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Disclaimer

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
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
therein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed therein do not necessarily
state or reflect those of the United States Government or any agency
thereof.
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Executive Summary

This document is a U.S. Department of Energy (DOE) post-project assessment of the Milliken
Clean Coal Technology Demonstration (MCCTD) Project funded in Round IV of the Clean Coal
Technology (CCT) Program. In October 1992, the New York State Gas & Electric Corporation
(NYSEQG) entered into a cooperative agreement with DOE to conduct this study and to jointly
fund the project, which was sited at NYSEG’s Milliken Station located at Lansing, NY, on the
East shore of Cayuga Lake. The MCCTD Project consisted of installing nitrogen oxides (NOx)-
and SO, (sulfur dioxide)-reduction technologies on units 1 and 2 at Milliken Station. Each unit
has a rated capacity of 150 MWe, for a total station capacity of 300 MWe. DOE provided 28
percent of the total project funding of $159 million. Construction for the demonstration project
began in April 1993 and ended in June 1995; operations were initiated in January 1995 and
completed in November 1998. Operating over 30,000 hours during 3% years, this project was
very successful, yielding substantial environmental benefits in the form of emissions and waste
reductions. Its operational success is validated by the continued use of equipment to lower
emissions from the Milliken Station.

In addition to NYSEG, the Empire State Electric Energy Research Corporation, Consolidation
Coal Company (CONSOL), the Electric Power Research Institute (EPRI), and the New York
State Energy Research and Development Authority (NYSERDA) were cofunders. Others
participating in the project were Saarberg-Holter-Umwelttechnik (S-H-U), GmbH, The Stebbins
Engineering and Manufacturing Company, ABB Air Preheater, Inc., and DHR Technologies,
Inc., technology suppliers. Gilbert/Commonwealth (G/C) provided design and construction
management services.

The heart of the MCCTD Project is the S-H-U Flue Gas Desulfurization (FGD) technology.
Although the S-H-U process was developed and tested in Europe, this project represents the first
test on a boiler burning U.S. coals, which have significantly different properties and trace
contaminants than European coals. This demonstration is a critical step before the innovative S-
H-U technology can make a significant contribution to decreasing SO, emissions in the U.S.
Furthermore, the S-H-U installation at Milliken incorporated some new design features that had
not previously been demonstrated and which significantly improve the attractiveness of the
process. These include a split-flow design for the absorber, use of corrosion-resistant Stebbins
tile to line the absorber, and space-saving placement of the absorber directly below the stack.

Other features of the MCCTD Project include the Low-NOx Concentric Firing System Level 111
(LNCFS™ 11I) to control NOy, a high-efficiency heat pipe air preheater to use energy efficiently,
gypsum production and sales to eliminate land filling of waste solids, and production of a salable
concentrated brine to help eliminate water pollution. In addition, the Plant Emission
Optimization Advisor (PEOA™) provided state-of-the-art artificial-intelligence-based control of
key plant operating parameters. MCCTD was designed as a zero-discharge project with no net
increase in power consumption even with added environmental controls.

In the S-H-U process, SO, is absorbed in a limestone slurry stored in a novel absorber with both
cocurrent and countercurrent slurry-spray zones. When SO, is adsorbed in water, it forms
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bisulfite ions. In the S-H-U process, small amounts of formic acid are added to buffer the slurry
and keep it in the pH range of 4-5 throughout the entire spray zone. This pH range ensures that
water soluble calcium bisulfite is formed. For all load conditions, the S-H-U process with its
buffered slurry operates within the pH range that precludes sulfite formation, thus avoiding
scaling and plugging in the absorber, and greatly reducing maintenance requirements compared
to unbuffered processes. The ability to operate in a nonscaling mode, even during transients, may
be the biggest advantage to low pH-buffered absorption.

Flue gas from the electrostatic precipitators (ESP) flows to the top of the cocurrent section of the
absorber, where it is first cooled and saturated by a water spray and then contacted with recycle
slurry from spray nozzles at up to four levels. At the bottom of the cocurrent zone, the slurry
droplets disengage from the flue gas and collect in the absorber reaction tank, while the flue gas
reverses flow and passes to the countercurrent section, where it is contacted with recycle slurry
from spray nozzles at up to three levels to complete SO, absorption. After passing through a two-
stage mist eliminator, the flue gas is discharged to a wet stack, which sits directly above the
absorber. The Milliken project provided the first demonstration of the S-H-U process installed
directly beneath a plant stack, a design approach that saves considerable space. The system is
designed to remove 95 percent of the SO, when burning 3.2-percent sulfur coal with five of the
seven spray levels in operation, with high-chloride levels in the recycle slurry.

