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|. Shirt Sleeve Session - Equipment Suppliers, etc.

The Industrial Boiler MACT ruleswill be published by EPA in the Federal Register within
the next week. Affected units will have 3 years to come into compliance. Owners will have to
assessthe situationsfor each of their unitsthat areimpacted and, evaluate their options, and come up
with solutions in time for compliance.

Theinitial discussion centered around the coal sampling and analysisthat would berequired
to support EPA compliancetestsfor such trace elementsasmercury. There are 3 accepted analysis
methods, including ASTM. The most likely scenario is that the coa supplier would sample and
analyzethecoa. An ABMA guidance sheet was reviewed. One comment was that more guidance
was heeded for methods of analysis to be used on these sheets.

A number of older units that have not been through the permit process are now having to
evaluate the process. Many of these units will need a dry scrubber and a baghouse to meet the
chloride and mercury targets. Although it would be desirable to have acompliance coal, theissues
of availability and consistency of supply make that option more difficult. There are many issues
such as wet scrubbers vs. dry scrubbers, baghouses vs. ESPs, type of coal, and form of mercury.

The question of stack monitoring, or sampling, was discussed. There are some mercury
monitors on the market. These have not been validated over any length of time. Thereisamethod
that is semi-continuousthat consists of atube that absorbs mercury. The gasissampled through the
tube over a known period of time and the mercury is absorbed onto the tube. The amount of
mercury that is absorbed divided by the sampling time gives the emissions rate.

The chloride issueis somewhat more easily resolved. There are several methods available
for removal of incremental amounts of chlorides. Oneissueistheinteraction between the chloride
and the mercury. Chlorides aid in the oxidation of mercury in the gas. The oxidized mercury is
easier to collect than the elemental, vaporous mercury. Thusalow chloride coa would tend to have
higher mercury emissions than a high chloride coal. Thereis arisk assessment methodology that
may alow ahigher level of chloridein thefuel onthebasisof lower risk. Thismight allow for some
additional mercury control.

With the number of options to be evaluated and a 3-year time frame to come into
compliance, it is absolutely necessary to start evaluations now, in order to be ready intime. The
order of preference for compliance would be fuel testing first, ash testing second, and stack testing
third. The addition of control equipment would be the last resort. It was suggested that we ask the
owners what data has been requested by EPA and what types of questions are being asked by EPA.

Many older boilers are not operating at rated conditions due to lack of maintenance. These



unitswill likely need to be overhauled in some way to bring them back to design conditions. The
NSR rulesthat comeinto play, aswell asmeeting the MACT rules. Thereare additional rulessuch
as BART, CAIR, NAAQS, etc. that may impact these units in the future. EPA is aso adding
pressure for additional reductionsin NOx and SO2.

There was some discussion on the guarantees associated with different types of rules.
Absolute limits, emission rates, and per cent reductions are all different types of rules that impact
emission regulations. Each hasits own peculiarities with regard to the type and level of guarantee
that can be obtained. EPA isnow asking equipment suppliers about how well their equipment will
perform. The state permit writers, in particular, arewriting thislevel into the permit. Since MACT
is a maximum achievable technology rule, any Asound bitefl that indicates the possibility of high
levelsof removal can be considered amaximum achievablerate. EPA will takethislevel and make
itthestandard. For MACT, costisnot aconsideration. The BACT clearinghouseisacasein point.

Assoon asalow number isput inthe BACT clearinghouse database, the agency uses that number
as the starting point for the permit.

II. Fundamentalsof Industrial Boiler Scrubber Design and Operation - Rod Gravely, CH2M
Hill

Aketon is a wholly owned subsidiary of CH2M Hill, which is in the equipment supply
business for air pollution control. The physics of scrubbing is based upon the principle that very
small particles behave in a manner similar to molecules. That is to say, they exhibit Brownian
motion and have a mean distance of motion. Large particles are collected by impaction. They do
not follow the stream lines of flow. Gas molecules have alarge enough Brownian distanceto come
in contact with acollector. 1n between sizesare not large enough to impact or small enough to have
alarge Brownian distance.

Options for scrubbing include wet and dry scrubbers, as well as dry injection. Reagents
include calcium and sodium based additives. Waste products also need to be considered. Wet
scrubbers basically spray asolution or slurry into thegas. Usually theliquidisrecycled. Make up
water is needed to replace the evaporated water and make up additiveis used to replace the additive
that is used to react with the pollutant. The gasis absorbed in the liquid and then reacted with the
additive. Removal efficiencies are relatively high at 95+%. Capital costs are on the high side.
Reagent costs tend to be low.

Spray dryersare used in dry scrubbing systems. A slurry issprayed into the gas stream and
evaporated to dryness. The resulting particul ates are collected on a baghouse. Some additional
absorption occurs in the baghouse. Capital costs are lower, but reagent costs are higher.

Dry injection is dependent upon gas reacting with the solid phase. Down stream particulate
control isrequired to capture the material.



In a generalized way, the dry injection starts with the minimal amount of equipment. As
more equipment is added to improve performance and allow for the use of cheaper additives, the
complexity and cost increases through the dry systems up to the wet scrubber system. Likewise,
reagents that are ssmple to use are typically costly (ie caustic), while reagents that are low in cost
require more complex (and thus costly) systems.

The waste products for calcium based systems are solids that are typically a mixture of
sulfates and sulfites. Sulfitesare hard to de-water and have no market value. Sulfatesare easier to
de-water and can be madeinto gypsum. Theratio of sulfitesto sulfates depends upon the amount of
oxidation that occursin the scrubber, but typically is 3/1 in favor of sulfites.

The sodium systems are soluble. The sulfite solutions cannot be discharged. The sulfate
systems can be discharged with appropriate pH control.

The decisions concerning what system to use and how these systems are tied into the plant
operations are very site specific. Thisis primarily due to the variation in regulations and costsin
each particular area. Most plants have avariety of emissionsthat need to be addressed. There may
be a number of systemsthat are being deployed, for a variety of emissions control that need to be
taken into consideration for the new systems that must be added.

