of abandoning the test and going to four mills to raise mill
outlet temperatures.

Mill feeder speeds similarly show significant differences between normal coa and
composite fuel/coal blend, again with emphasis on the B and C mills. Note that
the Test 18 showed the highest mill feeder speeds for the B and C mills although
the baseline coal during Test 9 showed the highest mill feeder speed for D Mill.
Again, the higher speeder feeds associated with the composite fuel/coal blend
indicate that the material handled as a wet fuel.

These results on mill outlet temperatures and mill feeder speeds are consistent
with similar results that were obtained in 1994 when blending sawdust and hybrid
poplar, a 3% biomass, with coal at the Shawville Generating Station. The
influence of biomass in a blend making the fuel appear very wet is not
inconsistent. It should be noted that during the entire test period significant
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thunderstorms did occur creating wetter than average fuel. This, however, is not

an uncommon situation.

Tables 12, 13 and 14 compare mill amps, mill outlet temperatures and mill feeder
speeds for the mid-load tests. Tables 15, 16 and 17 compare mill amps, oulet
temperatures and feeder speeds for the low load or minimum load tests. Note the
similar trends occur, although the outlet temperatures are sufficiently higher that
no concern existed regarding the operability of the unit, as was the case when

firing at 100% load and with three mills.

Table 12. Comparison of Mid Load (65—66 M W, net) 3 Mill 3.0—-3.3% O, Tests:

Mill Amps
Test Fuel Mill Amps
B Mill C Mill D Mill
4 PBS Base 36.48 35.36 37.03
14 Codl Pile 36.44 37.17 36.77
20 Composite Fuel 36.41 35.77 37.88

Table 13. Comparison of Mid Load (65—66 M W, net) 3 Mill 3.0—-3.3% O, Tests:
Mill Outlet Temperatures

Test Fuel Mill Amps
B Mill C Mill D Mill
4 PBS Base 159.41 165.26 164.99
14 Codl Pile 156.22 154.50 152.01
20 Composite Fuel 164.41 163.89 165.21

Table 14 Comparison of Mid Load (65 —-66 M W, net) 3 Mill 3.0-3.3% O, Tests:
Mill Feeder Speeds

Test Fuel Mill Feeder Speeds (%)
B Mill C Mill D Mill
4 PBS Base 60.25 60.32 61.59
14 Coal Pile 53.24 59.39 58.61
20 Composite Fuel 61.15 64.24 68.67
Table 15. Comparison of Low Load (39 - 43M W,, net) 2 Mill >4.0% O, Tests. Mill
Amps
Test Fuel Mill Amps
B Mill C Mill
3 PBS Base 35.20 34.40
13 Cod Pile 35.77 35.96
23 Composite Fuel 35.99 37.06
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Table 16. Comparison of Low Load (39 - 43M W, net) 2 Mill >4.0% O, Tests: Mill

Outlet Temperatures

Test Fuel Mill Outlet Temperature (°F)
B Mill C Mill
3 PBS Base 160.09 164.95
13 Coal Pile 154.51 153.73
23 Composite Fuel 150.29 150.31
Table17. Comparison of Low Load (39 - 43M Wg, net) 2 Mill >4.0% O, Tests. Mill
Feeder Speeds
Test Fuel Mill Feeder Speed (%)
B Mill C Mill
3 PBS Base 57.56 57.71
13 Coal Pile 51.69 57.61
23 Composite Fuel 61.49 70.91

Tables 18, 19 and 20 compare mill amps, outlet temperatures and feeder speeds
firing at full load but with four mills in operation. In Table 18 through 20 one
coal pile test is compared to two composite fuel/coal blend tests. Note again that
the mill outlet temperatures are lower when firing the composite fuel /coal blend.
This is particularly shown with B mill during Test 19. Note that mill feeder
speeds are typically higher with the composite fuel/coal blend than with the coal
pile coal, although again the situation is not comparable to operating with three
mills, when the operability of the unit was somewhat questionable over a long

period of time.

Table 18. Comparison of Full Load 4 Mill 2.2 -2.3% O, Tests: Mill Amps

Test Mill Amps
A Mill B Mill C Mill D Mill
11 Coa Pile 36.60 37.32 37.40 39.13
19 Composite Fuel 37.82 37.02 36.84 38.10
25 Composite Fuel 36.69 37.28 36.86 38.67
Table 19. Comparison of Full Load 4 Mill 2.2 -2.3% O, Tests: Mill Outlet
Temperatures
Test Mill Outlet Temper ature (°F)
A Mill B Mill C Mill D Mill
11 Coa Pile 165.52 160.22 159.12 160.60
19 Composite Fuel 164.69 140.39 155.19 162.02
25 Composite Fuel 153.52 154.26 155.23 163.64
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Table 20. Comparison of Full Load 4 Mill 2.2 —2.3% O, Tests: Mill Feeder Speeds
Test Mill Feeder Speed (%)

A Mill B Mill C Mill D Mill

11 Coal Pile 48.39 59.15 65.48 68.63

19 Composite Fuel 49.19 62.87 66.18 68.42

25 Composite Fuel 43.65 65.21 66.46 71.81

Tables 21 through 27 show mill fineness test results when comparing full load
testing at both three mill and four mill operation. Note that al tests showed
excellent mill performance. The tests for the coal pile coal showed dlightly lower
performance, particularly with respect to the amount of material passing the 200
mesh screen, when compared to the PBS baseline coa or to the composite
fuel/coal blend. Thisis adirect result of the lower Hardgrove Grindability Index
associated with the coal pile coal. The conclusion regarding material handling
and fuel preparation is that the composite fuel/coal blend handle “wetter” than
normal wet coal. Wet coal is experienced by all fuels during this period of time.
The weather was, perhaps, more favorable to the composite fuel/coal blend than
to the two coals. However not only did the composite fuel/coal blend exhibit
dightly more moisture in the fuel blend, but it also exhibited handling
characteristics of lower mill outlet temperatures and higher feeder speeds
associated with wetter fuels. Beyond those measures, there was anecdotally more
evidence of plugging during the composite fuel/coa blend testing than during the
other fud testing, particularly the coa pile coal testing. This is consistent with
the fact that the composite fuel/coa blend had lumps only supplied by the coal
pile cod to facilitate movement of the fuel. It is also consistent with the fact that
the fuel behaves as a “wetter” fuel.

This “wet” condition is not unexpected. The pulp mill sludge consists largely of
very fine short fibers. These fibers will attract and hold moisture. They create a
condition where moisture characteristics are significantly exhibited.

Table21. Mill Fineness Test, Test #1

Test #PBSBL-082703-1200-1500

Date: 8/27/03

Sampletime: 13:15-13:29

Mill # B C D

Mill Draft -0.49 -0.64 -0.61

Exhauster Discharge 12.17 14.82 15.31

Mill Current (Amps) | 41.53 38.43 44.61

Coal Air Temperature | 142.56 151.47 154.04

Feeder Speed 78.04 78.74 89.39

Classifier Setting 3.00 3.00 3.00

% on 50 Mesh Sieve 0.40 0.40 0.80

% thru 100 Mesh Sieve 95.00 94.20 93.20

% thru 200 Mesh Sieve 78.20 77.80 76.80
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Table22. Mill Fineness Test, Test #9
MILL FINENESS DATA

Test #PBSBL-082903-0800-1100

Date: 8/29/03

Sample time: 08:30 - 08:40

Mill # B C D

Mill Draft | -0.07 -0.38 -0.40

Exhauster Discharge | 10.83 14.91 15.62
Mill Current (Amps) | 40.95 39.03 43.49
Coal Air Temperature | 136.03 | 140.23 | 145.64
Feeder Speed | 75.17 75.71 93.43
Classifier Setting 3.00 3.00 3.00

% on 50 Mesh Sieve 0.20 0.20 0.60

% thru 100 Mesh Sieve | 95.60 94.80 93.80
% thru 200 Mesh Sieve | 79.80 79.20 78.00

Table 23. Mill Fineness Test, Test #10
Test #NSBL-090203-1000-1200

Date: 9/2/03

Sample time: 10:30 - 10:44

Mill # B C D

Mill Draft -0.63 -0.51 -0.28

Exhauster Discharge 12.81 14.90 15.56

Mill Current (Amps) | 44.03 41.69 45.27

Coal Air Temperature | 143.89 139.85 144.04

Feeder Speed 74.78 77.76 88.39

Classifier Setting 3.00 3.00 3.00

% on 50 Mesh Sieve 0.20 0.20 0.60

% thru 100 Mesh Sieve 95.50 94.60 93.40

% thru 200 Mesh Sieve 79.70 78.50 77.50

Table24. Mill Fineness Test, Test #11
Test #NSBL-090303-1100-1400

Date: 9/3/03

Sampletime: 13:10 - 13:31

Mill # A B C D

Mill Draft -1.40 -0.77 -0.30 -0.88

Exhauster Discharge 13.60 11.55 14.32 14.08
Mill Current (Amps) 36.68 38.14 38.29 38.50
Coal Air Temperature | 165.10 | 165.24 | 157.49 | 165.04
Feeder Speed | 47.78 61.04 65.57 65.69
Classifier Setting 3.00 3.00 3.00 3.00

% on 50 Mesh Sieve 0.20 0.20 0.20 0.60

% thru 100 Mesh Sieve | 96.30 95.30 94.10 92.70
% thru 200 Mesh Sieve 79.70 79.10 78.60 76.50
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Table25. Mill Fineness Test, Test #11

Test #NSBL-090203-1330-1530

Date: 9/2/03

Sample time: 14:17 - 14:38

Mill # A B C D
Mill Draft -1.39 -0.78 -0.70 -0.82
Exhauster Discharge 13.67 12.55 14.15 13.94
Mill Current (Amps) 36.89 37.62 37.23 39.32
Coal Air Temperature | 165.12 160.32 159.67 160.08
Feeder Speed | 48.89 59.01 65.61 68.73
Classifier Setting 3.00 3.00 3.00 3.00
% on 50 Mesh Sieve 0.20 0.20 0.20 0.60
% thru 100 Mesh Sieve | 95.20 95.10 94.40 93.10
% thru 200 Mesh Sieve 79.40 78.90 78.90 77.30
Table 26. Mill Fineness Test, Test #24
Test #GF-090803-0830-1130
Date: 9/8/03
Sample time: 09:07 - 09:17
Mill # B C D
Mill Draft -0.55 -0.49 -0.61
Exhauster Discharge 11.77 14.81 15.57
Mill Current (Amps) | 42.28 39.39 43.81
Coal Air Temperature | 133.35 135.99 142.90
Feeder Speed | 84.01 82.83 93.31
Classifier Setting 3.00 3.00 3.00
% on 50 Mesh Sieve 0.20 0.40 0.60
% thru 100 Mesh Sieve | 95.40 95.40 93.20
% thru 200 Mesh Sieve 79.00 80.60 75.40
Table 27. Mill Fineness Test, Test #25
Test #GF-090803-1200-1400
Date: 9/8/03
Sample time: 14:13 - 14:28
Mill # A B C D
Mill Draft -1.53 -1.03 -0.99 -0.70
Exhauster Discharge 13.07 11.04 14.03 13.96
Mill Current (Amps) | 36.67 37.17 36.54 38.38
Coal Air Temperature | 155.43 155.09 155.08 162.71
Feeder Speed | 43.83 65.92 66.69 71.50
Classifier Setting 3.00 3.00 3.00 3.00
% on 50 Mesh Sieve 0.40 0.20 0.40 0.60
% thru 100 Mesh Sieve 95.20 95.00 95.60 93.00
% thru 200 Mesh Sieve | 80.00 78.80 80.50 75.00
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50 BOILER OPERABILITY PERFORMANCE

Boiler performance issues include load, efficiency, and stability/operability. In no case
was capacity compromised by the firing of any fuel.

5.1  Efficiency Results

Efficiency results were measured by calculating ough heat balances about the
boiler using data from the Pl system, the Testo™, the fuel characterization, and
the flyash characterization. While all of the heat balances are shown in Appendix
A, Figures 3 though 5 illustrate heat balances firing PBS baseline coal, normal
coa pile coal, and the composite fuel at full load conditions.