An additional feature of the MCCTD Project is a tile-lined, split-module absorber design
provided by The Stebbins Engineering and Manufacturing Company. The absorber is a concrete
vessel with tile lining and a common center dividing wall to provide each unit with its own
absorber module. Each side of the vessel operates independently of the other. The tile lining
provides superior abrasion and corrosion resistance when compared to rubber and alloy linings
and should last for the life of the plant. Also, in the event that a leak should occur, the tile lining
allows it to be repaired while the unit is operating.

Limestone is the primary reagent for reaction with absorbed SO,. The equipment for limestone
grinding, fresh limestone slurry storage, and fresh slurry transfer to the S-H-U unit is located in
the limestone preparation area of the FGD building. Limestone is continuously pumped from the
fresh slurry feed tank to the absorbers.

The slurry droplets from both cocurrent and countercurrent absorber sections collect in the
absorber reaction tank. The reaction tank acts as a back-mixed reactor to complete oxidation of
calcium bisulfite to calcium sulfate. Air from blowers is bubbled through the reaction tank to
oxidize the bisulfate ions to sulfate ions, which then react with calcium ions to form insoluble
hydrated calcium sulfate (gypsum). The large gypsum crystals that form are easy to dewater and
are attractive to wallboard manufacturers because they produce a high-quality wallboard.
Agitators prevent gypsum particles from settling to the bottom of the tank.

A slurry slipstream is pumped from the absorber reaction tank to the dewatering area, where the
slurry is concentrated to approximately 45-percent solids by hydrocyclones and further dewatered
to greater than 90-percent solids by centrifuges. The gypsum cake is transported to a storage
building, where it is stored until loaded onto trucks for delivery to the purchaser. A slipstream of
the recovered water is sent to blowdown treatment and brine concentration. The rest of the water
is either sent to the limestone grinding system or recycled to the absorber. The brine
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concentration system was installed to recover a highly concentrated CaCl, brine that could be
sold commercially. Unfortunately, problems that were not fully resolved by the end of the project
prevented satisfactory operation of this unit.

Another feature of this project is an energy savings provided by a heat pipe (Q Pipe) air
preheater, which was installed to replace the Ljungstrom regenerative type air preheater on Unit
2. The heat pipe design has the potential to eliminate many of the problems, such as air in-
leakage and plugging, associated with tubular and Ljungstrom air preheater designs, and to
operate at somewhat lower flue gas outlet temperatures, thus improving overall plant heat rates
and station operation.

Combustion modifications, installed on both Milliken Units 1 and 2 for NOx control, consisted
of replacing the existing conventional tangential firing system with LNCFS™ III furnished by
ABB Combustion Engineering. LNCFS™ IIT maximizes the NOx-reduction capabilities of
existing tangential firing systems while minimizing unit modifications. PEOA™, an on-line
performance support system developed by DHR Technologies, Inc., to assist plant personnel in
meeting environmental standards and in optimizing overall plant economic performance, was
installed on both Milliken units 1 and 2.

LNCFS™ III lowered NOx emissions from a baseline value of 0.64 to 0.39 pounds per million
Btu (Ib/Mbtu), a 39-percent reduction, at full boiler load and from 0.58 to 0.41 1b/MBtu (29
percent reduction) at reduced load. These results are within the expected range for low-NOx
burners. Boiler efficiency with LNCFS™ III was 88.3-88.5 percent compared to 89.3-89.6
percent at baseline, but when adjustments were made for differences in operating conditions and
LNCFS™ III and the baseline were compared at similar flue gas temperatures and compositions,
the estimated LNCFS™ III boiler efficiency was 0.2 percent higher than baseline. With
LNCFS™ III, unburned carbon in fly ash stayed below 4 percent, and carbon monoxide (CO)
emissions did not increase.