One system for particul ate collection isthe cloud chamber system. Thissystem usesacloud
of charged droplets for particulate collection, but can also provide some acid gas removal. The
theory of operation is much different than that of an ESP. The use of charged droplets was
investigated at MIT and EPA inthe 1970s. Thetheory predicted much higher removal efficiencies
thanfor ESPs. Laboratory tests confirmed the theory, but many unsuccessful attemptswere madeto
commercialize the technology. The devel opment needed a robust method to generate the charged
droplets. A computer model to generate the design criteria was also needed.

The process gas enters a pre-conditioning chamber where particles are grown and larger
particles are removed. The pre-conditioned gas then enters a positively charged chamber where
negatively charged particles are removed. The gas then enters a third chamber, if needed, that is
negatively charged. Here neutral and positively charged particles are removed. The scrubbed gas
exitsthe system through amist eliminator. Thetotal gas side pressure drop islessthan oneinch of
water gage. A modular designisproposed. Depending upon the chemistry required in each system,
the liquid systems may be combined or kept separate. Systems up to 200 Kw are available.

I11. Review of Concurrent Forum Discussions - Fred Fendt, Rohm and Haas, M oder ator

Ann Mclver reported on the Owner=s Forum. There were 3 major issues discussed by the
owners. concerns about the coal supply and availability, relationships with the regulators, and
continuous emissions monitoring systems. The biggest challenge for ownersis still the regul atory
uncertainty. AlthoughtheAfinal rulef isto beissued inthe next week or two, thereisalikelihood of
litigation which will impact thefinal, Afinal rulel. Thereisaneed for continued R& D on industrial
sized equipment. This equipment has to take into account of the variability of the fuels. Lab



anaysisdatawill becrucial inthe upcoming Boiler MACT implementation. Stack testingisalso an
issue as some of the methods are particularly complex. Some CEM systemsare not compatiblewith
coal-fired plants.

From the equipment suppliers, thefuel analysisand specification issueswere discussed. For
compliance, these concepts are critical. For something like mercury, it is unlikely that a coal
supplier will Aguaranteel the mercury content of the coal. Owners are looking for performance
guarantees. Equipment suppliers need to know the potential ranges of variables and operating
conditions so that the equipment can be designed, if possible, to handle the range and still be in
compliance. Mercury isamajor concern because of the variability not only in the fuel, but alsoin
the operation and type of mercury that is produced in the gas. Forward thinking will be required to
look into the potential for all of the other regulatory and operation requirements. Theboiler MACT
compliance date is 3 years. This is shorter than most people think. Planning has to start now.
Suppliers need to be careful in discussing guarantees with regulators, as the regulators have been
taking these figures and attempting to apply them across the board.

V. MACT, CAIR, NOx SIP, NAAQS, and Regional Haze - Scott Mathias, US EPA

Scott is the project leader for the Clean Air Interstate Rule, which isreally a collection of
rules that cover mercury, ozone, fine particulates, the Interstate Rule, the Visibility Rule, and the
Boiler MACT rules. Thereisanon-road diesel rule aswell. The NOx SIP rules started with the
2004 ozone season. There is a Clean Air implementation time line which lays out al of the
proposed rules.

The mercury rules proposed to have a cap and trade system that would have afirst cap in
2010 and a reduced cap in 2018 of 15 tons/year. There are anticipated to be Aco-benefitsi from
additional NOx and SO2 control. An SCR tends to oxidize mercury, making it more collectable.
Wet scrubberswill absorb soluble mercury compounds (oxides and chlorides). Baghouses enhance
particul ate collection of mercury. Activated carbon injectionisbeing tested for mercury control and
is targeted for mercury, including elemental vaporous mercury. EPA does not consider this
technology to be commercially ready, asyet. However, thereisanumber of test and demonstration
programs underway which should lead to adequate commercial availability.

The Clean Air Ozone rules have been published. The new 8-hour standard has been
designated and classificationstook effect on June 15, 2004. Implementation plansare due from the
states/counties that are impacted. There are 432 entire counties and 42 partial counties impacted.
There are 2668 counties that are in compliance. The East Coast, Mid-West and California are the
primary locations. The 8-hour classifications are sub part 1, which are in compliance with the 1-
hour standard, and in sub part 2 which were not in compliance with either. The sub part 2 rules
include the 5 categories of marginal, moderate, serious, severe, and extreme. Compliance for sub
part 1isduein 5 years, with the potential for a5-year extension. In sub part 2, there are deadlines
for each category ranging from 2007 for moderate out to 2021 for extreme. Sub part 1 areas can use
RACT, as well as Reasonably Achievable Control Measures. Sub part 2 designations will need
vehicle inspections, reformulated gasoline, BACT or MACT, as well as other measures for
compliance.



The Fine Particulate Rules will have PM 2.5 designations by November with afinal rulein
the spring. The process has been started with the states recommending 141 counties for non-
attainment. EPA countered with 241 counties. The map looks similar to the ozone map except that
the Smoky Mountains arein the PM map, along with asmall section of Montana, whilethereareno
Texas counties. There are 28 states that are in complete compliance. Compliance isduein 2010,
with a possible extension to 2015.

The Visihility Rules had to be re-proposed in April as the origina rule of 1999 was
remanded to EPA. States must establish reasonable progress goals and timetabl es to reach natural
conditions by 2064. Plans are due by 2008. The BART (Best Available Retrofit Technology) is
intended to reduce emissions from large, older plants that may contribute to haze. The BART
provisions create a state exemption process using individual source air quality modeling. Control
levels for SO2 and NOx from EGUs for all plants over 250 MW. Thereis an option for a state to
propose Abetter than BART( rules to avoid a source-by-source evaluation. SO2 control at 95% is
specified. The NOx level is 90% or 0.15 - 0.20 without SCR. Natural conditions have been
modeled by EPA and guidance has been given to the states to help with the interpretation of the
modeling to set specific targets.