Table 28 summarizes boiler efficiency as a function of conditions for each test.
Table 29 summarizes calculated flame temperatures for each test. Note that there
is normal variation in boiler efficiency as a function of fuel, load, and excess Os.
The fuel conditions associated with the composite fuel firing a higher calorific
value fuel provide the basis for dightly elevated boiler efficiencies when using
thisfuel. Those efficiencies are most pronounced compared to the coal pile coal.

The flame temperatures were calculated using the NASA combustion model.
Because firing was typically with low excess air, and with significant separated
overfire air, the flame temperaures were assumed to be about 75% of theoretical
flame temperatures. Note that there is only minor variability among all of the
flame temperatures. Note, also, that the composite fuel does not exhibit a
temperature profile significantly different from hat exhibited by either of the
coals.
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Material Balance Abo
Date: 29-Aug-03 No Descriptor
Time: 0800
1 |Solids Feed
2 /Amb Air
_ — 3 Heated Air
- 112 ] 4 lInleak Air
. — 5 |Bottom Ash
< 1147 4 6 |Flue Gas
7 Flue Gas
Air Heater, 8 [Flyash
R. Paul & 9 Boiler Fwater
E > Smith 10 'Sootbl & Bldn
Unit #4 11 Reheat Attemp
<— Boiler 12 Main Steam
< 13 Cold Reheat
Eff= 84.1% 14 |Hot Reheat
{7 >
o |
Parameter
Inputs
| Coal
E— Total Fuel
Air
Losses
E > Dry Gas Loss
Moisture in Fuel
Emissions Measured Hydrogen in Fuel
Pollutant ppmv Ib/MMBtu Moisture in Air
Oxides of Nitrogen (NO,) 160 0.340 Flyash
Sulfur Dioxide (SO;) 1.060 Bottom Ash
Opacity (%) 11.51% Fixed Losses
Carbon Monoxide (CO) 37 Useful Heat as Steam
Case Data
Date: 8/29/03 0800 hrs Operating Data
Fuels Data Load (MW-gross) 87.2
% Coal 100.0% Load (MW-net) 83.0
Coal HHV 12020  Btu/lb |Excess O; (plant-wet) 2.32%
SR = 1.130  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2680
Net Station Heat Rate (Btu/kwWh): 13725 NWR (Ib/kWh): 8.05

ut Boiler
Mass Pressure | Temp
(kpph) (psig) (F)
94.75 N/A 77
946.38 N/A 77
946.38 N/A 517
104.07 N/A 117
1.20 N/A 2500
1030.01 N/A 681
1134.08 N/A 361
13.59 N/A 361
668.53 1872.07 245
NC NC NC
7.89 1872.07 245
667.96 1521.68 1004
550.44 522.55 681
558.33 471.06 1004

Heat Balance About Boiler

MMBtu Percent
1138.91 | 100.00%
113891 | 100.00%
113891 100.00%
0.00 0.00%
180.95 | 15.89%
74.90 6.58%
10.30 0.90%
36.31 3.19%
1.64 0.14%
40.07 3.52%
0.64 0.06%
17.08 1.50%
957.96 | 84.11%

Figure 3. Heat and Mass Balance Firing PBS Base Coal at Full Load, 3 Mills,

Normal O,
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implifi , . i\

Date: 3-Sep-03
Time: 1430
< i
. 12
< 14
—
9 >
||
+—{11]

Material Balance Abo
No Descriptor

Solids Feed
Amb Air

Heated Air
Inleak Air
Bottom Ash
Flue Gas
Flue Gas
Flyash

Boiler Fwater
Sootbl & Bldn
Reheat Attemp
Main Steam
Cold Reheat
Hot Reheat

Air Heater
&

© 00N OU A WNRE

R. Paul
Smith
Unit #4
Boiler

=
w Nk o

Eff= 84.0%

[
N

o |
Parameter
Inputs
| Coal
E— Total Fuel
Air
Losses
E > Dry Gas Loss
Moisture in Fuel
Emissions Measured Hydrogen in Fuel
Pollutant ppmv Ib/MMBtu Moisture in Air
Oxides of Nitrogen (NO,) 177 0.330 Flyash
Sulfur Dioxide (SO;) 1.410 Bottom Ash
Opacity (%) 12.39% Fixed Losses
Carbon Monoxide (CO) Useful Heat as Steam
Case Data
Date: 9/3/03 1430 hrs Operating Data
Fuels Data Load (MW-gross) 89.5
% Coal 100.0% Load (MW-net) 85.1
Coal HHV 11880  Btu/lb |Excess O; (plant-wet) 2.31%
SR = 1.130  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2679
Net Station Heat Rate (Btu/kwWh): 13665 NWR (Ib/kWh): 7.93

ut Boiler
Mass Pressure | Temp
(kpph) (psig) (F)
97.85 N/A 77
981.18 N/A 77
981.18 N/A 510
107.73 N/A 115
1.34 N/A 2500
1066.65 N/A 672
1174.37 N/A 358
14.93 N/A 358
674.22 1847.60 247
NC NC NC
11.06 1847.60 247
674.81 1528.15 1006
561.95 531.81 665
573.01 479.11 1006

Heat Balance About Boiler

MMBtu Percent
1162.50 | 100.00%
1162.50 | 100.00%
1162.50  100.00%
0.00 0.00%
185.54 | 15.96%
76.86 6.61%
9.48 0.82%
37.87 3.26%
1.70 0.15%
41.49 3.57%
0.71 0.06%
17.44 1.50%
976.96 | 84.04%

Figure4. Heat and Mass Balance Firing Coal Pile Coal at Full Load, 3 Mills,

Normal O,
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Date: 6-Sep-03
Time: 1217
< i
. 12
< 14 y
Air Heater,
R. Paul &
9 »  Smith
Unit #4
<— Boiler

Eff= 84.5%

| IR
a
5 >
S
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 179 0.330
Sulfur Dioxide (SO,) 1.350
Opacity (%) 13.23%
Carbon Monoxide (CO)
Case Data
Date: 9/6/03 1217 hrs Operating Data
Fuels Data Load (MW-gross) 89.9
% Coal 100.0% Load (MW-net) 85.7
Coal HHV 12140  Btu/lb |Excess O; (plant-wet) 2.31%
SR = 1.130  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2686

Net Station Heat Rate (Btu/kwWh): 13365 NWR (Ib/kWh): 7.91

Material Balance About Boiler

No Descriptor

Solids Feed
Amb Air
Heated Air
Inleak Air
Bottom Ash
Flue Gas
Flue Gas
Flyash

Boiler Fwater
Sootbl & Bldn
Reheat Attemp
Main Steam

Cold Reheat
Hot Reheat

© 00N OU A WNRE

PR R R e
AW N R O

Mass  Pressure | Temp

(kpph)
94.35
981.71
981.71
107.64
1.18
1065.87
1173.51
12.69
677.68
NC
6.99
677.50

554.03
561.02

(psig)
N/A
N/A
N/A
N/A
N/A
N/A
NIA
N/A

1856.15
NC
1856.15
1528.61

524.72
473.21

Heat Balance About Boiler

Parameter
Inputs
Coal
Total Fuel
Air
Losses

Dry Gas Loss

Moisture in Fuel

Hydrogen in Fuel

Moisture in Air

Flyash

Bottom Ash

Fixed Losses
Useful Heat as Steam

MMBtu
1145.41

114541
1145.41

0.00
177.98
80.83
9.55
37.43
171
30.66
0.62
17.18
967.43

(F)
77
77
538
111
2500
707
373
373

245

NC
245
1001
685
1005

Percent
100.00%

100.00%
100.00%

0.00%
15.54%
7.06%
0.83%
3.27%
0.15%
2.68%
0.05%
1.50%
84.46%

Figure5. Heat and Mass Balance Firing the Composite Fuel/Coal Blend at Full

Load, 3 Mills, Normal O,
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Table 28. Boiler Efficiencies Calculated for Each Test
Test Fuel Load Millsin service Excess O, Boiler
(MWe, net) (%) Efficiency
(%)
1 PBS Base 83.79 3 2.34 84.43
2 PBS Base 83.21 3 2.80 83.92
3 PBS Base 39.9 2 4.27 85.32
4 PBS Base 64.72 3 2.99 84.88
5 PBS Base 79.77 3 242 84.74
6 PBS Base 79.48 3 343 85.23
7 PBS Base 82.74 3 2.33 84.34
8 PBS Base 82.16 3 3.12 84.85
9 PBS Base 82.98 3 2.32 84.11
10 Cod Pile 84.13 3 2.32 83.46
11 Coal Pile 84.61 4 2.32 83.43
12 Cod Pile 84.14 3 3.19 83.97
13 Coal Pile 40.27 2 4.62 85.21
14 Coal Pile 64.61 3 3.30 84.85
15 Cod Pile 79.55 3 2.49 84.69
16 Coal Pile 84.81 4 2.81 84.65
17 Cod Pile 85.07 3 231 84.04
18 Composite Fuel 85.70 3 231 84.46
19 Composite Fuel 85.67 4 2.32 84.35
20 Composite Fuel 66.20 3 2.99 85.12
21 | Composite Fuel 79.88 3 2.49 84.81
22 Composite Fuel 79.33 3 3.28 84.44
23 Composite Fuel 43.05 2 4.14 85.41
24 Composite Fuel 85.96 3 2.23 85.07
25 Composite Fuel 85.86 4 2.28 84.94
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Table 29. Estimated Flame Temperatures Calculated for Each Test
Test Fuel Load Millsin service | Excess O3 Flame Temp
(MWe, net) (%) (°F)
1 PBS Base 83.79 3 2.34 2694
2 PBS Base 83.21 3 2.80 2676
3 PBS Base 39.9 2 4.27 2592
4 PBS Base 64.72 3 2.99 2664
5 PBS Base 79.77 3 2.42 2687
6 PBS Base 79.48 3 343 2648
7 PBS Base 82.74 3 2.33 2692
8 PBS Base 82.16 3 312 2662
9 PBS Base 82.98 3 2.32 2680
10 Coal Pile 84.13 3 2.32 2677
11 Codl Pile 84.61 4 2.32 2680
12 Cod Pile 84.14 3 3.19 2645
13 Codl Pile 40.27 2 4.62 2560
14 Coal Pile 64.61 3 3.30 2637
15 Coal Pile 79.55 3 2.49 2672
16 Codl Pile 84.81 4 2.81 2661
17 Coal Pile 85.07 3 2.31 2679
18 Composite Fuel 85.70 3 2.31 2686
19 Composite Fuel 85.67 4 2.32 2686
20 Composite Fuel 66.20 3 2.99 2657
21 Composite Fuel 79.88 3 2.49 2679
22 Composite Fuel 79.33 3 3.28 2647
23 Composite Fuel 43.05 2 4.14 2594
24 Composite Fuel 85.96 3 2.23 2693
25 Composite Fuel 85.86 4 2.28 2692

5.2  Stability and Operability

The stability and operability of the unit when firing the composite fuel/coal blend
(Figures 6, 7, and 8) shows excess O, when firing at full load with three mills in
operation using PBS baseline coal, norma coal pile coal, and the composite
fuel/coa blends. Note that, in all cases, the excess G is very well managed.
There is no difficulty in controlling the unit at low excess O, levels when firing
the composite fuel/coa blend
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Figure 6. Excess O, Firing PBS Baseline Coal at Full
Load with 3 Mills in Operation (Test 9)
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Figure 7. Excess O, Firing Coal from the Coal Pile at
Full Load with 3 Mills in Operation (Test 10)
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Figure 8. Excess O, firing Granuflow/Coal Blend at Full
Load with 3 Mill Operations (Test 18)

3.00
.
2.50 PS * *
. L 2 2 . ¢ 2 X2
< oo 0”00 * %o ’QQ 00’0” 84 M
S .
5—5 2.00
o
£
ON 1.50
%]
(%]
()
o 1.00
x
L
0.50
OOO T T T T T T T
12:00 12:28 12:57 13:26 13:55 14:24 14:52 15:21 15:50
Time
Figure 9. Excess O, Firing Granuflow/Coal Blend at Full
Load, 3 Mills in Operation (Test 24)
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Figures 10 through 13 compare main steam flow firing the three different fuels at
full load with three mill operation. Again note that there is very good control with
al three fuels. The scatter on coal pile coa is somewhat higher than the PBS
baseline coal. The scatter on the composite fuel/coa blend is somewhat higher
than the scatter on either of the coals. However note that the composite fuel/coal
blend shows main steam flows ranging from 670,000 to 675,000 Ibs/hr with very
good control between 671,000 through 673,000 Ibs/hr. There is little difficulty
shown in controlling the unit when firing a blend of the composite fuel and cod
pile coal with respect to main steam production.