Tests of the S-H-U process were run burning low (1.6 percent), design (2.23 percent), and high-
sulfur (3.2-4.1 percent) coals. These tests indicate that: (1) depending on operating conditions,
SO, removal up to 98 percent can be achieved; (2) adding formic acid significantly enhanced
SO, removal; (3) the pH of the spray slurry, the liquid-to-gas ratio, and the limestone grind size
were important variables; and (4) formic acid increased the mass-transfer rate, but the effect
diminished with increasing formic acid concentration.

The design-coal test was shortened because it was necessary to finish the project by the end of
1998. The high-sulfur coal test was also shortened because the limestone slurry feed pumps were
unable to meet demand. Thus, the pH was not kept under control. Poor performance with high-
sulfur coal was a result of trying to run above design conditions. If the S-H-U unit had been
designed for high-sulfur coal, satisfactory operations could have been achieved.

The S-H-U process has wide applicability for SO, capture from flue gas within the utility and
industrial sectors. With minor modifications, this process has been used in Europe to reduce SO,
emissions from utility and industrial boilers firing coal, lignite, oil, and gas, as well as municipal-
waste incinerators. The process is applicable to boilers firing low-, medium-, and high-sulfur
coals regardless of boiler size or type and can achieve up to 98 percent SO, removal. All wet
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limestone FGD processes require significant plot areas, but that required by S-H-U can be
minimized by adoption of the split module, below-the-stack configuration demonstrated in the
Milliken project.

The total capital requirement for an S-H-U FGD retrofit for a 300-MWe power plant to remove
95 percent of the SO, when burning 3.2-percent sulfur coal is approximately $90 million
($300/kW). However, when estimating costs for a particular installation scope, adjustments and
site-specific factors need to be taken into account. For a 300-MWe power plant with a 65-percent
operating factor, operating costs, including credit for gypsum sales at $3/ton, are $4.6
million/year.

Based on the above costs, an estimated levelized cost of 12 mills/kWh ($533/ton of SO,
recovered) on a current dollars basis or 9.2 mills/kWh ($413/ton of SO, recovered) on a constant
dollars basis. These costs appear to be competitive with regenerative flue gas scrubbing
processes, although they are somewhat higher than other wet limestone scrubbing processes.
However, economics is not the only factor that will promote the acceptance of the S-H-U
process. Another factor is the highly beneficial environmental impact. Not only is the S-H-U
process capable of SO, removals up to 98 percent, but instead of creating acres of sludge ponds,
it produces a high-quality gypsum by-product, which wallboard manufacturers prefer over natural
gypsum. Also, although not yet fully perfected, the prospect of producing a salable brine
concentrate appears highly likely, thus eliminating another disposal problem.

To assess the potential market for the S-H-U process, the total U.S. electric market was divided
into two parts: retrofit capacity (pre-New Source Performance Standards [NSPS] coal-fired
boilers not equipped with SO, controls) and new capacity (projected coal-fired additions through
2030). This analysis indicates a potential total retrofit market of 5,700 MWe through 2030 and a
new power plant market of 96,200 MWe. The successful demonstration of the S-H-U process at
Milliken, along with the experience in Europe, should enable S-H-U to effectively market its
FGD technology in the U.S. through its U.S. design and manufacturing partners.



I Introduction

The goal of the U.S. Department of Energy’s (DOE) Clean Coal Technology (CCT) program is
to furnish the energy marketplace with a number of advanced, more efficient, and environmen-
tally responsible coal-utilization technologies through demonstration projects. These projects
seek to establish the commercial feasibility of the most promising advanced coal technologies
that have developed beyond the proof-of-concept stage.

This document serves as a DOE post-project assessment of a project selected in CCT Round 1V,
the Milliken Clean Coal Technology Demonstration (MCCTD) Project (see Figure 1), as
described in a Report to Congress (U.S. Department of Energy, 1992). The need to meet strict
emissions requirements with a minimum loss in generating efficiency prompted the New York
State Electric & Gas Corporation (NYSEG) to submit the proposal for this project. In October
1992, NYSEG entered into a cooperative agreement with DOE to conduct the study. The project
was sited at NYSEG’s Milliken Station located on the East shore of Cayuga Lake in Lansing,
New York, about 12 miles Northwest of Ithaca. The purpose of this CCT project was to
demonstrate the reduction of SO, and NOx emissions without a significant decrease in plant
efficiency by installing a combination of innovative technologies and plant upgrades. These
include the Saarberg-Holter-Umwelttechnik (S-H-U) process for SO, reduction, the Low-NOx
Concentric Firing System Level III (LNCFS™ III) for NOx reduction, and a high-efficiency heat
pipe (Q Pipe) air preheater system plus other energy-saving modifications to maintain efficiency.
DOE provided 28 percent of the total project funding of $159 million.