The Clean Air Interstate Rules are proposed to avoid non-attainment in states other than the
state of origin. The geographic scope is based on air quality impact of SO2 and NOx from
individual states on down wind, 8 hour, PM and ozone standards. Asaresult, annual emissions caps
for both pollutants were established at an additional 65% SO2 removal and a NOx equivalent of
0.125 Ib/MMBTU. The states will provide the flexibility as to how these reductions will be
achieved, which will in turn determine whether or not industrial unitsare covered by therules. Two
phases of reductions are proposed due to limitations on construction labor for pollution control
(2010 and 2015). SO2 emissionswould be capped at 2.7 milliontons/yr in 2015 and NOx emissions
would be capped at 1.3 million tons/yr in 2015. The CAIR adds 6 states to the NOx SIP
requirements.

V. State Implementation Plans for Industry - Patricia North, NH Dept. of Environmental
Services

Pat noted that the final rule for the Boiler MACT has not been published in the Federal
Register asyet, so thereare no final datesfor compliance. However, they are expected imminently,
so roughly 3 yearsfrom next week isagood estimate. The MACT floor for existing sourcesisthe
best performing 12% and for new sources asthe best practice at asimilar source. A major sourceis
any sourcethat emits 10 tong/yr of any HAP, or 25 tons/yr of total HAPs. Waste heat boilers are not
covered under thisMACT unlessthey are supplementary fired with more than 50% of the heat input.

Units that burn hazardous waste or other restricted materials are under a different MACT. Hot
water heaters and temporary boilersare also excluded. R& D units (used only for development and
testing) are also exempt. EPA estimated that there would be 58,000 boilers and process heatersthat
would be covered by this rule with an additional 800 boilersin the next 15 years.

There are 4 categories of HAP B mercury, non-mercury metallic HAP, inorganic HAP, and
organic HAP. Thesurrogatesfor these4 HAPsare PM for non-metallic mercury, HCI for inorganic



CO for organic, and mercury for mercury HAP. For PM there is also a substitute metals list of 8
metal sthat can be utilized. There arelarge and small units, new and existing units, and solid, liquid,
and gaseousfuels. Thereisalso alimited use category. Testing and compliancewill requireinitial
and annual stack testing or fuel analysis. Selective operating parameters will need to be monitored
during compliance tests. Testing must be done at maximum load with the equivalent of the worst
casefuel. If after 3 years, the unitsarein compliance, the stack test can be moved to a 3-year cycle.
Continuous compliance requires monitoring the site specific operating limits of the plant.
Compliancereportsare due semi-annually. Thereare health based compliance alternativesthat may
provide a potential compliance method. Health based impacts are based upon site modeling. A
Alook up@ table is available for HCl and Manganese. Certain units are only subject to notification
new small gaseous units and existing small units.

V. Particulate Control Technology for Meeting Industrial Boiler MACT - Brad Rogers, BHA
Group, Inc.

A baghouse can capture mercury as well as particulates. However, the bag itself does not
collect the mercury. The filter cake collects the mercury, as well as the fine particulates. Thus
building up an adequatefilter cake, at the expense of gas side pressure drop, iskey to good removal.

Some LOI ontheashishelpful for mercury emissions, although thisrepresentsalossin combustion
efficiency. At the moment, mercury in the ash is not considered a hazardous waste. Low flue gas
temperatures hel p the collection of both mercury and particulates. On the other hand, there could be
SO3 condensation that may be adeleterious effect on bag life. A new approach isto put electrodes
between the bags. This combinesthe effects of an ESP with abaghouse. Thistechnology isbeing
licensed from EPA.

V1. Application of Wet ESPsFor Meeting MACT and PM 2.5 - Buzz Reynolds, CR Clean Air
Technologies

Buzz noted that as particles get smaller, electrical effects become stronger than mechanical
effects. Vaporous metals tend to condense on the finer particles as the surface area of the fine
particles is on the order of 10 times greater for the fine particles. In comparing wet and dry
approaches, the wet systems have a smaller foot print (higher velocity, lower temperature, lower
pressure drop) than the dry systems (low velocity, higher temperature, higher pressure drop). The
disadvantage for wet systemsisthe wet by-product. Wet ESPs are actually older technology than
dry ESPs. They have been used extensively in the sulfuric acid industry. There has not been much
call for these unitsin coal-fired power plants. However, with the new fine particul ate regulations,
thefiner particlesmay drivethe application. Thereareno moving partsinawet ESP. Theparticles
never really reach the electrode and are constantly washed away by the water flow. Configurations
caninclude plate or tubular construction. Test resultsindicate that PM 2.5 of up to 99.9% along with
acid gases such as chlorides and SO3. Oxidized mercury has been capture toward the 80% level,
while 20 - 40% of the elemental mercury appears to be further oxidized and captured. Additional
SO2 removal has also been observed. The wet ESP isintended for polishing service after the dry
ESP and wet scrubber. Beside some ore processing units, thereisapilot unit at the Bruce Mansfield
station (First Energy) that is DOE funded. Several series of test have been run. The test results



ranged from 93 - 96% removal on PM 2.5 and 88 - 92% on SO3. Mercury was also measured. On
the order of 95% of the particul ate and oxidized mercury was captured and 18% of the elemental
mercury, yielding atotal mercury reduction of 78%. One of the potential modificationsisto retrofit
thelast field of an existing ESP. EPRI conducted sometestsin the 90s showing a95% collection of
fine particulates, with additional collection of SO2 (20%), HCI, (35%), and HF (45%). Plasma
enhancement will be added to give additional opportunity to oxidize somemercury. A 5000 ACFM
pilot of this system isbeing tested at Southern Co.-s Plant Miller. They are hopeful that thistype of
retrofit can be successful, especialy for thosethat have limited space for new equipment, at acost of
about $30/Kw.