Figure 10. Main Steam Flow Firing PBS Baseline Coal at
Full Load with 3 Mills in Operation, Normal O, (Test 9)
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Figure 11. Main Steam Flow Firing Coal from Coal Pile
at Full Load, 3 Mills in Operation, Normal O, (Test 10)
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Figure 12. Main Steam Flow Firing Granuflow/Coal
~ " Milis in Operation and Normal O2 (Test 23)
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Figures 13 and 14 compare gross load in megawatts between normal coal pile
coa and the composite fuel/coal blend. Again these figures highlight the fact that
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there will be some scatter during normal operations, however, the composite

fuel/coal blend did not affect the ability to operate at a stable full load condition
for significant periods of time.

Figure 13. Gross Load Firing Coal from Coal Pile at Full
Load with 3 Mills in Operation and Normal O, (Test 10)
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Figure 14. Unit Output Firing the Granuflow/Coal Blend
at Full Load, 3 Mills in Operation, Normal O, (Test 18)
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In the construction of the heated material balances, two factors are important that
should not be missed: air heater in-leakage and unburned carbon in the flyash.
Air heater in-leakage was measured using the Testo™ equipment, comparing
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excess O, concentrations at the inlet and outlet of the air heater. Table 30
compares the inlet and outlet excess O, levels for these tests. Inleakage tests
were not conducted at all times but were conducted on several tests. The average
air heater in-leakage was approximately 9.5% and varied in a very tight range.
This shows excellent performance of the air heater seals, and consequently air
heater in-leakage did not contribute seriously to the performance of the boiler.

It is important to observe that the Testo™ measurements were made in 8 sampling
ports across two ducts at the air heater inlet, and in 12 sampling ports across two
ducts at the air heater outlet. However the measurements were taken at only one
depth—approximately 2.5 ft into the duct—due to limitations on the equipment
probe. These measurements do not represent a full grid, however they are
sufficiently accurate to depict air heater inleakage.

Table 30. Inlet and Outlet Excess O, Averagesfor Selected Tests

Test No. Test Date & Time Excess O, Measurements (total %)
Air Heater Inlet Air Heater Outlet
1 Aug 27: 12:00 3.0 5.2
3 August 28: 0030 53 7.6
4 August 28: 0300 34 5.7
7 August 18: 1300 3.2 4.9
8 August 28: 1700 3.9 5.8
9 August 29: 0800 3.1 4.9
11 Sep 2: 1000 2.7 4.8
18 Sep 6: 1217 3.1 5.2

Unburned carbon was measured in the isokenetic samples of flyash. Table 31
shows the unburned carbon in the flyash as a function of sample along with loss
on ignition. Note that the unburned carbon results for all tests were in the same
range, dependent on load, demonstrating that the firing of the composite fuel/coal
blend did not significantly influence this parameter. The firing of this blend was
in the middle of the range exhibited by the PBS base coal. The firing of coal from
the normal coal pile was at the upper end of that range.

37



Foster Wheeler Power Group, Inc.
Allegheny Energy — R. Paul Smith Generating Station
Results of Testing a Composite Fuel / Coal Blend

Table 31. Unburned Carbon Measured for Selected Tests

Test No. Dateand Time Fuel Gross L oad Unburn(_ad

(MWe) whagivi
1 Aug 27: 1200 PBS Base 88.13 15.0
6 Aug 28: 0945 PBS Base 83.75 11.0
7 Aug 28: 1300 PBS Base 86.95 17.5
8 Aug 28: 1700 PBS Base 86.44 12.6
9 Aug 29: 0800 PBS Base 87.23 20.5
10 Sep 2: 1000 Coal Pile 88.61 19.6
11 Sep 2: 1330 Cod Pile 88.98 194
12 Sep 20 1610 Cod PFile 88.61 15.7
15 Sep 3: 0700 Coad Pile 83.96 17.2
16 Sep 3: 1100 Coal Pile 89.31 15.1
17 Sep 3 1430 Coad Pile 89.46 19.3
24 Sep 8: 0830 | Composite Fuel 90.17 15.8
25 Sep 8 1200 | Composite Fuel 90.20 15.0
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6.0 EMISSIONSRESULTSFROM TESTING

During the testing, four airborne emissions were characterized: NOx, SO», opacity, and
CO. NOx, SO, and opacity were characterized using CEMS data. CO emissions were
characterized measuring CO at the outlet of the economizer, rather than the outlet of the
air heater. CO emissions were measured by use of the Testo™ instrument as previously
noted. Measurements were taken at the inlet of the air heater, using the 8 sampling ports
in the two ducts. As mentioned previously, the probe was inserted to a constant depth,
rather than to a grid, due to limitations of the instrument. Tables 32 through 35 provide
data concerning NOX, SO», opacity, and CO for al tests.

It is important to put the emissions as measured within a regulatory context. Sulfur
dioxide emissions from the combustion of solid fuel are limited to 1.8 1b/10° Btu by
Maryland state regulation and by the facility’s Title V Operating Permit. Compliance
with thislimit is based on a 24-hour daily block average. Average annua SO, emissions
for Unit 4 have been recorded by Continuous Emission Monitors in the range of 1.48-
1.54 |b/10° Btu over the last 3 years.

NOx emissions are limited to 0.45 Ib/MMBtu for Unit #4 by the facility’s Title V
Operating Permit. Compliance with this limit is based on a 30-day rolling average.
Average annual NOx emissions of 0.41 Ib/MMBtu have been recorded by Continuous
Emission Monitors on Unit 4 for the last 3 years.

Visible emissions serve as an indicator of particulate emissions removal performance.
Visible emissions are limited to 20% opacity by Maryland state regulation and the
facility’s Title V Operating Permit. Compliance with this limit is based on a 6minute
average. Certain operating Situations (e.g. startup, occasional cleaning of control
equipment) are exempt from this requirement, provided opacity does not exceed 40% for
more than 6 consecutive minutes in any 60- minute period.

In al testing, al of the emissions were well within the regulatory limits discussed above,
and contained in the Title V Permit. The CO emissions were measured for most, but not
al tests. Test staffing and equipment limitations precluded CO measurement during
selected tests. However all load conditions were tested for the composite fuel/coal
blends, and all conditions except high load (~80 MWe) were characterized for all fuels.
Because CO measurements are reported in ppmvd, it is useful to summarize them
corrected to 3% O2 (dry basis). Such asummary is presented in Table 36.
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Table 32. NOy Emissions Measured by CEM S for Each Test
Test Fuel Load Millsin Excess O, NOx Emissions
(M Wg, net) service (%, total (Ib/MM Btu)
basis)
1 PBS Base 83.79 3 2.34 0.34
2 PBS Base 83.21 3 2.80 0.36
3 PBS Base 39.9 2 4.27 0.43
4 PBS Base 64.72 3 2.99 0.30
5 PBS Base 79.77 3 242 0.42
6 PBS Base 79.48 3 3.43 0.38
7 PBS Base 82.74 3 2.33 0.32
8 PBS Base 82.16 3 3.12 0.38
9 PBS Base 82.98 3 2.32 0.34
10 Codl Pile 84.13 3 2.32 0.33
11 Codl Pile 84.61 4 2.32 0.37
12 Codl Pile 84.14 3 3.19 0.39
13 Coal Pile 40.27 2 4.62 0.37
14 Coal Pile 64.61 3 3.30 0.33
15 Codl Pile 79.55 3 2.49 0.37
16 Coal Pile 84.81 4 2.81 0.41
17 Codl Pile 85.07 3 2.31 0.33
18 Composite Fuel 85.70 3 231 0.33
19 Composite Fuel 85.67 4 2.32 0.37
20 Composite Fuel 66.20 3 2.99 0.35
21 Composite Fuel 79.88 3 2.49 0.33
22 Composite Fuel 79.33 3 3.28 0.37
23 Composite Fuel 43.05 2 4.14 0.32
24 Composite Fuel 85.96 3 2.23 0.35
25 Composite Fuel 85.86 4 2.28 0.38
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Table 33.

SO, Emissions Measured by CEMS for Each Test

Test Fuel L oad Millsin service | Excess O3 SO,
(M Wg, net) (%, total Emissions
basis) (Ib/MMBtu)
1 PBS Base 83.79 3 2.34 1.15
2 PBS Base 83.21 3 2.80 1.16
3 PBS Base 39.9 2 4.27 1.11
4 PBS Base 64.72 3 2.99 1.13
5 PBS Base 79.77 3 2.42 0.93
6 PBS Base 79.48 3 3.43 1.12
7 PBS Base 82.74 3 2.33 1.16
8 PBS Base 82.16 3 3.12 1.17
9 PBS Base 82.98 3 2.32 1.06
10 Coal Pile 84.13 3 2.32 1.39
11 Coal Pile 84.61 4 2.32 1.38
12 Coal Pile 84.14 3 3.19 1.37
13 Coal Pile 40.27 2 4.62 1.33
14 Coal Pile 64.61 3 3.30 1.36
15 Coal Pile 79.55 3 2.49 1.23
16 Coal Pile 84.81 4 2.81 1.42
17 Coal Pile 85.07 3 2.31 141
18 Composite Fuel 85.70 3 2.31 1.35
19 Composite Fuel 85.67 4 2.32 131
20 Composite Fuel 66.20 3 2.99 1.19
21 Composite Fuel 79.88 3 2.49 1.30
22 Composite Fuel 79.33 3 3.28 1.28
23 Composite Fuel 43.05 2 4.14 1.29
24 Composite Fuel 85.96 3 2.23 1.15
25 Composite Fuel 85.86 4 2.28 1.23
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Table 34.

Opacity Measured by CEMS for Each Test

Test Fuel L oad Millsin service | Excess O3 Opacity (%)
(M Wg, net) (%, total
basis)
1 PBS Base 83.79 3 2.34 11.09
2 PBS Base 83.21 3 2.80 11.64
3 PBS Base 39.9 2 4.27 12.23
4 PBS Base 64.72 3 2.99 12.77
5 PBS Base 79.77 3 2.42 12.83
6 PBS Base 79.48 3 3.43 14.88
7 PBS Base 82.74 3 2.33 10.10
8 PBS Base 82.16 3 3.12 11.91
9 PBS Base 82.98 3 2.32 1151
10 Coa Pile 84.13 3 2.32 13.71
11 Coal Pile 84.61 4 2.32 12.13
12 Coal Pile 84.14 3 3.19 10.99
13 Coa Pile 40.27 2 4.62 12.83
14 Coal Pile 64.61 3 3.30 12.59
15 Coal Pile 79.55 3 2.49 11.82
16 Coal Pile 84.81 4 2.81 10.99
17 Coa Pile 85.07 3 2.31 12.39
18 | Composite Fuel 85.70 3 2.31 13.23
19 | Composite Fuel 85.67 4 2.32 14.52
20 | Composite Fuel 66.20 3 2.99 10.00
21 | Composite Fuel 79.88 3 2.49 13.19
22 | Composite Fuel 79.33 3 3.28 12.94
23 Composite Fuel 43.05 2 4.14 10.10
24 Composite Fuel 85.96 3 2.23 14.67
25 | Composite Fuel 85.86 4 2.28 11.70
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Table 35. CO Emissions Measured by Testo I nstrumentation at the Economizer
Outlet (Air Heater Inlet) for Most Tests

Test Fuel L oad Millsin service | Excess O3 CO
(MWe, net) (%, total Emissions
basis) (ppmvd)