The two balanced draft mode units at Milliken have a rated capacity of 150 MWe each, for a total
station capacity of 300 MWe. The units are tangentially fired with four levels of burners in each
of the four corners. Unit 1 was completed in 1955 and Unit 2 in 1958. The Milliken units are
typical of many power plants in the U.S., and the demonstration of technologies at this scale is
sufficient to establish their commercial viability. Based on data gathered in this demonstration,
there should be no difficulty in scaling up to larger units.

Construction for the demonstration project was started in April 1993 and completed in June
1995. Operations were initiated in January 1995 and completed in November 1998. The
independent evaluation contained herein is based primarily on information from NYSEG’s Final
Report (New York State Electric & Gas Corporation, 1999), as well as other references cited
(New York State Electric & Gas Corporation, 1993; CONSOL, 1999a; CONSOL, 1999b;
CONSOL, 2000).



II Project/Process Description

IILA  Project Description

The major technology installed for the MCCTD Project was the S-H-U process for sulfur dioxide
control, which treated the flue gas from both Units 1 and 2. Combustion modifications were also
installed on both Units 1 and 2 and consisted of replacing the existing conventional tangential
firing systems with LNCFS™ III, supplied by ABB Combustion Engineering. On each furnace
LNCFS™ III included new burners, wind boxes, and an overfire air supply. In addition, a high-
efficiency heat pipe air preheater was installed on Unit 2. The Plant Economic Optimization
Advisor (PEOA™), an on-line performance-support system developed by DHR Technologies,
Inc., was also installed on both units 1 and 2.

In addition to NYSEG, the Empire State Electric Energy Research Corporation, Consolidation
Coal Company (CONSOL), the Electric Power Research Institute (EPRI), and the New York
Energy Research and Development Authority (NYSERDA) were cofunders. Others participating
in the project were Saarberg-Holter-Umwelttechnik, GmbH, the Stebbins Engineering and
Manufacturing Company, ABB Air Preheater, Inc., and DHR Technologies, Inc., who supplied
the technologies. Gilbert/Commonwealth (G/C) provided design and construction management
services.

II.LB Need for the Technology Demonstration

Although the S-H-U Flue Gas Desulfurization (FGD) process was developed and tested in
Europe, this project represents the first test on a boiler burning U.S. coals, which have
significantly different properties and trace contaminants than European coals. Successful
completion of this project is a critical step toward industry’s acceptance of the S-H-U process, so
that this innovative technology can make a significant contribution to decreasing SO, emissions
in the U.S. Furthermore, the installation at Milliken incorporated some new design features that
had not previously been demonstrated and which significantly improve the attractiveness of the
technology. These include a split-flow design for the absorber, use of corrosion-resistant Stebbins
tile to line the absorber, and space-saving placement of the absorber directly below the stack.

In addition to the S-H-U demonstration, this project included several other features designed to
improve environmental performance and efficiency: LNCFS™ III for NOx control, a high-
efficiency heat pipe air preheater for energy efficiency, gypsum production and sales to eliminate
land filling of solid wastes, brine concentration to help eliminate water pollution by producing a
salable product, and PEOA™ to provide state-of-the-art artificial-intelligence-based control of
key plant operating parameters to assist in meeting environmental standards and optimizing
overall plant performance.
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II.C  Promise of the Technology

The promise of the technology installed under the MCCTD Project is to achieve large reductions
in emissions of SO, and NOx while experiencing at most a modest decrease in plant efficiency,
maintaining plant operability, and preventing pollution by producing salable by-products, thus
eliminating wastes. Another promise is better sorbent utilization, thus achieving both economic
and environmental benefits. The promise of the individual technologies is discussed below.