VII. Mercury Control and Baghouse Operations - Will Goss, RJIM Beaumont

The goa of the DAP (dry absorption process) process was to develop a multi pollutant
emission control system that could be upgraded as emissions regulations change over time.
Mercury, chlorides, particulates, metals, SO3, SO2, and other pollutants can be considered. It is
known that abaghouse and lower gastemperatureswill be needed for fine particul ates and mercury
capture. A duct injection system (flash dryer) is used for acid gas collection and gas temperature
reduction. A baghouseisused for the particul ate control. Thereisan interaction between SO3 and
HCI when both are present. The duct reactor takes recycle material that can be pre-treated with
water to achieve a certain moisture content, but essentially adry material. The duct is made from
ordinary grade carbon steel. A one second residence time is designed for the gas. The
preconditioned gas goesinto abaghousefor particul ate collection. A pilot plant test unitisavailable
at SRI that can be used to test specific fuels. Theadditivefor SO2 control islime. The preferred gas
temperature is above 200 F. A pulse type bag filter is utilized with side inlets for the gas and
specially designed hoppers. Bag placement is modeled in order to optimize the distribution of gas
and solidsto assure that an adequate cake is generated during operation. With SO2 control, some of
the solids are recycled back to the dry absorber, such that the inlet dust loading is higher than a
normal baghouse. Costs range from $30 - 50/Kw (no foundations, ductwork, fans, or demolition
work). The range of costs on small units ranged from $50/1b steam to $15/Ib steam for industrial
units ranging from 50 kpph - 300 kpph.

VIII. A Comparison of Wet and Dry Scrubbing Systems for Industrials - Sam Barnes,
Cummins & Barnard

Dry scrubbers are generally lower in cost than wet scrubbers. Usualy a higher quality
reagent isrequired. A particulate system after the scrubber isrequired. Theremoval efficiency is
not as good as on awet system. The wet systems have 3 subsystems and are more costly than dry
systems. Thereagent ismuch less costly. The O&M costs are higher aswell asthere isadditional
material handling involved. Materials of construction require higher alloy or coated steels. A wet
ESP can handlethe PM2.5, HCI, HF, and SO3. A demonstration at Presque | sle station (3x90 MW)
is being funded by DOE and WE Energies (Formerly Wisconsin Electric). At French Island there
will be aunit with adry scrubber with an SNCR system.



I X. Experiencewith Industrial Scale Dry Scrubbing - Byron Nichols, Virginia Tech

The system at Virginia Tech has been in operation for 5 years. The unit is on the main
campus. The supplier was Procedair. They have a chain grate stoker of 100,000 Ib/hr. A PLC
controller isused to control all of the systems. Flue gasfrom the boiler goesinto aventuri type, duct
reactor. Limeistheadditive. A bagfilter isdeployed for particul ate collection. The hoppersare set
up to recyclethe ash to aventuri reactor. Ashisbled fromthissystem for disposal. The mixture of
the lime and ash is hydrated for reaction purposes.

The inlet damper creates the pressure drop to regulate the system. Electrically driven
dampers gave alot of operational problems, especialy if the unit experiences alot of shutdowns.
The damper iscurrently set manually. Thereisadilution damper that allowsfor gasrecirculationto
maintain gas flow when needed. The compressed air supply iscritical for operating the baghouse.
Assuring that thissystemisreliableisto be sure that thereisno oil or particulatesin the compressed
air. Thewater supply iscity water. The hot solids are quenched down from 320 - 340 F to 40 - 70
F. A feed forward control system is needed to provide the correct quantity of water at each boiler
load. The flow rate range from 1.5 gpm to 6 gpm. The conditioning drum mixes the lime, the
recycle ash, and the water. The mixing nozzles are very fine and any debris can plug a nozzle.
Periodically the drum hasto be cleaned aslime tendsto deposit on the walls of thedrum. Thechain
drives have been broken when appropriate cleaning has not taken place. The venturi reactor is
sensitive to velocity. The reagent flow and reagent quality isimportant. The pick up for the lime
requires adequate air flow to move the material. During the last year, a somewhat finer lime was
received. Thismaterial tended to pack up and penetrate some of theinstrumentation. The baghouse
consists of 5 compartments. Thecleaning cycleiscontrolled by differential pressure. Whenthereis
a plugged compartment, the pressure drop goes to zero. There is an outlet valve leaving the
compartment. Thereisno perfect seal valve at thispoint. If the compartment needs attention, the
valve must be blocked to avoid in-leakage of air. The ID fan and the variable speed drive have to
work in order for the system to operate. Good quality equipment isanecessity. Maintaining aclean
area, especially for the motor control center is important to avoid electrical shorts, etc. The
baghouse isolation damper needs to be checked frequently to avoid back leakage of acid gases that
could cause corrosion problems. The back pressure damper needsto be exercised so that it does not
freezeup. Therecycledamper providesflue gasrecycleto maintain proper gasflowsfor thereactor.

The fresh lime rotary air lock provides the air to move the lime. Dry air is needed to avoid
problems. Thereheat coil provides heat back into the flue gasto protect the existing stack. Thereis
adump rotary air lock for the excess ash. Thereisan air blast that periodically cleans the rotary
system. Thiscleaning must occur routinely in order for theair lock towork. Systemwastesilosand
hoppers need to be kept flowing. The overall system performance has been very good. The permit
level was 92% removal. The systemreadily attains 96% removal. The CEM system doesnot record
below 2% for opacity and thisis readily attained.

In summary, baghouse operation adds to compl exity, operator trainingiscritical, preventive
maintenance is a necessity, reagent quality isimportant, and consistent operation is very helpful.



X. Multi-Emissions Scrubbing for NOx, SOx, and Hg - Charlie Hammel, EnviroScrub
Technologies

EnviroScub offers the Pahlman Process for multi-emissions scrubbing arange of pollutants
in one device. This is a sorbent based process where the sorbent is regenerated. Air Cure,
Nooter/Eriksen, and ELTech are partners. A test system was deployed at DTE Energy-s River
Roughe station to a skid mounted unit. The skid runs up to 2500 DSCFM (about 1 MW). The
scrubber was aso tested at Minnesota Power=s Clay Boswell station. Both NOx and SOx were
captured at high levels. The mercury capture was 67% on PRB coal. A newer sorbent was used at
River Rouge. The SO2 removal was 99.8% and the NOx removal was 98%. They thought that 97%
of the oxidized mercury was captured. Renewed testing at Clay Boswell gave 99% SO2 removal
and 95% NOXx control. The mercury capture wasin the high 90sfor the oxidized mercury and inthe
80s for the elemental mercury for an overall capture of 94%.