1 PBS Base 83.79 3 2.34 37
2 PBS Base 83.21 3 2.80
3 PBS Base 39.9 2 4.27 20
4 PBS Base 64.72 3 2.99 33
5 PBS Base 79.77 3 242
6 PBS Base 79.48 3 343
7 PBS Base 82.74 3 2.33 43
8 PBS Base 82.16 3 312
9 PBS Base 82.98 3 2.32 37
10 Coal Pile 84.13 3 2.32 117
11 Coal Pile 84.61 4 2.32 20
12 Coal Pile 84.14 3 3.19 19
13 Coal Pile 40.27 2 4.62 4
14 Coal Pile 64.61 3 3.30 21
15 Coal Pile 79.55 3 2.49
16 Coal Pile 84.81 4 2.81 15
17 Coal Pile 85.07 3 2.31 106
18 Composite Fuel 85.70 3 231 56
19 Composite Fuel 85.67 4 2.32 21
20 Composite Fuel 66.20 3 2.99 32
21 Composite Fuel 79.88 3 2.49 32
22 Composite Fuel 79.33 3 3.28 28
23 Composite Fuel 43.05 2 4.14 12
24 Composite Fuel 85.96 3 2.23 51
25 Composite Fuel 85.86 4 2.28 22
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Table 36. Summary of CO Emissionsin ppmvd corrected to 3% O,

Operating Conditions Fuel

Load No. of Mills| ExcessO, | PBSBase | Cod Pile Composite

(MWe, net) | inService (total %) Coa Fuel / coa
blend

83-86 3 2.2-2.3 37 114 56

83-86 3 2.2-2.3 44 102 50

83-86 3 2.2-2.3 37

83-86 4 2.2-2.3 22

83-86 4 2.2-2.3 20 22

83-86 4 2.7-3.0 15

83-86 3 3.1-3.3 20

79-80 3 2.4-2.5 31

79-80 3 3.0-35 29

64-67 3 3.0-3.3 34 22 32

39-41 2 4.3-4.6 23 4.3 14

It is useful to compare the emissions when firing at given conditions. Table 37 compares
emissions of NOy, SO,, and opacity for full load, three mill, and normal O, tests. Note
that the NOy emissions are not influenced by fuel. Table 38 compares emissions results
for mid-1oad tests while Table 39 compares emissions for low load or minimal load tests.
Note that the mid-load tests were conducted at 3.0 to 3.3% excess O, while the low load
tests were conducted at greater than 4% excess O,. Those are normal positions on the
operating curve. With respect to these tables, with the exception of SO, (governed by
fuel characteristics) the rankings of the various tests change as a function of load, with
particular attention to NOy emissions.

Table 37. Comparison of Full Load 3 Mill 2.2-2.3% O, Tests: Airborne Emissions

Test Fuel Emission
NOy (Ib/10° Btu) | SO, (Ib/10° Btu) | Opacity (%)
1 PBS Base 0.34 1.15 11.09
7 PBS Base 0.32 1.16 10.10
9 PBS Base 0.34 1.06 11.51
10 Coal Pile 0.33 1.39 13.71
17 Coal Pile 0.33 1.41 12.39
18 Composite Fuel 0.33 1.35 13.23
24 Composite Fuel 0.35 1.15 14.67
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Table 38. Comparison of Mid Load (65—66 M W, net) 3 Mill 3.0—3.3% O, Tests:

Emissions
Test Fuel Emission
NOy (Ib/10° Btu) | SO, (Ib/10° Btu) | Opacity (%)
4 PBS Base 0.30 1.13 12.77
14 Cod Pile 0.37 1.33 12.83
20 Composite Fuel 0.35 1.19 10.00
Table 39. Comparison of Low Load (40 —43 MWk, net) 2 Mill >4.0% O, Tests:
Emissions
Test Fuel Emission
NOy (Ib/10° Btu) | SO, (Ib/10° Btu) | Opacity (%)
4 PBS Base 0.43 1.11 12.23
14 Cod Pile 0.37 1.33 12.83
20 Composite Fuel 0.32 1.29 10.10

Table 40 compares emissions on high load tests depending on excess G. Note the
change in position as a function of fuel fired for NOy again. Fuel has apparently no
dominant influence on NOx emissions when switching from baseline PBS coal to normal
cod pile cod to the composite fuel/coa blend. The SO, emissions are governed by
sulfur content of the fuel.

Table40. Comparison of High Load (~80 MW, net) 3 Mill Tests: Airborne

Emissions
Test Fuel 02 (%) Emission
NOy (Ib/10° Btu) | SO» (Ib/10° Btu) | Opacity (%)
5 PBS Base 242 0.42 0.93 12.83
6 PBS Base 3.43 0.38 1.12 14.88
15 Codl Pile 2.49 0.37 1.23 11.82
21 Composite Fuel 2.49 0.33 1.30 13.19
22 Composite Fuel 3.28 0.37 1.28 12.94
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7.0 CONCLUSIONS

Table 41 compares full load three mill tests firing baseline PBS coal, coal pile coa and
the composite fuel. The comparison is based on efficiency, flame temperature, NOx
emissions and opacity. This comparison recognizes the influence of sulfur in the fuel
driving SO;.

There is an apparent minor improvement in boiler efficiency as a function of using the
composite fuel/ coal blend. This minor improvement in efficiency is probably a function
of the higher calorific value in the composite fuel/coal blended fuel. Thereis no apparent
difference in flame temperatures between the different fuels. The normal coal pile coal
may burn dightly cooler, however, the calculations are within a range of 15 degrees, and
are therefore well within the range of calculation error. The coa pile coal shows
arithmetically the best NOy emissions, however the range for this testing is such that the
tested fuels did not have significant influence on NOx emissions. The composite fuel
apparently is somewhat higher in opacity emissions than either the PBS coa or the
normal coa pile coal. The PBS coa exhibits the lowest opacity percentages.

Table4l. Comparative Results of Firing 3 Fuelsat Full Load with 3 Millsin

Operation
Test Fuel(*) Load | Excess Boiler Estimated NOx Opacity
(MWe, | Oz (%) | Efficiency Flame Emissions (%)
net) (%) |Temp(°F)| (Ib/10®
Btu)

1 PBS Base 83.79 2.32 84.43 2694 0.34 11.09
7 PBS Base 82.74 2.33 84.34 2692 0.32 10.10
9 PBS Base 82.98 2.32 84.11 2680 0.34 11.51
10 Coa Pile 84.13 2.32 84.46 2677 0.33 13.71
17 Coa Pile 85.07 2.31 84.04 2679 0.33 12.39
18 | Composite Fuel/Coal | 85.70 2.31 84.46 2686 0.33 13.23
24 | Composite Fuel/Coal | 85.96 2.23 85.07 2693 0.35 14.67

In addition to the boiler performance data, however, the comparison of pulverizer
performance clearly shows that the composite fuel/coal is the most difficult of the three
fuels from a handling and preparation perspective. This is born out, also, by anecdotal
evidence. The composite fuel/coa blend exhibits more characteristics of a wet coal.
Thisis shown in mill feeder speeds and mill outlet temperatures.

In conclusion, the boiler performance from a capacity, efficiency, and operability
perspective shows no difficulties associated with using the composite fuel/coa blend.
The data concerning airborne emissions aso show that the composite fuel/coal blend
does not materially change the emissions profile of the unit to such an extent that it would
be significant. The material handling and coa preparation, however, do show that the
composite fuel, and the composite fuel/coa blend to be more difficult to manage than
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either of the coals. The composite fud, in fact, could not be used by itsdf. The
composite fuel/coal blend showed characteristics of avery wet coal.
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Appendix A: Heat and M aterial Balances
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Date: 27-Aug-03
Time: 1200
< | e |
- 12
< 14
13 > Air Heater,
o
R. Paul £
9 »  Smith
Unit #4
Boiler
Eff= 84.4%
Mg
—s >
T
[ 1—
5 >
Emissions Measured
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 182 0.340
Sulfur Dioxide (SO,) 1.150
Opacity (%) 11.09%
Carbon Monoxide (CO) 37
Case Data
Date: 8/27/03 1200 hrs Operating Data
Euels Data Load (MW-gross) 88.1
% Coal 100.0% Load (MW-net) 83.8
Coal HHV 11988  Btu/lb |Excess O, (plant-wet) 2.34%
SR = 1.132 AirLeakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2694

Net Station Heat Rate (Btu/kWh): 13606 NWR (Ib/kWh):

8.00
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Material Balance About Boiler

No 'Descriptor Mass Pressure
(kpph) (psig)
1 Solids Feed 95.10 N/A
2 |Amb Air 962.50 N/A
3 |Heated Air 962.50 N/A
4 Inleak Air 105.41 N/A
5 Bottom Ash 142 N/A
6 Flue Gas 1044.71 N/A
7 |Flue Gas 1150.12 N/A
8 |Flyash 15.06 N/A
9 Boiler Fwater 670.79 1868.33
10 |Sootbl & Bldn NC NC
11 Reheat Attemp 7.60 1868.33
12 'Main Steam 670.05 1527.10
13 Cold Reheat 551.50 525.38
14 Hot Reheat 559.10 473.17
Heat Balance About Boiler
Parameter MMBtu
Inputs 1140.06
Coal 1140.06
Total Fuel 1140.06
Air 0.00
Losses 177.56
Dry Gas Loss 80.45
Moisture in Fuel 7.52
Hydrogen in Fuel 37.27
Moisture in Air 1.68
Flyash 32.79
Bottom Ash 0.76
Fixed Losses 17.10
Useful Heat as Steam 962.50

2500

377

244
1011

1010

Percent

100.00%
100.00%
100.00%
0.00%
15.57%
7.06%
0.66%
3.27%
0.15%
2.88%
0.07%
1.50%
84.43%
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Date: 27-Aug-03
Time: 1545
< | e |
« 12
< [14]
f13] > Air Heaterfg—{ 4 | —
o
R. Paul £
>
9 »  Smith
Unit #4
Boiler
Eff= 83.9%
Mg
—s >
4|Ii|—’
[ 1—
5 >
Emissions Measured
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 189 0.360
Sulfur Dioxide (SO,) 1.160
Opacity (%) 11.64%
Carbon Monoxide (CO)
Case Data
Date: 8/27/03 1545 hrs Operating Data
Euels Data Load (MW-gross) 87.6
% Coal 100.0% Load (MW-net) 83.2
Coal HHV 11988  Btu/lb Excess O (plant-wet) 2.80%
SR = 1.161 AirLeakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2676
Net Station Heat Rate (Btu/kWh): 13661 NWR (Ib/kWh): = 8.05
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Material Balance About Boiler

No 'Descriptor Mass Pressure
(kpph) (psig)
1 Solids Feed 94.82 N/A
2 |Amb Air 981.65 N/A
3 |Heated Air 981.65 N/A
4 Inleak Air 107.41 N/A
5 Bottom Ash 142 N/A
6 Flue Gas 1063.45 N/A
7 Flue Gas 1170.86 N/A
8 |Flyash 15.33 N/A
9 Boiler Fwater 671.01 1869.32
10 |Sootbl & Bldn NC NC
11 Reheat Attemp 5.46 1869.32
12 'Main Steam 670.10 1527.55
13 Cold Reheat 552.96 524.10
14 Hot Reheat 558.42 471.59
Heat Balance About Boiler
Parameter MMBtu
Inputs 1136.71
Coal 1136.71
Total Fuel 1136.71
Air 0.00
Losses 182.79
Dry Gas Loss 81.61
Moisture in Fuel 7.49
Hydrogen in Fuel 37.15
Moisture in Air 1.71
Flyash 37.03
Bottom Ash 0.75
Fixed Losses 17.05
Useful Heat as Steam 953.92

2500

375

246
1010

1010

Percent

100.00%
100.00%
100.00%
0.00%
16.08%
7.18%
0.66%
3.27%
0.15%
3.26%
0.07%
1.50%
83.92%
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Date: 28-Aug-03
Time: 0030
< | e |
< 12
< [14]
13 > Air Heater,
o
R. Paul £
a
9 »  Smith
Unit #4
Boiler
Eff= 85.3%
Bing
—s >
T
[ 1—
15 | >
Emissions Measured
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 199 0.430
Sulfur Dioxide (SO,) 1.110
Opacity (%) 12.23%
Carbon Monoxide (CO) 20
Case Data
Date: 8/28/03 0030 hrs Operating Data
Euels Data Load (MW-gross) 42.8
% Coal 100.0% Load (MW-net) 39.9
Coal HHV 11969  Btu/lb Excess O (plant-wet) 4.27%
SR = 1.269 AirLeakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2592
Net Station Heat Rate (Btu/kWh): 13393 NWR (Ib/kWh): 7.91
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Material Balance About Boiler