II.C.1  S-H-U Process

Installation of the S-H-U technology was expected to achieve the following:

. Up to 98-percent SO, removal by operation of a two-stage cocurrent/countercurrent
absorber
. Low limestone reagent consumption

Excellent process stability and ease of operations during load changes and other
operational transients

Closed-cycle operation with essentially no liquid waste discharge

Freedom from scaling and plugging in the absorber and associated equipment
High absorber availability and low maintenance

Production of commercially salable by-products (wallboard-grade gypsum and
concentrated calcium chloride brine)

Improved energy efficiency compared to other FGD technologies

. Ability to operate at high-chloride concentrations without adversely affecting SO,-
absorption efficiency

II.C.2 NOx Reduction

As part of this project, LNCFS™ III, supplied by ABB Combustion Engineering was installed on
both furnaces. The objective of this technology was to achieve up to 40-percent NOx reduction at
full load compared to the burners being replaced while maintaining an acceptable carbon-in-ash
level. Originally, it was intended to install the NOxOUT™ selective noncatalytic reduction
(SNCR) technology in addition to low-NOx burners, but for technical and economic reasons, this
was deleted from the project; therefore, the NOxOUT™ technology is not discussed in this
report.

II.C.3 Heat Pipe Air Preheater
The heat pipe air preheater installed on Unit 2 represents the first time in the U.S. that a heat pipe
has been used for both primary and secondary air preheating on a utility boiler. Potential benefits

from using heat pipes for this service are:

. Reduced ID fan power requirements because air leakage, typical of conventional air
preheaters, has been eliminated

11



. Reduced size of downstream environmental control equipment and reduced power
requirements for the primary and secondary air fans because flue gas volume has been
reduced as a result of less leakage

. Improved thermal efficiency because the heat pipe air preheaters can operate at a lower
flue gas exit temperature
. Better control of corrosion in the heat pipe air preheater because of more stable cold-end

operation and ease of cleaning with sootblowing and water washing, if required
. Full-shop fabrication

II.C.4 Other Technologies

Other technologies implemented to enhance plant performance include the Stebbins tile to line
the absorber, DHR’s PEOA™, the CAPCIS corrosion-monitoring system on the heat pipe, and a
brine-concentration system.

Corrosion of the absorber is a problem that has plagued many FGD installations. Reinforced
concrete/Stebbins ceramic tile promises to be a cost-effective alternative construction technique
and offers the following potential advantages compared to conventional scrubber construction:

. Superior corrosion and abrasion resistance leading to longer absorber liner life and lower
life-cycle costs

High reliability and availability

Suitability for construction at units with little free plot area

Capability for on-line repairs and lower maintenance costs

Ability to withstand higher temperatures and temperature excursions

Ability to withstand high chloride levels, thus offering fuel flexibility

PEOA™ is an on-line support system developed by DHR Technologies to help meet economic
performance targets by integrating key information and analyses that assist plant personnel in
optimizing plant performance, including steam- and waste-management systems. PEOA™
automatically determines and displays key operational and control set points for optimized cost
operation. Although not necessary for operation of the S-H-U technology, the promise of
PEOA™ compensates for parasitic power losses and allows the Milliken Station to significantly
reduce emissions while still maintaining high efficiency.

The purpose of the CAPCIS corrosion-monitoring system is to reduce corrosion on the heat pipe
air preheater on which it was installed. Each air preheater has an air-side bypass duct for cold-end
corrosion protection. The damper can be opened to allow combustion air to bypass the air
preheater, thus reducing heat load and preventing the temperature of the flue gas from falling
below the acid dew point. The CAPCIS system includes a number of sensors installed at strategic
locations. The outputs from these sensors are sent to a programmable logic controller (PLC) and
compared to predefined set points. The PLC then determines the proper setting for the bypass
damper. The promise of this technology was to significantly reduce corrosion in the heat pipe air
preheater while maintaining efficiency.
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Chlorine in the coal ends up as calcium chloride in the scrubber slurry, and the CaCl, must be
removed to prevent its buildup. Disposal of this material is a major environmental problem, and
the MCCTD Project includes a system to produce concentrated calcium chloride brine, suitable
for commercial sales. Thus, the promise of this technology was to eliminate a waste-disposal
problem.

ILD Technology Description

The following sections discuss the technologies installed as part of the MCCTD Project.