The sorbent isapatented formulation of manganese dioxide and other oxides of manganese.
High surface areais key to good performance. The material islow bulk density and porous. There
are a number of naturally occurring crystals for the oxides. These occur in nodules on the ocean
floor, where they perform a clean up process by absorbing heavy metals from the seawater. The
precipitated oxides are set into an octohedral structure. The goal is to provide nanofibers with
tunnelsin the structure such that the desired pollutants can be adsorbed into the system. Thegoal is
to get ahigh loading of SO2 or NOx onto the sorbent.

The acid gases are absorbed and capture as sulfates, nitrates, and chlorides. The sorbent is
sprayed as adlurry into the flue gas after the particulate removal. The gasisthen sent to a second
baghouse to collect the material. Water is added to dissolve the manganese salts. The solutionis
oxidized to bring the manganeseto its highest oxidation state. The pH isincreased to precipitate out
the manganese dioxide. An electrolytic cell provides the oxidant. Various salts such as sodium,
potassium, or ammonium sulfate, chloride, or nitrate can be used. Chlorides are removed from
solution with acarbon filter. A study was conducted for autility to estimate costs. The capital cost
ranged from $184 - 212/Kw. Operating costswere about $3.50/Mwhr. No credit wastaken for by-
products.

X1. Multi Pollutant Treatment of Gases and Particulateswith Cloud Chamber Technology -
Rod Gravley, Aketon Technologies, CH2M Hill

The CCS technology uses a pre-conditioning chamber where particles are grown. Large
particles are removed and gas cooling occurs. Thegasvelocity isabout 10 ft/sec. The pressuredrop
isabout 4 inches water gage. The second chamber imparts a positive charge to the droplets. The
chamber isalarge empty chamber with low velocity and low pressure drop. A third chamber with
negative charge can be utilized if necessary. This system was developed for very fine particul ates
for which no other methodswere available. The system can aso clean gasesaswell as particul ates.
The difference between a cloud chamber and an ESP are as follows:

No particles are charged



Efficiency isnot afunction of the particle number density

The collector drops go to the particles rather than the particle moving to the wall
Thereislow power consumption

Efficiency isnot afunction of the electrical resistivity of the particle

Gases are removed by the water drops as well as particulates

Thetechnology derived from observationsthat theair israther clean after athunderstorm. Thereare
obviously charged drops in a thunderstorm. This lead to modeling of charged drops and their
performance in collecting particles. From single droplet efficiencies a scrubber efficiency can be
estimated using residence time and liquid to gas ratios for performance. Typically soluble alkalis
will be used for acid gas capture. Roughly 7 - 8 watts per 1000 acfm are required to charge the
drops. TheL/Gis10 - 15 gpm/1000 acfm.

XI1. EPA Monitoring Requirements - Louis Nichols, US EPA Clean Air Markets Division

The Clean Air Markets Division istheAcap and tradef group within EPA. The cap and trade
program allows emitterstheflexibility to decide where, how, and when reductions should be made.
In order to maintain the economic and environmental integrity of the system, valid monitoring of
emissionsisrequired. Since 1994, emissionsfrom large electric power plants have been measured
by sources and reported to EPA for SO2, NOx, and CO2. SO2 emissions have gone from 17.3
million tong/yr in 1990 to 10.2 million tons/yr in 2002. The banking provisions have allowed some
excess emissions to be covered in recent years without getting into violation situations. The NOx
budget program concernsthe ozone season and includesindustrial sources. Inthe OTC program, the
Eastern US has remained under the 200,000 ton/yr level compared to the over 500,000 ton/yr in
1990. The price of allowancesis under $1000/ton at the present time.

Comprehensive quality assurance for monitorsis critical. A complete accounting of mass
emissionsisrequired in order to match up alowances and emissions. The system isall electronic
and results are posted on the web. Quality reviews are done by software to check for daily
calibrations and periodic tests. There are ad hoc software checks and targeted field audits. These
programs are intended to find problems early so that fixes can be applied without enforcement
proceedings.

Quality assurance tests include the relative accuracy test audit (RATA), the bias test, the
guarterly linearity check, and the daily calibration check. There are some options to stack
monitoring such asfuel monitoring, when the fuel composition isknown to be uniform and the fuel
iseasily measured. PEM S systems can also be used. The source installs and maintainsthe system.
The system reports hourly to EPA. EPA audits the results and communicates with the system. For
S0O2, 36% of the units use CEM s and account for 96% of the emissions. For NOx, 87% of the units
use CEMs and account for 99.9% of the emissions.

The compliance record has been excellent. In the acid rain program, only 15 excess
emissions penalties were issued over the 9-year program. In the NOx budget program, only 24
excess emissions were issued. In the NOx program, the penalties are tied to the next year:s
allowances. Inthiscase, 3 allowances must be surrendered for each ton of overage going into the



next year. Thesedo not constitute violationsin the sensethat they trigger enforcement proceedings.
Only 8 enforcement proceedings were needed and most of thosewerefor failuretoinstall aCEMS
where required.