No 'Descriptor Mass Pressure = Temp
(kpph) (psig) (3]
1 Solids Feed 44.65 N/A 77
2 |Amb Air 491.55 N/A 77
3 Heated Air 491.55 N/A 489
4 Inleak Air 53.80 N/A 118
5 Bottom Ash 0.62 N/A 2500
6 Flue Gas 530.70 N/A 581
7 |Flue Gas 584.50 N/A 314
8 |Flyash 6.70 N/A 314
9 Boiler Fwater 319.79 1891.54 208
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 0.55 1891.54 208
12 'Main Steam 315.73 1462.07 981
13 Cold Reheat 265.00 240.11 628
14 Hot Reheat 265.55 213.83 959
Heat Balance About Boiler
Parameter MMBtu  Percent
Inputs 534.38 100.00%
Coal 534.38 100.00%
Total Fuel 534.38 100.00%
Air 0.00 0.00%
Losses 78.46 14.68%
Dry Gas Loss 32.29 6.04%
Moisture in Fuel 4.15 0.78%
Hydrogen in Fuel 16.75 3.13%
Moisture in Air 0.84 0.16%
Flyash 16.09 3.01%
Bottom Ash 0.33 0.06%
Fixed Losses 8.02 1.50%
Useful Heat as Steam 455.92 85.32%
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Date: 28-Aug-03
Time: 0300
< | e |
< 12
< [14]
13 > Air Heater,
o
R. Paul £
a
9 »  Smith
Unit #4
Boiler
Eff= 84.9%
Bing
—s >
T
[ 1—
15 | >
Emissions Measured
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 159 0.300
Sulfur Dioxide (SO,) 1.130
Opacity (%) 12.77%
Carbon Monoxide (CO) 33
Case Data
Date: 8/28/03 0300 hrs Operating Data
Euels Data Load (MW-gross) 68.6
% Coal 100.0% Load (MW-net) 64.7
Coal HHV 11969  Btu/lb Excess O (plant-wet) 2.99%
SR = 1.175 AirLeakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2664
Net Station Heat Rate (Btu/kWh): 13363 NWR (Ib/kWh): 7.82

52

Material Balance About Boiler

No 'Descriptor Mass Pressure
(kpph) (psig)
1 Solids Feed 72.26 N/A
2 |Amb Air 736.57 N/A
3 |Heated Air 736.57 N/A
4 Inleak Air 80.86 N/A
5 Bottom Ash 1.00 N/A
6 Flue Gas 799.76 N/A
7 Flue Gas 880.62 N/A
8 |Flyash 10.84 N/A
9 Boiler Fwater 508.18 2077.69
10 |Sootbl & Bldn NC NC
11 Reheat Attemp 3.64 2077.69
12 'Main Steam 506.31 1452.55
13 Cold Reheat 419.22 394.97
14 Hot Reheat 422.86 355.00
Heat Balance About Boiler
Parameter MMBtu
Inputs 864.84
Coal 864.84
Total Fuel 864.84
Air 0.00
Losses 130.77
Dry Gas Loss 55.60
Moisture in Fuel 6.80
Hydrogen in Fuel 27.48
Moisture in Air 1.27
Flyash 26.12
Bottom Ash 0.53
Fixed Losses 12.97
Useful Heat as Steam 734.07

(F)

77
523
115

2500
659

Percent

100.00%
100.00%
100.00%
0.00%
15.12%
6.43%
0.79%
3.18%
0.15%
3.02%
0.06%
1.50%
84.88%
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Date: 28-Aug-03
Time: 0710
< | e |
- 12
< 14
13 > Air Heater,
o
R. Paul £
a
9 »  Smith
Unit #4
Boiler
Eff= 84.7%
Mg
—s >
T
[ 1—
15 | >
Emissions Measured
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 157 0.420
Sulfur Dioxide (SO,) 0.930
Opacity (%) 12.83%
Carbon Monoxide (CO) 0
Case Data
Date: 8/28/03 0710 hrs Operating Data
Euels Data Load (MW-gross) 84.0
% Coal 100.0% Load (MW-net) 79.8
Coal HHV 11969  Btu/lb |Excess O, (plant-wet) 2.42%
SR = 1.137 AirLeakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2687
Net Station Heat Rate (Btu/kWh): 13508 NWR (Ib/kWh): 8.04
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Material Balance About Boiler

No 'Descriptor Mass Pressure
(kpph) (psig)
1 Solids Feed 90.03 N/A
2 |Amb Air 888.40 N/A
3 Heated Air 888.40 N/A
4 Inleak Air 97.66 N/A
5 Bottom Ash 1.25 N/A
6 Flue Gas 967.03 N/A
7 Flue Gas 1064.69 N/A
8 |Flyash 13.50 N/A
9 Boiler Fwater 641.67 1912.48
10 |Sootbl & Bldn NC NC
11 Reheat Attemp 4.79 1912.48
12 'Main Steam 641.39 1492.44
13 Cold Reheat 528.96 499.23
14 Hot Reheat 533.75 449.17
Heat Balance About Boiler
Parameter MMBtu
Inputs 1077.51
Coal 1077.51
Total Fuel 1077.51
Air 0.00
Losses 164.45
Dry Gas Loss 70.57
Moisture in Fuel 8.52
Hydrogen in Fuel 34.41
Moisture in Air 1.54
Flyash 32.58
Bottom Ash 0.66
Fixed Losses 16.16
Useful Heat as Steam 913.06

(F)

77
530
112

2500
689
362
362

NC
242
1001

1006

Percent

100.00%
100.00%
100.00%
0.00%
15.26%
6.55%
0.79%
3.19%
0.14%
3.02%
0.06%
1.50%
84.74%
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Date: 28-Aug-03
Time: 0945
< | e |
- 12
< [14]
13 > Air Heater,
o
R. Paul £
9 »  Smith
Unit #4
Boiler
Eff= 85.2%
Mg
—s >
T
[ 1—
5 >
Emissions Measured
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 197 0.380
Sulfur Dioxide (SO,) 1.120
Opacity (%) 14.88%
Carbon Monoxide (CO) 0
Case Data
Date: 8/28/03 0945 hrs Operating Data
Euels Data Load (MW-gross) 83.8
% Coal 100.0% Load (MW-net) 79.5
Coal HHV 11969  Btu/lb |Excess O, (plant-wet) 3.43%
SR = 1.206 AirLeakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2648

Net Station Heat Rate (Btu/kWh):

13384 NWR (Ib/kWh): 8.09

Material Balance About Boiler

No 'Descriptor Mass Pressure
(kpph) (psig)
1 Solids Feed 88.88 N/A
2 |Amb Air 938.71 N/A
3 |Heated Air 938.71 N/A
4 Inleak Air 102.90 N/A
5 Bottom Ash 1.24 N/A
6 Flue Gas 1017.17 N/A
7 Flue Gas 1120.08 N/A
8 |Flyash 12.47 N/A
9 Boiler Fwater 643.65 1910.84
10 |Sootbl & Bldn NC NC
11 Reheat Attemp 271 1910.84
12 'Main Steam 643.24 1494.00
13 Cold Reheat 520.39 498.05
14 Hot Reheat 523.10 447.79
Heat Balance About Boiler
Parameter MMBtu
Inputs 1063.75
Coal 1063.75
Total Fuel 1063.75
Air 0.00
Losses 157.09
Dry Gas Loss 76.25
Moisture in Fuel 8.43
Hydrogen in Fuel 34.06
Moisture in Air 1.63
Flyash 20.10
Bottom Ash 0.65
Fixed Losses 15.96
Useful Heat as Steam 906.66

(F)

77
530
116

2500
702
369
369

NC
243
1004

1006

Percent

100.00%
100.00%
100.00%
0.00%
14.77%
7.17%
0.79%
3.20%
0.15%
1.89%
0.06%
1.50%
85.23%
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Material Balance Abo
Date: 28-Aug-03 No Descriptor
Time: 1300
1 |Solids Feed
2 /Amb Air
_ — 3 Heated Air
- 112 ] 4 lInleak Air
. — 5 |Bottom Ash
< 1147 4 6 |Flue Gas
7 Flue Gas
Air Heater, 8 [Flyash
R. Paul & 9 Boiler Fwater
El; > Smith 10 Sootbl & Bldn
Unit #4 11 Reheat Attemp
<— Boiler 12 Main Steam
< 13 Cold Reheat
Eff= 84.3% 14 |Hot Reheat
{7 >
o |
Parameter
Inputs
| Coal
E— Total Fuel
Air
Losses
E > Dry Gas Loss
Moisture in Fuel
Emissions Measured Hydrogen in Fuel
Pollutant ppmv Ib/MMBtu Moisture in Air
Oxides of Nitrogen (NO,) 179 0.320 Flyash
Sulfur Dioxide (SO;) 1.160 Bottom Ash
Opacity (%) 10.10% Fixed Losses
Carbon Monoxide (CO) 43 Useful Heat as Steam
Case Data
Date: 8/28/03 1300 hrs Operating Data
Fuels Data Load (MW-gross) 87.0
% Coal 100.0% Load (MW-net) 82.7
Coal HHV 11969  Btu/lb |Excess O; (plant-wet) 2.33%
SR = 1.131  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2692
Net Station Heat Rate (Btu/kwWh): 13667 NWR (Ib/kWh): 8.10
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ut Boiler
Mass Pressure | Temp
(kpph) (psig) (F)
94.48 N/A 77
926.09 N/A 77
926.09 N/A 534
101.83 N/A 120
1.31 N/A 2500
1008.49 N/A 700
1110.32 N/A 373
14.31 N/A 373
670.77 1868.24 245
NC NC NC
5.69 1868.24 245
670.14 1523.09 1004
554.53 523.95 699
560.22 471.42 1006

Heat Balance About Boiler

MMBtu Percent
1130.81 | 100.00%
1130.81 | 100.00%
1130.81  100.00%
0.00 0.00%
177.13 | 15.66%
76.44 6.76%
8.98 0.79%
36.27 3.21%
161 0.14%
36.17 3.20%
0.70 0.06%
16.96 1.50%
953.68 | 84.34%
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Material Balance About Boiler

Date:  28-Aug-03 No Descriptor Mass Pressure | Temp
Time: 1700 (kpph) (psig) (F)
1 Solids Feed 93.26 N/A 77
2 /Amb Air 964.99 N/A 77
P N 3 Heated Air 964.99 N/A 534
x 112 ] 4 |Inleak Air 105.87 N/A 122
_ — 5 |Bottom Ash 1.30 N/A 2500
w 1147 y 6 Flue Gas 1047.08 N/A 708
7 |Flue Gas 1152.95 N/A 377
Air Heater, 8 |Flyash 13.33 N/A 377
R. Paul & 9 Boiler Fwater 672.11 1871.87 246
E > smith 10 |Sootbl & Bldn NC NC NC
Unit #4 11 |Reheat Attemp 3.40 1871.87 246
<— Boiler 12 Main Steam 671.35 1525.21 1004
< 13 Cold Reheat 553.84 521.13 714
Eff= 84.9% 14 |Hot Reheat 557.24 468.14 1006
{7 >
4-—>
| Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 1116.20 100.00%
| Coal 111620 | 100.00%
1+ Total Fuel 111620  100.00%
Air 0.00 0.00%
Losses 169.05 15.15%
E > Dry Gas Loss 80.70 7.23%
Moisture in Fuel 8.88 0.80%
Emissions Measured Hydrogen in Fuel 35.86 3.21%
Pollutant ppmv Ib/MMBtu Moisture in Air 1.68 0.15%
Oxides of Nitrogen (NO,) 201 0.380 Flyash 24,51 2.20%
Sulfur Dioxide (SO,) 1.170 Bottom Ash 0.69 0.06%
Opacity (%) 11.91% Fixed Losses 16.74 1.50%
Carbon Monoxide (CO) 0 Useful Heat as Steam 947.15 84.85%
Case Data
Date: 8/28/03 1700 hrs Operating Data
Fuels Data Load (MW-gross) 86.4
% Coal 100.0% Load (MW-net) 82.2
Coal HHV 11969  Btu/lb |Excess O; (plant-wet) 3.12%
SR = 1.184  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2662