II.D.1  S-H-U Process

In the S-H-U process (see Figures 2 and 3), SO, is absorbed in a limestone slurry in a unique
absorber with both cocurrent and countercurrent slurry spray zones. A novel feature of the S-H-U
process is the addition of formic acid to the slurry to buffer the system and control the pH. When
SO, is absorbed in water, it reacts to form bisulfite ions:

SO, + H,O ——> HSO;- + H'

Small amounts of formic acid are added to buffer the slurry and keep it in a 4 to 5 pH range
throughout the entire spray zone. Formic acid ionizes to form hydrogen and formate ions
according to the following formula:

HCOOH <——> HCOO +H"

If the pH of the solution starts to decrease, then formate ions combine with H, thus removing
hydrogen ions and raising the pH. Alternatively, if the pH of the solution starts to increase,
formic acid ionizes to provide hydrogen ions and lower the pH. Operating in the 4 to 5 pH range
ensures the formation of easy-to-oxidize calcium bisulfite, the only water-soluble, calcium-sulfur
salt (see Figure 4). Production of bisulfite avoids scaling and plugging in the absorber.

Another function of formic acid is to react with limestone to increase the concentration of
calcium ions in the recycle slurry, thus improving SO, absorption:

CaCO; + 2HCOOH ——> Ca** + 2HCOO- + H,0 + CO;

Air is bubbled through the absorber’s reaction tank to oxidize the bisulfite ions to sulfate ions,
which then react with calcium ions to form hydrated calcium sulfate (gypsum), which
precipitates.

2Ca’"* + 2HSOs- + O, + 4H,0 ——> 2H" + 2CaS0,4 2H,01

For all load conditions, the S-H-U process with its buffered slurry operates within the pH range
that precludes sulfite formation. This greatly reduces the operating and maintenance requirements
compared to unbuffered processes. An unbuffered process can require frequent maintenance and
suffer reduced availability because of forced outages to clean the absorber. The ability to operate
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in the nonscaling mode, even during transients, may be the biggest advantage to low pH-buffered
absorption.

The buffered operation of the cocurrent/countercurrent absorber (see Figure 5) permits the
absorption/oxidation reaction to occur at a much lower pH than in unbuffered absorbers. The
large gypsum crystals that form in the scrubber reaction tank are easy to dewater and wash
(purify) and are attractive to wallboard manufacturers because they produce a high-quality
wallboard.

At Milliken, flue gas from the ESPs passes through new ID fans to the top of the cocurrent
section of the absorber, where it is cooled and saturated by water sprays. The gas flows
downward as it is contacted with recycle limestone slurry from spray nozzles at four levels (three
plus a spare) to absorb SO,. At the bottom of the cocurrent section, the recycle slurry disengages
from the flue gas and collects in the absorber reaction tank (see Figure 3). The flow direction of
the flue gas is reversed by rubber-lined turning vanes, and the gas flows upward through the
countercurrent section, where it is contacted with recycle limestone slurry from spray nozzles at
three levels (two plus a spare) to complete SO, absorption. The flue gas then passes through a
two-stage mist eliminator before being discharged to the wet stack, which sits directly above the
absorber. Wash-water sprays clean the upstream and downstream faces of both mist eliminators.
The Milliken project provided the first demonstration of the S-H-U process installed directly
beneath a plant stack, a design approach that saves considerable plot area.

Limestone is the primary reagent for reaction with absorbed SO,. The equipment for limestone
grinding, fresh limestone slurry storage, and fresh slurry transfer is located in the limestone
preparation area of the FGD building. Limestone slurry is continuously pumped from the fresh
slurry feed tank to the absorbers.

II.D.2 Gypsum Production

The recycle slurry from both cocurrent and countercurrent absorber sections collects in the
absorber reaction tank. Although some oxidation occurs in the absorber as a result of excess
oxygen in the flue gas, the reaction tank acts as a back-mixed reactor to complete oxidation of
calcium bisulfite to calcium sulfate (gypsum). Blowers inject air, and side-mounted agitators
provide complete mixing of air and slurry and prevent gypsum particles from settling to the
bottom of the tank. The slurry in the reaction tank contains approximately 10-percent gypsum
solids, which act as seed crystals for the formation of gypsum particles. This eliminates
uncontrolled gypsum growth on absorber internals (gypsum scaling).