XII1. Continuous Emissions Monitoring Panel - Bob Davis, Scott Specialty Gases, Inc.,,
M oder ator

The panelists included Ron Jernigan with ThermoElectron, Ty Smith with CEMTEK,
Michael Hartman with Air-Tech Environmental, aswell as Bob. Ron reported on the potential for
low cost ownership of CEMS. Since 1993, over 3000 CEM systems have been installed by the
Utility industry in order to comply with the very strict Part 75 requirements. One key factor in
system selection is the sample acquisition system. There are two different approaches, basicaly a
dilution/extraction system and adirect extraction system. Particularly for SO2, thedilution systems
require much less maintenance. Thisis especially true for coal-fired units. In the case of direct
extractive systems, thermoelectric sample gas moisture remova chillers are preferred over
refrigerant systems. Also external particulate filters are easier to maintain than in stack filters.
Clean, dry air is critical for awell functioning CEMs. Since CO2 is a required measurement, all
CO2 must be removed from the incoming air. The most common SO2 monitor is the UV
Fluorescence (85%). The most common NOx monitor isthe Chemiluminescence (96.4%). For CO2
the NDIR is still the preferred system (100%). For oxygen the paramagnetic system is preferred
(87%). Theflow rate measurement isnow done primarily by ultrasonic techniqueswith 62% of the
monitors. Differential pressure was the standard and has about 30%. Experience in the Utility
industry hasclearly shown that thelowest cost of ownership isnot correlated with lowest initial cost.

Ty Smith reported on considerations for new CEM systems. The MACT rules will likely
require monitoring systemsfor one or more species. Local regulationsand permit requirementsalso
need to be considered. In many cases, process datamay also be desired. Opacity may also be apart
of the monitoring system. Site information is the starting point for the design and set up of the
system. Thisdatahasto be accurately conveyed to the CEMssupplier. Information such asambient
conditions, sample points, instrument locations, data acquisition, and maintenance scheduleswill all
be needed. Sample ports located near the sample point locations are necessary for both the CEM
system aswell astheindependent verification tests. Additional considerationsinclude support, gas
pressure, interfering gases, moisture content, fuels, ammoniainjection, and temperature. Planning
ahead is agood idea and future requirements should be considered. A monitoring plan should be
laid out. Training of operators and maintenance personnel will be required. Once the system is
installed, the system must be certified by an independent 3 party. Compliance testing and annual
testing will be required. Spare parts for the system are very important. Most trouble shooting is
done by part replacement. Identification of key spare partsiscritical and part availability needsto
be verified. Technical support for the software is just as necessary for these systems as other IT.
Upgrades, licenses, fees, etc. areall part of the system. Maintenance and support contracts should be
considered. For opacity monitors, purge air and blowers need to be considered. Itisagood ideato
have weather covers and an on site set of audit lenses. Calibration gases need to be on site and
managed carefully. Spare bottles, inventory, and delivery all need to be organized and controlled.

Mike Hartman reported on experiences with sourcetesting. Thisisprimarily stack testing.
Diagnostic sampling isaspecialty for problem issues. A case study in point was a system that had



high NOx and ahigh ammoniaslip. Ammoniais supposed to react with NO to form N2 and water.
However, ammonia is very soluble in water. Low temperature condenses water and scrubs
ammonia. Thisfact needsto be considered when sampling the system. For an extractive system, the
temperature must be kept over 250 - 300 F. At the SCR, the temperature level ismore like 700 F.
The sampling should be continuous. Theresultsshould be availableon site. That eliminatestaking
asampleand Asending it outf. Duct pressure and sizeisimportant. For large ducts, long probesare
needed. For pressurized ducts, sampling valves are required. A sampling matrix is needed for
diagnostic results. In order to make an ammonia measurement, it is desirable to convert the
ammonia in the sample into NOx. The sample stream is split into 2 fractions. The first one is
measured as is for NOx, while the second one has the ammonia converted to NOx and measured.
Theammoniaisdetermined by difference. Theammoniaconversionisaccomplishedinastainless
stedl linewith acatalyst. Oxygen must be present for the conversion. Along with the concentration
measurements, flow measurementsarerequired. A hot wire anemometer ispreferred for accuracy.
It isnecessary to havethe device calibrated at the temperature range that isintended. Thewiringin
the anemometer needs to be cooled to protect theinsulation. In the case study, the flow waslow at
the edgesand highinthe middle. The gasflow was being blocked in certain areasto the extent that
30% of the catalyst was not being utilized. This impacted the life of the remaining 70% of the
catalyst. At start up, the unit could make its NOx emissions and ammonia slip. Over time, the
catalyst in the center became exhausted so that the ammoniawas no longer reacting with the NOx,
resulting in high NOx and highammoniadlip. The material that was blocking the flow wasremoved
and the situation improved. The ammoniainjection system could al so be adjusted from the results of
the data.

Bob reported on the protocol gasesthat are used for calibration. Calibration gases are supposed to
be accurate to within 2%. In blind audit tests, nearly half of the calibration gases failed this
standard, some by as much as 6%. Inaccurate calibration impacts the system both ways. If the gas
is higher than the tag level, the site will under report emissions and be subject to fines. Thisisnot
the most common situation. If the gasislower thanthetaglevel, theemissionsareoverstated. This
is more common as the contents of the bottle tends to degrade over time. In thiscase, aunit that is
trading allowances islosing the value of the credits. The calibration gas should be a protocol gas
that hasatraceable standard. Therange of values needsto be carefully considered. Some gasesare
not available at the concentrations that are desired. There are no protocol gases for ammonia and
HCI at the present time. Zero gases also need to be checked. The use of ordinary nitrogen bottles
may not qualify asaAzero gasi to meet all EPA requirements. Another consideration iswhether or
not all components are in the same gas bottle. When CO2 is present, the average molecular weight
of the gasisincreased. This changes the dilution level in a dilution system where the gas goes
through an orifice. Asaminimum, make sure that the EPA audit uses the sametype of gasthat the
site used. Care needs to be taken in the sampling line when acid gases are present. Cold
temperature conditions can impact the gasbottle, particularly when low volatile materials condense.