Net Station Heat Rate (Btu/kwWh): 13586 NWR (Ib/kWh): 8.17

56



W

Foster Wheeler Power Group, Inc.
Allegheny Energy — R. Paul Smith Generating Station
Results of Testing a Composite Fuel / Coal Blend

Material Balance Abo
Date: 29-Aug-03 No Descriptor
Time: 0800
1 |Solids Feed
2 /Amb Air
_ — 3 Heated Air
- 112 ] 4 lInleak Air
. — 5 |Bottom Ash
< 1147 4 6 |Flue Gas
7 Flue Gas
Air Heater, 8 [Flyash
R. Paul & 9 Boiler Fwater
E > Smith 10 'Sootbl & Bldn
Unit #4 11 Reheat Attemp
<— Boiler 12 Main Steam
< 13 Cold Reheat
Eff= 84.1% 14 |Hot Reheat
{7 >
o |
Parameter
Inputs
| Coal
E— Total Fuel
Air
Losses
E > Dry Gas Loss
Moisture in Fuel
Emissions Measured Hydrogen in Fuel
Pollutant ppmv Ib/MMBtu Moisture in Air
Oxides of Nitrogen (NO,) 160 0.340 Flyash
Sulfur Dioxide (SO;) 1.060 Bottom Ash
Opacity (%) 11.51% Fixed Losses
Carbon Monoxide (CO) 37 Useful Heat as Steam
Case Data
Date: 8/29/03 0800 hrs Operating Data
Fuels Data Load (MW-gross) 87.2
% Coal 100.0% Load (MW-net) 83.0
Coal HHV 12020  Btu/lb |Excess O; (plant-wet) 2.32%
SR = 1.130  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2680
Net Station Heat Rate (Btu/kwWh): 13725 NWR (Ib/kWh): 8.05

57

ut Boiler
Mass Pressure | Temp
(kpph) (psig) (F)
94.75 N/A 77
946.38 N/A 77
946.38 N/A 517
104.07 N/A 117
1.20 N/A 2500
1030.01 N/A 681
1134.08 N/A 361
13.59 N/A 361
668.53 1872.07 245
NC NC NC
7.89 1872.07 245
667.96 1521.68 1004
550.44 522.55 681
558.33 471.06 1004

Heat Balance About Boiler

MMBtu Percent
1138.91 | 100.00%
113891 | 100.00%
113891 100.00%
0.00 0.00%
180.95 | 15.89%
74.90 6.58%
10.30 0.90%
36.31 3.19%
1.64 0.14%
40.07 3.52%
0.64 0.06%
17.08 1.50%
957.96 | 84.11%



W

Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station

Results of Testing a Composite Fuel / Coal Blend

Date: 2-Sep-03
Time: 1000
< i
. 12
< 14 y
Air Heater,
R. Paul &
9 »  Smith
Unit #4
<— Boiler
Eff= 83.5%
{7 >
| IR
a
5 >
S
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 178 0.330
Sulfur Dioxide (SO,) 1.390
Opacity (%) 13.71%
Carbon Monoxide (CO) 26
Case Data
Date: 9/2/03 1000 hrs Operating Data
Fuels Data Load (MW-gross) 88.6
% Coal 100.0% Load (MW-net) 84.1
Coal HHV 11719 Btu/lb |Excess O; (plant-wet) 2.32%
SR = 1.130  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2677
Net Station Heat Rate (Btu/kwWh): 13995 NWR (Ib/kWh): 8.03

58

Material Balance About Boiler

No Descriptor Mass Pressure = Temp
(kpph) (psig) (F)
1 Solids Feed 100.47 N/A 77
2 Amb Air 993.00 N/A 77
3 |Heated Air 993.00 N/A 506
4 Inleak Air 108.81 N/A 111
5 |Bottom Ash 1.60 N/A 2500
6 |Flue Gas 1077.93 N/A 667
7 |Flue Gas 1186.74 N/A 357
8 Flyash 17.94 N/A 357
9 Boiler Fwater 679.03 1847.24 246
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 7.89 1847.24 246
12 Main Steam 675.62 1523.98 1000
13 |Cold Reheat 550.26 526.57 654
14 Hot Reheat 561.43 475.95 1005
Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 1177.37 100.00%
Coal 1177.37 | 100.00%
Total Fuel 1177.37 100.00%
Air 0.00 0.00%
Losses 194.77 16.54%
Dry Gas Loss 77.32 6.57%
Moisture in Fuel 8.29 0.70%
Hydrogen in Fuel 38.33 3.26%
Moisture in Air 1.72 0.15%
Flyash 50.60 4.30%
Bottom Ash 0.85 0.07%
Fixed Losses 17.66 1.50%
Useful Heat as Steam 982.60 83.46%



W

Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station
Results of Testing a Composite Fuel / Coal Blend

Material Balance Abo
Date: 2-Sep-03 No Descriptor
Time: 1330
1 |Solids Feed
2 /Amb Air
_ — 3 Heated Air
- 112 ] 4 lInleak Air
. — 5 |Bottom Ash
< 1147 4 6 |Flue Gas
7 Flue Gas
Air Heater, 8 [Flyash
R. Paul & 9 Boiler Fwater
E > Smith 10 'Sootbl & Bldn
Unit #4 11 Reheat Attemp
<— Boiler 12 Main Steam
< 13 Cold Reheat
Eff= 83.4% 14 |Hot Reheat
{7 >
o |
Parameter
Inputs
| Coal
E— Total Fuel
Air
Losses
E > Dry Gas Loss
Moisture in Fuel
Emissions Measured Hydrogen in Fuel
Pollutant ppmv Ib/MMBtu Moisture in Air
Oxides of Nitrogen (NO,) 199 0.370 Flyash
Sulfur Dioxide (SO;) 1.380 Bottom Ash
Opacity (%) 12.13% Fixed Losses
Carbon Monoxide (CO) 20 Useful Heat as Steam
Case Data
Date: 9/2/03 1330 hrs Operating Data
Fuels Data Load (MW-gross) 89.0
% Coal 100.0% Load (MW-net) 84.6
Coal HHV 11719 Btu/lb |Excess O; (plant-wet) 2.32%
SR = 1.130  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2680
Net Station Heat Rate (Btu/kwWh): 13806 NWR (Ib/kWh): 7.99
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ut Boiler
Mass Pressure | Temp
(kpph) (psig) (F)
99.68 N/A 77
985.62 N/A 77
985.62 N/A 510
108.00 N/A 114
1.59 N/A 2500
1069.92 N/A 664
1177.92 N/A 360
17.75 N/A 360
675.77 1852.00 246
NC NC NC
9.75 1852.00 246
676.33 1527.18 1001
557.99 529.37 667
567.74 478.00 1005

Heat Balance About Boiler

MMBtu Percent
1168.12 | 100.00%
1168.12 | 100.00%
1168.12  100.00%
0.00 0.00%
193.58 | 16.57%
77.61 6.64%
8.23 0.70%
38.08 3.26%
171 0.15%
49.59 4.25%
0.84 0.07%
17.52 1.50%
97454 | 83.43%



W

Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station

Results of Testing a Composite Fuel / Coal Blend

Date: 2-Sep-03
Time: 1610
< i
. 12
< 14 y
Air Heater,
R. Paul &
9 »  Smith
Unit #4
<— Boiler
Eff= 84.0%
{7 >
| IR
a
5 >
S
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 199 0.390
Sulfur Dioxide (SO;) 1.370
Opacity (%) 10.99%
Carbon Monoxide (CO) 19
Case Data
Date: 9/2/03 1610 hrs Operating Data
Fuels Data Load (MW-gross) 88.6
% Coal 100.0% Load (MW-net) 84.1
Coal HHV 11719 Btu/lb |Excess O; (plant-wet) 3.19%
SR = 1.188  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2645
Net Station Heat Rate (Btu/kwWh): 13674 NWR (Ib/kWh): 8.05

60

Material Balance About Boiler

No Descriptor Mass Pressure = Temp
(kpph) (psig) (F)
1 Solids Feed 98.18 N/A 77
2 Amb Air 1028.39 N/A 77
3 |Heated Air 1028.39 N/A 506
4 Inleak Air 112.44 N/A 114
5 |Bottom Ash 1.57 N/A 2500
6 |Flue Gas 1112.17 N/A 674
7 |Flue Gas 1224.61 N/A 360
8 Flyash 16.72 N/A 360
9 Boiler Fwater 676.59 1855.19 246
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 6.73 1855.19 246
12 Main Steam 677.58 1527.49 997
13 |Cold Reheat 558.27 526.78 684
14 Hot Reheat 565.00 474.57 1005
Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 1150.49 100.00%
Coal 1150.49 100.00%
Total Fuel 1150.49 100.00%
Air 0.00 0.00%
Losses 184.45 16.03%
Dry Gas Loss 80.99 7.04%
Moisture in Fuel 8.11 0.70%
Hydrogen in Fuel 37.51 3.26%
Moisture in Air 1.78 0.15%
Flyash 37.98 3.30%
Bottom Ash 0.83 0.07%
Fixed Losses 17.26 1.50%
Useful Heat as Steam 966.04 83.97%



W

Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station
Results of Testing a Composite Fuel / Coal Blend

Material Balance About Boiler

Date: 3-Sep-03 No Descriptor Mass Pressure | Temp
Time: 0030 (kpph) (psig) (F)
1 Solids Feed 45.43 N/A 77
2 /Amb Air 524.89 N/A 77
P N 3 Heated Air 524.89 N/A 471
x 112 ] 4 |Inleak Air 57.32 N/A 111
_ — 5 |Bottom Ash 0.62 N/A 2500
w 1147 y 6 Flue Gas 564.95 N/A 674
7 |Flue Gas 622.27 N/A 303
Air Heater, 8 |Flyash 6.71 N/A 303
R. Paul & 9 Boiler Fwater 321.89 1875.19 209
E > smith 10 |Sootbl & Bldn NC NC NC
Unit #4 11 |Reheat Attemp 1.30 1875.19 209
<— Boiler 12 Main Steam 318.72 1470.21 953
< 13 Cold Reheat 267.00 240.45 586
Eff= 85.2% 14 |Hot Reheat 268.30 215.69 948
{7 >
4-—>
| Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 539.75 100.00%
| Coal 539.75 | 100.00%
1+ Total Fuel 539.75 100.00%
Air 0.00 0.00%
Losses 79.81 14.79%
E > Dry Gas Loss 32.86 6.09%
Moisture in Fuel 431 0.80%
Emissions Measured Hydrogen in Fuel 17.21 3.19%
Pollutant ppmv Ib/MMBtu Moisture in Air 0.89 0.16%
Oxides of Nitrogen (NO,) 171 0.370 Flyash 16.12 2.99%
Sulfur Dioxide (SO,) 1.330 Bottom Ash 0.33 0.06%
Opacity (%) 12.83% Fixed Losses 8.10 1.50%
Carbon Monoxide (CO) 4 Useful Heat as Steam 459.94 85.21%
Case Data
Date: 9/3/03 0030 hrs Operating Data
Fuels Data Load (MW-gross) 43.1
% Coal 100.0% Load (MW-net) 40.3
Coal HHV 11880  Btu/lb |Excess O; (plant-wet) 4.62%
SR = 1.296  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2560
Net Station Heat Rate (Btu/kwWh): 13403 NWR (Ib/kWh): 7.91

61
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Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station
Results of Testing a Composite Fuel / Coal Blend

Date: 3-Sep-03
Time: 0300
< i
. 12
< 14 y
Air Heater,
R. Paul &
9 »  Smith
Unit #4
<— Boiler
Eff= 84.8%
{7 >
| IR
a
5 >
S
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 168 0.330
Sulfur Dioxide (SO,) 1.360
Opacity (%) 12.59%
Carbon Monoxide (CO) 21
Case Data
Date: 9/3/03 0300 hrs Operating Data
Fuels Data Load (MW-gross) 68.5
% Coal 100.0% Load (MW-net) 64.6
Coal HHV 11880  Btu/lb |Excess O; (plant-wet) 3.30%
SR = 1.196  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2637
Net Station Heat Rate (Btu/kwWh): 13254 NWR (Ib/kWh): 7.65