A slurry slipstream is pumped from the absorber sump to the dewatering area, which contains
primary and secondary hydrocyclones, centrifuges, and other equipment. The slurry is
concentrated to approximately 45-percent solids in the hydrocyclones and further dewatered to
greater than 90-percent solids in the centrifuges. Fresh water is used to wash dissolved solids
from the cake before it is discharged from the centrifuges. The gypsum cake is transported to a
storage building, where it is stored until loaded onto trucks for delivery to the purchaser.
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II.D.3 Blowdown Treatment

Essentially all the chloride in the flue gas is removed in the S-H-U scrubber; therefore, chloride
must be removed to prevent it from building up in the slurry. A slipstream from the secondary
hydrocyclone overflow is processed to control the concentration of chloride in the absorber
slurry. The slipstream is first chemically treated to promote coagulation, flocculation, and
sedimentation of suspended solids and dissolved metals. Reject solids are dewatered by a plate
and frame filter press and disposed of in an approved permitted landfill. The chemically treated
and clarified water can be discharged or further treated by a brine-concentration system in which
90 percent of the water is recovered as distilled water that is then used as makeup water for the
FGD system. The remaining solution is a highly concentrated brine containing mainly calcium
chloride, but also some magnesium and sodium chlorides, which can be sold commercially.

II.D.4 Stebbins Tile Absorber

An additional feature of this demonstration project is the use of a tile-lined, split-module
absorber provided by the Stebbins Engineering and Manufacturing Company. The absorber is a
concrete vessel with tile lining and a center dividing wall that divides it in half, thus providing
each of Milliken’s units with its own absorber module. Because each side of the vessel operates
independently of the other, this innovative concept provides greater operating flexibility and
reliability. The split module allows the flue gas from each boiler to be independently treated at a
lower capital cost than would be required for two separate vessels. Tile lining provides superior
abrasion and corrosion resistance when compared to rubber and alloy linings and should last for
the life of the plant.

IL.LD.5 Heat Pipe Air Preheater System

An important feature of this project is the demonstration of the energy savings provided by a heat
pipe air preheater, which was installed to replace the Ljungstrom regenerative type air preheater
on Unit 2. The heat pipe design has the potential to eliminate many of the problems associated
with tubular and Ljungstrom air preheater designs and to operate at a somewhat lower flue gas
outlet temperature to improve overall plant heat rate. Heat pipe air preheaters operate as
regenerative exchangers in which heat from the hot flue gas is indirectly transferred to the cold
air by means of a working fluid that partially fills the heat pipe tubes. Passing hot flue gas over
the lower portion of the tube causes the working fluid to boil. The vapor flows to the upper
portion of the tube, where cold air flowing over the tube condenses the vapor, releasing latent
heat, which warms the air. The heat pipes are mounted at a slight angle from horizontal, so the
condensed liquid flows by gravity back to the evaporator end of the pipe to repeat the cycle.

A full-scale heat pipe air preheater consists basically of two ducts with a common wall (see
Figure 6a). Individual heat pipe tubes (see Figure 6b) extend through the common wall across
both ducts. Hot flue gas flows through one duct, while cold combustion air flows through the
other duct. The tubes are sealed at the wall to prevent leakage from one duct to the other, thus
improving efficiency. Fins are usually added to increase the surface area and heat transfer of the
individual tubes.
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II.D.6 Combustion Modifications

LNCFS™ III, a proven and reliable low-NOx system furnished by ABB Combustion
Engineering, was installed on both Milliken units 1 and 2. This was the first retrofit application
on a utility boiler producing salable fly ash and equipped with a FGD system producing by-
product gypsum. The carbon level in the fly ash is critical to fly ash sales and could adversely
affect gypsum color. Therefore, it was crucial that the combustion modifications did not increase
unburned carbon in fly ash beyond 4 percent.

LNCFS™ III uses a combination of bulk furnace staging and early, controlled coal
devolatilization. Bulk furnace staging retards air and fuel mixing by diverting a portion of the
combustion air, which is introduced at the fuel-burning zone. With conventional tangential firing,
the introduction of excess combustion air during the early stages of coal devolatilization
contributes significantly to the formation of NOx, LNCFS™ III maximizes the bulk staging
concept by using both overfire air and concentric firing. Staged combustion is accomplished by
introducing a portion of the secondary air above the primary firing zone as overfire air. The
concentric firing system utilizes a redirection of the secondary air, diverting it away from the coal
stream. This reduces the combustion stoichiometry by preventing the fuel from entraining with
the air during the initial stages of combustion. Fuel nitrogen conversion is reduced while
maintaining appropriate oxidizing conditions along the furnace walls. Later, sufficient air is
added to complete combustion and reduce carbon in ash.