If this occurs, move the cylinders inside into a warm enclosure. Cylinders can be rolled to help
remix thegas. Never, ever heat up acylinder. Another issueisthe expiration of cylinders. Vendor
tracking of cylinders is very helpful. On site inspections will work, but are often expensive.
Certificates for these cylinders should be available on line. During an audit, certificates are a
required part of the verification. The | CAC hasalist of requirementsfor calibration gases on their
web site. EPA has 14 points on a certification. XIV. EPA:s Environmental Technology
Verification Program - Andrew Trenholm, Resear ch Triangle Institute



ThereisaNew & Emerging Environmental Technologies database available on the web.
The addressis http://neet.rti.org. The system should be fully up and running within the next month
or so. The Environmental Technology Verification program (ETV) has a goal to accelerate new
environmental technologiesinto themarket. The objectiveisto verify performance of commercially
ready environmental technologies using objective and quality assured data resulting in the
publication of verification statements for the technologies. The program is voluntary. Thereisa
web site for this program as well. Test protocols have been completed (or in process) for paint
overspray arrestors, baghouse filter products, NOx controls (including emulsified fuels), dust
suppressants, mobile source retrofits, and biofiltration systems. The baghouse filtration products
protocol covers performancefor all baghousefiltration products. Theinitial focusison bag fabrics
and theremoval efficiency for PM2.5. The procedure has been adopted asASTM D6830. Potential
areas of application include woven fabrics, membranes, bonded, and ceramic materials.

M obile sources are seeing increased attention asthe emissionsfrom diesel enginesare being
recognized as an important source. Innovative technologies are needed. SIP credits are available
through EPA under the voluntary diesd retrofit program (VDRP). Technologiesunder consideration
are diesal oxidation catalysts, PM filters, crankcase vent filters, and engine modifications. A test
approach isbeing devel oped based upon the federal engine dynamometer tests. NOx, PM, HC, and
CO are measured. Accelerated testing is considered. There have been 5 completed verifications.
Under the VDRP, there will be voluntary SIP credits for stationary diesel engines for particulate
matter. There are grants available from EPA SBIR and various states to promote the devel opment
and commercialization of new environmental technologies. ETV can partner with users or user
groups that can provide better input on the user requirements for specific technologies.

XV. Consolidating Industrial Power Plant Compliance - David Wall, Trinity Consultants

David noted that environmental management information systems (EMIS) can be used to

help consolidate all of the different environmental compliance activities that may be required at a
plant. Under MACT, operating limitsare established for avariety of control equipment. These may
be flows, pH, pressure drops, emission rates, etc. These data have to be recorded more or less
continuously to demonstrate that the unit isin compliance. Any malfunctions have to be recorded
and reported. SSM plans must be kept at the plant. Title V permits necessitate generate of
additional reports including semi annual reporting. Under Title V, certification of compliance is
required. An EMIS can help remind, comply, simplify, match, predict, and assess environmental
issues. An EMIS can interface with existing plant data systems as well as tied into new and/or
manual datainput. There are 3" party licensed software systems available, but custom designed
systems can be set up. For more specificissues, PDA (hand held) type systems may be appropriate.
Some of the benefits of hand held systems are minimization of human error, compl eteness of input,
and simplification of record keeping. These can betied into existing databases viasynchronization
routines. Malfunction reporting rangesfrom apaper form to an automated, custom designed system.
In such asystem SSM procedures and changes can be tracked and recorded automatically. Withthe
automated system, the corrective action planisautomatically displayed to hel p determine whether or
not the plan wasfollowed. Thisisrecorded aong with the duration, etc. Thisisimportant because
thereissomerelief on exceedance issuesif the corrective action plan wasfollowed. Task tracking



can beset upincalendar format. Thefinal goal isto assessif your are doing everything that you are
supposed to be doing, being able to prove that you are doing everything you are supposed to be
doing, and making surethat all of your required documentationisin order. Upkeep and updating is
a key factor for success. Training becomes critical to assure that this takes place. There are also
web based services that do not require tie in with host company IT systems, but allow direct input
viaaweb connection (hand held or otherwise).

XV. NOx Emission Control Technology - Henri Reiher, ABMA, Moderator

The panel consisted of William Testa of Todd and Gerry Hamilton of Cohen, as well as
Henri. William reported on a number of low NOx burner systems. A number of refinery
applications have required either VOC gases or hydrogen content fuelsto be combusted along with
auxiliary fuels. Thesewere blended in along duct system prior to mixing with gas turbine exhaust
and combustion ahead of the HRSG. In one application, avery low NOx specification (<9 ppm) was
required. A Rapid Mix burner with flue gas recirculation was used with afeed forward signal to
control the FGR. Gerry reported on the ultralow NOx burner systems supplied by Coen. Theseare
gas, or refinery gas, fired. Again, lessthan 9 ppm NOx wasrequired. Fuel flexibility providesusers
with the potential to reduce the total amount of natural gas consumed. Henri reported on the
integration of the Cleaver Brooks family of boiler companies including Natcom, Industrial
Combustion, and Nebraska. The Natcom technology relies on acenter core air zone, aswirl zone,
and secondary air zone. There can aso be a Ahypermix@ steam injection to increase the mixing
beyond the main core. Thistechnology has been applied for forced draft burnersin sizes ranging
from1- 63 MMBTU/hr.

XVI. Developmentsin Oxygen Assisted Combustion — L eonard Switzer, Praxair

Oxygen can be used to assist the combustion process in a variety of ways including
emissions, efficiency, and throughput. By virtue of more rapid and complete combustion, it is
sometimes possible to increase throughput and fuel efficiency for the same equipment. Oxygen
assistance produces higher flame temperatures, which in turn could lead to increased NOx
formation. The location of injection and the potential for internal recirculation can be used to
circumvent thisproblem. Burnersthat are used in aglassfurnace allowed these systemsto increase
production while reducing emissions. In the case of the glass furnace, the oxygen cost came out to
$7.40/ton of glass. While the fuel cost savings alone were not sufficient, there were additional
savings from theincreased production (capital) and reduced emissions (allowances and capital). In
coal-fired boilers, small amounts of oxygen injection at the burner tip can provide up to 40 - 50%
reductionsin NOx emissions. A special burner has been developed to co-fire biomassin waste to
energy plants. A highvelocity hot oxygen stream is used to atomize and ignite very difficult to burn
fuels. Sludgesand biowaste are candidate fuelsfor thisburner. An advanced concept isthe oxygen
transport membrane (OTM) boiler. Inthisprocess, the membrane separatesthe oxygen fromtheair
andisusedtofiretheboiler. Thisgivesthe opportunity to produce aconcentrated stream of CO2 as
well having avery efficient boiler with low emissions. Thisdevelopment has been centered around
gaseousfuels. Ingeneral, oxygen assistanceisvery site specificin its benefits, thusrequiring asite
specific analysis for each application.