62

Material Balance About Boiler

No Descriptor Mass Pressure = Temp
(kpph) (psig) (F)
1 Solids Feed 72.08 N/A 77
2 Amb Air 768.49 N/A 77
3 |Heated Air 768.49 N/A 499
4 Inleak Air 84.17 N/A 108
5 |Bottom Ash 0.99 N/A 2500
6 |Flue Gas 831.85 N/A 629
7 |Flue Gas 916.02 N/A 334
8 Flyash 10.65 N/A 334
9 Boiler Fwater 496.83 2082.27 230
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 5.93 2082.27 230
12 Main Steam 494.58 1520.54 1005
13 |Cold Reheat 412.01 386.86 634
14 Hot Reheat 417.94 348.02 1005
Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 856.32 100.00%
Coal 856.32 | 100.00%
Total Fuel 856.32 100.00%
Air 0.00 0.00%
Losses 129.77 15.15%
Dry Gas Loss 54.88 6.41%
Moisture in Fuel 6.92 0.81%
Hydrogen in Fuel 27.64 3.23%
Moisture in Air 1.32 0.15%
Flyash 25.65 3.00%
Bottom Ash 0.52 0.06%
Fixed Losses 12.84 1.50%
Useful Heat as Steam 726.55 84.85%



W

Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station

Results of Testing a Composite Fuel / Coal Blend

Date: 3-Sep-03
Time: 0700
< i
. 12
< 14 y
Air Heater,
R. Paul &
9 »  Smith
Unit #4
<— Boiler
Eff= 84.7%
{7 >
| IR
a
5 >
S
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 163 0.370
Sulfur Dioxide (SO;) 1.230
Opacity (%) 11.82%
Carbon Monoxide (CO)
Case Data
Date: 9/3/03 0700 hrs Operating Data
Fuels Data Load (MW-gross) 83.9
% Coal 100.0% Load (MW-net) 79.6
Coal HHV 11880  Btu/lb |Excess O; (plant-wet) 2.49%
SR = 1.141  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2672
Net Station Heat Rate (Btu/kwWh): 13518 NWR (Ib/kWh): 7.83

63

Material Balance About Boiler

No Descriptor Mass Pressure = Temp
(kpph) (psig) (F)
1 Solids Feed 90.52 N/A 77
2 Amb Air 919.89 N/A 77
3 |Heated Air 919.89 N/A 506
4 Inleak Air 100.94 N/A 108
5 |Bottom Ash 1.24 N/A 2500
6 |Flue Gas 999.26 N/A 661
7 |Flue Gas 1100.20 N/A 348
8 Flyash 13.46 N/A 348
9 Boiler Fwater 623.41 1920.80 243
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 11.31 1920.80 243
12 Main Steam 623.05 1518.37 1006
13 |Cold Reheat 517.41 491.79 645
14 Hot Reheat 528.72 443.81 1005
Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 1075.36 100.00%
Coal 1075.36 | 100.00%
Total Fuel 1075.36 100.00%
Air 0.00 0.00%
Losses 164.69 15.31%
Dry Gas Loss 69.30 6.44%
Moisture in Fuel 8.73 0.81%
Hydrogen in Fuel 34.89 3.24%
Moisture in Air 1.59 0.15%
Flyash 33.39 3.11%
Bottom Ash 0.66 0.06%
Fixed Losses 16.13 1.50%
Useful Heat as Steam 910.67 84.69%



W

Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station

Results of Testing a Composite Fuel / Coal Blend

Date: 3-Sep-03
Time: 1100
< i
. 12
< 14 y
Air Heater,
R. Paul &
9 »  Smith
Unit #4
<— Boiler
Eff= 84.6%
{7 >
| IR
a
5 >
S
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 217 0.410
Sulfur Dioxide (SO;) 1.420
Opacity (%) 10.99%
Carbon Monoxide (CO)
Case Data
Date: 9/3/03 1100 hrs Operating Data
Fuels Data Load (MW-gross) 89.3
% Coal 100.0% Load (MW-net) 84.8
Coal HHV 11880  Btu/lb |Excess O; (plant-wet) 2.81%
SR = 1.162  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2661
Net Station Heat Rate (Btu/kwWh): 13527 NWR (Ib/kWh): 7.98

Material Balance About Boiler

No Descriptor Mass Pressure = Temp
(kpph) (psig) (F)
1 Solids Feed 96.57 N/A 77
2 Amb Air 1002.99 N/A 77
3 |Heated Air 1002.99 N/A 512
4 Inleak Air 109.97 N/A 111
5 |Bottom Ash 1.32 N/A 2500
6 |Flue Gas 1087.99 N/A 676
7 |Flue Gas 1197.96 N/A 360
8 Flyash 14.00 N/A 360
9 Boiler Fwater 676.00 1850.61 247
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 8.69 1850.61 247
12 Main Steam 676.54 1528.28 1002
13 |Cold Reheat 561.12 529.68 677
14 Hot Reheat 569.81 476.71 1006
Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 1147.25 100.00%
Coal 1147.25 100.00%
Total Fuel 1147.25 100.00%
Air 0.00 0.00%
Losses 176.13 15.35%
Dry Gas Loss 79.08 6.89%
Moisture in Fuel 9.36 0.82%
Hydrogen in Fuel 37.40 3.26%
Moisture in Air 1.74 0.15%
Flyash 30.63 2.67%
Bottom Ash 0.70 0.06%
Fixed Losses 17.21 1.50%
Useful Heat as Steam 971.13 84.65%
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Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station

Results of Testing a Composite Fuel / Coal Blend

Date: 3-Sep-03
Time: 1430
< i
. 12
< 14 y
Air Heater,
R. Paul &
9 »  Smith
Unit #4
<— Boiler
Eff= 84.0%
{7 >
| IR
a
5 >
S
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 177 0.330
Sulfur Dioxide (SO;) 1.410
Opacity (%) 12.39%
Carbon Monoxide (CO)
Case Data
Date: 9/3/03 1430 hrs Operating Data
Fuels Data Load (MW-gross) 89.5
% Coal 100.0% Load (MW-net) 85.1
Coal HHV 11880  Btu/lb |Excess O; (plant-wet) 2.31%
SR = 1.130  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2679
Net Station Heat Rate (Btu/kwWh): 13665 NWR (Ib/kWh): 7.93

65

Material Balance About Boiler

No Descriptor Mass Pressure = Temp
(kpph) (psig) (F)
1 Solids Feed 97.85 N/A 77
2 Amb Air 981.18 N/A 77
3 |Heated Air 981.18 N/A 510
4 Inleak Air 107.73 N/A 115
5 |Bottom Ash 1.34 N/A 2500
6 |Flue Gas 1066.65 N/A 672
7 |Flue Gas 1174.37 N/A 358
8 Flyash 14.93 N/A 358
9 Boiler Fwater 674.22 1847.60 247
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 11.06 1847.60 247
12 Main Steam 674.81 1528.15 1006
13 |Cold Reheat 561.95 531.81 665
14 Hot Reheat 573.01 479.11 1006
Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 1162.50 100.00%
Coal 1162.50 | 100.00%
Total Fuel 1162.50 100.00%
Air 0.00 0.00%
Losses 185.54 15.96%
Dry Gas Loss 76.86 6.61%
Moisture in Fuel 9.48 0.82%
Hydrogen in Fuel 37.87 3.26%
Moisture in Air 1.70 0.15%
Flyash 41.49 3.57%
Bottom Ash 0.71 0.06%
Fixed Losses 17.44 1.50%
Useful Heat as Steam 976.96 84.04%
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Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station

Results of Testing a Composite Fuel / Coal Blend

Date: 6-Sep-03
Time: 1217
< i
. 12
< 14 y
Air Heater,
R. Paul &
9 »  Smith
Unit #4
<— Boiler
Eff= 84.5%
{7 >
| IR
a
5 >
S
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 179 0.330
Sulfur Dioxide (SO,) 1.350
Opacity (%) 13.23%
Carbon Monoxide (CO)
Case Data
Date: 9/6/03 1217 hrs Operating Data
Fuels Data Load (MW-gross) 89.9
% Coal 100.0% Load (MW-net) 85.7
Coal HHV 12140  Btu/lb |Excess O; (plant-wet) 2.31%
SR = 1.130  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2686
Net Station Heat Rate (Btu/kwWh): 13365 NWR (Ib/kWh): 7.91

66

Material Balance About Boiler

No Descriptor Mass Pressure = Temp
(kpph) (psig) (F)
1 Solids Feed 94.35 N/A 77
2 Amb Air 981.71 N/A 77
3 |Heated Air 981.71 N/A 538
4 Inleak Air 107.64 N/A 111
5 |Bottom Ash 1.18 N/A 2500
6 |Flue Gas 1065.87 N/A 707
7 |Flue Gas 1173.51 N/A 373
8 Flyash 12.69 N/A 373
9 Boiler Fwater 677.68 1856.15 245
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 6.99 1856.15 245
12 Main Steam 677.50 1528.61 1001
13 |Cold Reheat 554.03 524.72 685
14 Hot Reheat 561.02 473.21 1005
Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 1145.41 100.00%
Coal 1145.41 100.00%
Total Fuel 1145.41 100.00%
Air 0.00 0.00%
Losses 177.98 15.54%
Dry Gas Loss 80.83 7.06%
Moisture in Fuel 9.55 0.83%
Hydrogen in Fuel 37.43 3.27%
Moisture in Air 1.71 0.15%
Flyash 30.66 2.68%
Bottom Ash 0.62 0.05%
Fixed Losses 17.18 1.50%
Useful Heat as Steam 967.43 84.46%
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Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station

Results of Testing a Composite Fuel / Coal Blend

Date: 6-Sep-03
Time: 1550
< i
. 12
< 14 y
Air Heater,
R. Paul &
9 »  Smith
Unit #4
<— Boiler
Eff= 84.4%
{7 >
| IR
a
5 >
S
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 207 0.370
Sulfur Dioxide (SO;) 1.310
Opacity (%) 14.52%
Carbon Monoxide (CO)
Case Data
Date: 9/6/03 1550 hrs Operating Data
Fuels Data Load (MW-gross) 90.0
% Coal 100.0% Load (MW-net) 85.7
Coal HHV 12140  Btu/lb |Excess O; (plant-wet) 2.32%
SR = 1.130  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2686
Net Station Heat Rate (Btu/kwWh): 13413 NWR (Ib/kWh): 7.88

67

Material Balance About Boiler

No Descriptor Mass Pressure = Temp
(kpph) (psig) (F)
1 Solids Feed 94.66 N/A 77
2 Amb Air 984.89 N/A 77
3 |Heated Air 984.89 N/A 538
4 Inleak Air 107.99 N/A 114
5 |Bottom Ash 1.18 N/A 2500
6 |Flue Gas 1069.32 N/A 699
7 |Flue Gas 1177.31 N/A 377
8 Flyash 12.73 N/A 377
9 Boiler Fwater 674.69 1857.23 246
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 8.70 1857.23 246
12 Main Steam 675.32 1527.04 1002
13 |Cold Reheat 556.91 527.49 677
14 Hot Reheat 565.61 475.17 1005
Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 1149.13 100.00%
Coal 1149.13 100.00%
Total Fuel 1149.13 100.00%
Air 0.00 0.00%
Losses 179.79 15.65%
Dry Gas Loss 82.24 7.16%
Moisture in Fuel 9.60 0.84%
Hydrogen in Fuel 37.61 3.27%
Moisture in Air 1.72 0.15%
Flyash 30.77 2.68%
Bottom Ash 0.63 0.05%
Fixed Losses 17.24 1.50%
Useful Heat as Steam 969.33 84.35%
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Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station
Results of Testing a Composite Fuel / Coal Blend