Another important design feature incorporated into LNCFS™ III is the technique of early fuel
ignition. Initiating the combustion point very close to the fuel nozzle produces a stable flame,
which is more easily controlled under substoichiometric firing conditions and also contributes to
lower thermal NOx production.

II.D.7 Plant Economic Optimization Advisor

PEOA™, an on-line performance support system developed by DHR Technologies, Inc., was
installed on both units 1 and 2. The system integrates key aspects of plant information
management and analysis to assist plant personnel in meeting the requirements of the 1990 Clean
Air Act Amendments (CAAA). The system optimizes the overall plant economic performance,
including performance of the steam generator and turbine equipment, emissions systems, heat-
transfer systems, auxiliary systems, and waste-management systems.

The PEOA™ automatically determines and displays key operational and control set points to
minimize operating costs. The system provides operators with on-line emissions monitoring and
diagnostic capabilities, along with rapid access to reports and trend information. The PEOA™
optimization algorithms evaluate key data emissions parameters, such as NOx, SO,, O,, CO, and
carbon dioxide (CO,) levels, carbon in ash, and opacity, plus other operational parameters.
PEOA™ also provides parameters or set-points to aid in the operation and performance of the
unit.
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ILE Project Implementation

The centerpiece of the demonstration facility is the S-H-U FGD plant, located in a new building
about 100 ft from Unit 2. This building houses most of the equipment associated with the FGD
process. It includes the absorbers, recycle pumps, oxidation air blowers, gypsum dewatering
hydrocyclones and centrifuges, limestone storage silos, wet grinding equipment, blowdown
pretreatment and brine concentration equipment, process water makeup tank and pumps, control
room, electrical equipment rooms, and process laboratory. The building is 184 ft tall, and the
roof-supported steel stack shell rises another 141 ft. Three stack flues extend another 50 ft, for a
total height of 375 ft. Elevated ducts carry flue gas to the S-H-U plant from the Unit 1 and Unit 2
replacement fans, which are situated just downstream of their respective electrostatic
precipitators (ESP).

II.LE.1 Limestone Handling and

The limestone-preparation system is shown in Figure 7. Limestone is delivered to the site by
truck and stored in an outdoor pile that has a three-month capacity. Front-end loaders reclaim the
limestone and dump it into a reclaim hopper, where it is screened to minus six inches before
being fed onto an enclosed conveyor for transfer to the storage bins in the FGD building. From
the storage bins, the limestone flows to the two-train limestone-preparation system, each train
with a capacity of 24 tons/hr of limestone slurry. One train, operating 12 hr/day, can supply the
needs of both absorbers running at design rate.

At the heart of each train is a Fuller Traylor ball mill, consisting of a horizontal steel cylinder
with a replaceable rubber liner. Each ball mill is charged with 75 tons of steel balls. Limestone,
metered into each mill by a gravimetric feeder, is ground with clarified water, and the limestone
slurry is discharged through the mill’s trommel screen into an agitated rubber-lined product tank,
to which clarified water is added to adjust slurry density. The slurry flows to the classifier, which
has five small hydrocyclones and three large hydrocyclones. The small hydrocyclones are used to
produce slurry with a fineness of 90 percent through 325 mesh, while the larger hydrocyclones
produce a fineness of 90 percent through 170 mesh, the size required when formic acid is being
used in the FGD scrubbers. The classifier overflow can be sent to either the Unit 1 or Unit 2 feed
tank, and the underflow is returned to the ball mill. From the feed tanks, the slurry is pumped to
the absorbers at a flow rate that depends on the SO, loading in the flue gas.

IILE.2 Formic-Acid-Handling System

The major components of the formic-acid-addition system are the delivery truck unloading
station, the storage tank, and the metering pumps. Formic acid is added as needed to maintain the
pH in the absorber in the desired range.

II.LE.3 Absorber

The concrete 42 ft by 79 ft by 108 ft high absorber vessel is the heart of the S-H-U FGD plant.
An internal partition from th