XVII. Cost Effective Low NOx Retrofit Technology for Industrial Boilers- Erwin Penfornis,
Air Liquide

There are about 25,000 gas-fired boilers between 10 and 100 MMBTU/hr, of which some
50% are in non-attainment areas. The new ozonerules and the CAIR ruleswill raise the number of
unitsthat will need additional NOx controls. Air Liquideisdevel oping apulsing combustion system
which creates alternating fuel rich and fuel lean zones. In afiretube boiler, or other more compact
units, the residence time may not be sufficient for complete combustion. As a result, a Apost
combustion{ addition of oxidant is used to complete the combustion. This could be air or oxygen
enriched air. NOx reductions range from 35 - 60%. The retrofit isfairly simplein that no burner
replacement is needed. A pulsing device on the fuel input is added, with the oxidant system if
needed. The lower investment cost and relatively low operating cost lead to a 50% evaluated cost
benefit compared to retrofitting low NOx burners.

XVIII. SCR and SNCR for Industrial Facilities - Sean M cM enamin, Peerless, M oder ator

The panel consisted of Richard Abrams of Babcock Power International and Kevin
Dougherty of Fuel Tech, aswell as Sean. Richard reported that Babcock Power has a technology
exchange agreement with Babcock Borsig in Germany. Babcock Power claims to be the market
share leader (at least in number of installations) in the US. The SCR technology uses ammonia
injected into the flue gas to react with the NOx. Uniform distribution is critical to successful
operation. Babcock uses static mixersin the duct work to uniformly mix the flue gasaswell asthe
ammonia. Thesemixersare static discsthat arelocated in the ductwork at anangle. Thisalowsfor
the reduction in the number of injection points that are required to achieve relatively uniform
distribution. Thisalso allowsfor reduced tuning of theinjection grid on startup. They refer to these
discsasAdeltawingsi. Cold flow modelsare still donefor every job. These models are made and
tested in Germany. Crossmixersare used to mix flow acrossaduct including temperature. Pressure
drop associated with these systemsis on the order of 2 inch water gage. The advantage of amore
uniform flow is that somewhat less ammonia can be used, resulting in reduced ammonia slip and
resulting ammonium bisulfate formation. Somewhat less catalyst can be used or additional catalyst
life can be realized. Ammonia can be supplied as anhydrous, agueous, or as urea. A full SCR
system tends to be expensive. Alternatives are a compact Ain ductf SCR, a hybrid cascade system
that uses SNCR and SCR together, and atail end system. TheIn-duct SCR system hasrecently been
installed on agasfired, Riley, Turbo boiler at Exelon-s Handley #3. The requirement wasfor 94%
NOX reduction. A duct expansion under the economizer hopper was used with a series of delta
wings to accommodate the gas flow from the split back pass system. The ammonia slip was less
than 3 ppm with greater than 94% reduction.

The hybrid system uses the SNCR system without regard to ammonia dlip at the SNCR
location. TheAdlipl ishandled at the SCR location which acts as a polishing system for additional
NOx removal. The tail end system operates on clean gas with a lower inlet gas temperature.
However, the catalyst still needs a higher gas temperature to operate. A gas/gas heat exchanger is
used to recover some heat a ong with duct burnersto bring the gasup to temperature. These systems



tend to be expensive. Babcock Power isdevel oping asystem called the RSCR that is attempting to
reduce the cost of tail end systems significantly. This system uses a combination of different
catalyst, more efficient heat exchange, and the static mixers to help reduce costs.

Kevin reported on SNCR for industria facilities. Fuel Tech has a family of technology
starting with NOxOUT, which is an SNCR technology using agueous urea injection. Ammonia
based systems are available as well as cascade systems, rich reagent injection, and fuel lean gas
reburn. On some units, especially those with low sulfur, reductions up to 74% are possible as a
higher ammonia slip can be tolerated. The NOxOUT Cascade system combines the SNCR with a
smaller SCR to give about 60% reduction for SNCR and 40% reduction from SCR for a combined
total of 76% reduction. SNCR systems are low capital cost systems that can reduce NOx for less
than $2,000/ton. The system provides some flexibility in that the system can be turned off when
NOx abatement is not required. Fuel Tech offersallowances as part of their guarantee to provide
additional comfort to the user.



Sean reported on the issues of ammonia slip and NOx that escape the reduction system.
Almperfectionsil in the system lead to gas mal distribution, ammonia distribution issuses, mixing
problems, and system sealing/leak issues. The upstream conditions provide the starting point for
the gas flow profiles. Corrective devicesinclude perforated plates, turning vanes, and airfoils.
CFD modeling is used to evaluate the performance of these devices. A grid deviceis used for
ammoniainjection. These are tubes running across the duct with holesin them. It isdesirableto
have the mole ratio of ammoniato NOx equal to 1.0 within 5%. Another issueis seals and leaks.

There are 2 types of leaks. Thefirst type occurs between 2 catalyst modules. In order to
minimize this leak, frames are designed with a pull mechanism to bring the catalyst close to the
frame. The second type isthe side of the catalyst frame against the duct walls. Seal plates are
utilized that stab into the insulation to reduce this leakage. Cutting down on leakage improves
performance and minimizes losses of ammonia. One interesting application was arefinery case
with aboiler exhaust that was too cold and arefinery exhaust that was too hot. The gas streams
were mixed to provide a gas stream of the right temperature. The only difficulty was that the
duct length for mixing was too small. Flow controls were needed to provide the appropriate
mixed mean temperature.
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