Date: 7-Sep-03
Time: 0805
< i
. 12
< 14 y
Air Heater,
R. Paul &
9 »  Smith
Unit #4
<— Boiler
Eff= 85.1%
{7 >
| IR
a
5 >
S
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 142 0.350
Sulfur Dioxide (SO;) 1.190
Opacity (%) 10.00%
Carbon Monoxide (CO)
Case Data
Date: 9/7/03 0805 hrs Operating Data
Fuels Data Load (MW-gross) 70.0
% Coal 100.0% Load (MW-net) 66.2
Coal HHV 12174  Btu/lb |Excess O; (plant-wet) 2.99%
SR = 1.175  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2657
Net Station Heat Rate (Btu/kwWh): 13075 NWR (Ib/kWh): 7.67

68

Material Balance About Boiler

No Descriptor Mass Pressure = Temp
(kpph) (psig) (F)
1 Solids Feed 71.10 N/A 77
2 Amb Air 759.06 N/A 77
3 |Heated Air 759.06 N/A 524
4 Inleak Air 83.23 N/A 104
5 |Bottom Ash 0.86 N/A 2500
6 |Flue Gas 822.81 N/A 666
7 |Flue Gas 906.04 N/A 344
8 Flyash 9.31 N/A 344
9 Boiler Fwater 508.18 2075.72 232
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 4.51 2075.72 232
12 Main Steam 507.58 1453.91 1004
13 |Cold Reheat 418.55 394.21 661
14 Hot Reheat 423.06 354.91 1005
Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 865.56 100.00%
Coal 865.56 | 100.00%
Total Fuel 865.56 100.00%
Air 0.00 0.00%
Losses 128.80 14.88%
Dry Gas Loss 56.40 6.52%
Moisture in Fuel 7.55 0.87%
Hydrogen in Fuel 27.67 3.20%
Moisture in Air 1.31 0.15%
Flyash 22.43 2.59%
Bottom Ash 0.46 0.05%
Fixed Losses 12.98 1.50%
Useful Heat as Steam 736.76 85.12%
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Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station

Results of Testing a Composite Fuel / Coal Blend

Date: 7-Sep-03
Time: 1015
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Air Heater,
R. Paul &
9 »  Smith
Unit #4
<— Boiler
Eff= 84.8%
{7 >
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a
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S
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 176 0.330
Sulfur Dioxide (SO,) 1.300
Opacity (%) 13.19%
Carbon Monoxide (CO)
Case Data
Date: 9/7/03 1015 hrs Operating Data
Fuels Data Load (MW-gross) 84.1
% Coal 100.0% Load (MW-net) 79.9
Coal HHV 12174  Btu/lb |Excess O; (plant-wet) 2.49%
SR = 1.141  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2679
Net Station Heat Rate (Btu/kwWh): 13256 NWR (Ib/kWh): 7.79
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Material Balance About Boiler

No Descriptor Mass Pressure = Temp
(kpph) (psig) (F)
1 Solids Feed 86.98 N/A 77
2 Amb Air 901.72 N/A 77
3 |Heated Air 901.72 N/A 533
4 Inleak Air 98.99 N/A 107
5 |Bottom Ash 1.06 N/A 2500
6 |Flue Gas 979.62 N/A 698
7 |Flue Gas 1078.61 N/A 363
8 Flyash 11.39 N/A 363
9 Boiler Fwater 622.82 1932.19 241
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 7.66 1932.19 241
12 Main Steam 622.61 1510.29 1003
13 |Cold Reheat 513.03 486.00 670
14 Hot Reheat 520.69 437.91 1005
Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 1058.87 100.00%
Coal 1058.87 | 100.00%
Total Fuel 1058.87 100.00%
Air 0.00 0.00%
Losses 160.82 15.19%
Dry Gas Loss 71.92 6.79%
Moisture in Fuel 9.30 0.88%
Hydrogen in Fuel 34.10 3.22%
Moisture in Air 1.56 0.15%
Flyash 27.49 2.60%
Bottom Ash 0.56 0.05%
Fixed Losses 15.88 1.50%
Useful Heat as Steam 898.05 84.81%
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Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station

Results of Testing a Composite Fuel / Coal Blend

Date: 7-Sep-03
Time: 1300
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Air Heater,
R. Paul &
9 »  Smith
Unit #4
<— Boiler
Eff= 84.4%
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Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 191 0.370
Sulfur Dioxide (SO;) 1.280
Opacity (%) 12.94%
Carbon Monoxide (CO)
Case Data
Date: 9/7/03 1300 hrs Operating Data
Fuels Data Load (MW-gross) 83.4
% Coal 100.0% Load (MW-net) 79.3
Coal HHV 12174  Btu/lb |Excess O; (plant-wet) 3.28%
SR = 1.195  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2647
Net Station Heat Rate (Btu/kwWh): 13228 NWR (Ib/kWh): 7.82

70

Material Balance About Boiler

No Descriptor Mass Pressure = Temp
(kpph) (psig) (F)
1 Solids Feed 86.20 N/A 77
2 Amb Air 935.94 N/A 77
3 |Heated Air 935.94 N/A 531
4 Inleak Air 102.56 N/A 113
5 |Bottom Ash 1.05 N/A 2500
6 |Flue Gas 1013.27 N/A 699
7 |Flue Gas 1115.83 N/A 365
8 Flyash 11.29 N/A 365
9 Boiler Fwater 620.55 1937.44 242
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 4.96 1937.44 242
12 Main Steam 620.46 1509.73 1003
13 |Cold Reheat 510.94 481.71 689
14 Hot Reheat 515.90 433.43 1005
Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 1049.38 100.00%
Coal 1049.38 100.00%
Total Fuel 1049.38 100.00%
Air 0.00 0.00%
Losses 163.32 15.56%
Dry Gas Loss 75.10 7.16%
Moisture in Fuel 9.23 0.88%
Hydrogen in Fuel 33.82 3.22%
Moisture in Air 1.62 0.15%
Flyash 27.25 2.60%
Bottom Ash 0.55 0.05%
Fixed Losses 15.74 1.50%
Useful Heat as Steam 886.07 84.44%
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Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station
Results of Testing a Composite Fuel / Coal Blend

Date: 7-Sep-03
Time: 1540
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Air Heater,
R. Paul &
9 »  Smith
Unit #4
<— Boiler
Eff= 85.4%
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a
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S
Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 153 0.320
Sulfur Dioxide (SO;) 1.290
Opacity (%) 10.10%
Carbon Monoxide (CO)
Case Data
Date: 9/7/03 1540 hrs Operating Data
Fuels Data Load (MW-gross) 45.9
% Coal 100.0% Load (MW-net) 43.1
Coal HHV 12174  Btu/lb |Excess O; (plant-wet) 4.14%
SR = 1.258  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2594
Net Station Heat Rate (Btu/kwWh): 13097 NWR (Ib/kWh): 7.81
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Material Balance About Boiler

No Descriptor Mass Pressure = Temp
(kpph) (psig) (F)
1 Solids Feed 46.32 N/A 77
2 Amb Air 529.40 N/A 77
3 |Heated Air 529.40 N/A 495
4 Inleak Air 57.90 N/A 118
5 |Bottom Ash 0.56 N/A 2500
6 |Flue Gas 571.04 N/A 588
7 |Flue Gas 628.93 N/A 318
8 Flyash 6.06 N/A 318
9 Boiler Fwater 340.71 1832.02 211
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 0.99 1832.02 211
12 Main Steam 336.15 1463.48 964
13 |Cold Reheat 278.99 252.99 618
14 Hot Reheat 279.98 226.31 952
Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 563.84 100.00%
Coal 563.84 100.00%
Total Fuel 563.84 100.00%
Air 0.00 0.00%
Losses 82.28 14.59%
Dry Gas Loss 35.33 6.27%
Moisture in Fuel 4.87 0.86%
Hydrogen in Fuel 17.84 3.16%
Moisture in Air 0.90 0.16%
Flyash 14.58 2.59%
Bottom Ash 0.30 0.05%
Fixed Losses 8.46 1.50%
Useful Heat as Steam 481.57 85.41%
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Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station

Results of Testing a Composite Fuel / Coal Blend

Date: 8-Sep-03
Time: 0830
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Air Heater,
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9 »  Smith
Unit #4
<— Boiler
Eff= 85.1%
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Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 169 0.350
Sulfur Dioxide (SO;) 1.150
Opacity (%) 14.67%
Carbon Monoxide (CO)
Case Data
Date: 9/8/03 0830 hrs Operating Data
Fuels Data Load (MW-gross) 90.2
% Coal 100.0% Load (MW-net) 86.0
Coal HHV 12294  Btu/lb |Excess O; (plant-wet) 2.23%
SR = 1.125  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2693
Net Station Heat Rate (Btu/kwWh): 13203 NWR (Ib/kWh): 7.82

72

Material Balance About Boiler

No Descriptor Mass Pressure = Temp
(kpph) (psig) (F)
1 Solids Feed 92.31 N/A 77
2 Amb Air 962.91 N/A 77
3 |Heated Air 962.91 N/A 542
4 Inleak Air 105.61 N/A 106
5 |Bottom Ash 1.07 N/A 2500
6 |Flue Gas 1046.39 N/A 542
7 |Flue Gas 1152.00 N/A 373
8 Flyash 11.29 N/A 373
9 Boiler Fwater 672.16 1864.70 245
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 8.00 1864.70 245
12 Main Steam 672.42 1523.50 1009
13 |Cold Reheat 551.05 524.75 686
14 Hot Reheat 559.05 472.76 1008
Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 1134.90 100.00%
Coal 1134.90 100.00%
Total Fuel 1134.90 100.00%
Air 0.00 0.00%
Losses 169.45 14.93%
Dry Gas Loss 79.41 7.00%
Moisture in Fuel 9.38 0.83%
Hydrogen in Fuel 36.52 3.22%
Moisture in Air 1.68 0.15%
Flyash 24.88 2.19%
Bottom Ash 0.56 0.05%
Fixed Losses 17.02 1.50%
Useful Heat as Steam 965.45 85.07%
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Foster Wheeler Power Group, Inc.

Allegheny Energy — R. Paul Smith Generating Station

Results of Testing a Composite Fuel / Coal Blend

Date: 8-Sep-03
Time: 1200
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Air Heater,
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9 »  Smith
Unit #4
<— Boiler
Eff= 84.9%
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Pollutant ppmv Ib/MMBtu
Oxides of Nitrogen (NO,) 207 0.380
Sulfur Dioxide (SO;) 1.230
Opacity (%) 11.70%
Carbon Monoxide (CO)
Case Data
Date: 9/8/03 1200 hrs Operating Data
Fuels Data Load (MW-gross) 90.2
% Coal 100.0% Load (MW-net) 85.9
Coal HHV 12294  Btu/lb |Excess O; (plant-wet) 2.28%
SR = 1.128  Air Leakage 9.5%
FEGT (F) Estimated Flame Temp. (F) 2692
Net Station Heat Rate (Btu/kwWh): 13230 NWR (Ib/kWh): 7.82
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Material Balance About Boiler

No Descriptor Mass Pressure = Temp
(kpph) (psig) (F)
1 Solids Feed 92.40 N/A 77
2 Amb Air 966.77 N/A 77
3 |Heated Air 966.77 N/A 546
4 Inleak Air 106.02 N/A 113
5 |Bottom Ash 1.07 N/A 2500
6 |Flue Gas 1050.37 N/A 710
7 |Flue Gas 1156.39 N/A 379
8 Flyash 11.26 N/A 379
9 Boiler Fwater 670.72 1863.26 247
10 Sootbl & Bldn NC NC NC
11 Reheat Attemp 8.69 1863.26 247
12 Main Steam 671.16 1522.56 1008
13 |Cold Reheat 553.61 525.86 682
14 Hot Reheat 562.30 474.05 1009
Heat Balance About Boiler
Parameter MMBtu Percent
lnputs 1135.97 100.00%
Coal 1135.97 | 100.00%
Total Fuel 1135.97 100.00%
Air 0.00 0.00%
Losses 171.03 15.06%
Dry Gas Loss 81.35 7.16%
Moisture in Fuel 9.41 0.83%
Hydrogen in Fuel 36.64 3.23%
Moisture in Air 1.69 0.15%
Flyash 24.35 2.14%
Bottom Ash 0.56 0.05%
Fixed Losses 17.04 1.50%
Useful Heat as Steam 964.94 84.94%



