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Part I High Dust SCR

A. Technical Review
The SCR process is based on the chemical reduatidtre NQ molecule using a metal
based catalyst with activated sites to increaser#éite of the reduction reaction. A
nitrogen based reducing agent (reagent), such asoara or urea, is injected into the
post combustion flue gas. The reagent reactstsadcwith the flue gas NQwithin a
specific temperature range and in the presencheotatalyst and oxygen to reduce the
NO, molecule into molecular nitrogen and water vapor.

The BART Guidelinesstate that in order for SCR to be technically italas it must be
both “available” and “applicable”. SCR has beeplegu to the many different types of
coal throughout the world. Based on its widespnesae, it would initially appear to be
available for use at North Dakota power plants.

The BART Guidelinesalso state that decisions regarding technicalliiég are made

by comparing the physical and chemical charactesisif the exhaust gas stream from
the unit under review to those of the unit from eththe technology is being transferred.
Unless significant differences between the souyped exist that are pertinent to the
successful operation of the control device, thetrobnoption is presumed to be
technically feasible. In order to compare the flyges streams where SCR has been
successfully applied to the flue gas from unitsning North Dakota (Fort Union) lignite,

a comparison of the fuel (coal) characteristiasasessary.

EPA’s Air Pollution Control Cost Manufastates: “Certain fuel constituents which areaséel
during combustion act as catalyst poisons. Cdtabgssons include calcium oxide and
magnesium oxide, potassium, sodium, arsenic, ctdpfluorine, and lead. These constituents
deactivate the catalyst by diffusing into activeregaites and occupying them irreversibly.
Catalyst poisoning represents the main cause alysatdeactivation.

Ammonia-sulfur salts, fly ash, and other particelabatter in the flue gas cause blinding,
plugging or fouling of the catalyst. The partidelanatter deposits on the surface and in the
active pore sites of the catalyst. This resulta idecrease of the number of sites available for
NOy reduction and an increase in flue gas pressusedlo®ss the catalyst.

Impingement of particulate matter and high intéedtgas velocities erode the catalyst material.
Catalysts with hardened leading edges or increasedtural strength are less susceptible to
erosion. Increasing catalyst strength through dvardgy, however, reduces the number of active
pore sites.”

The most significant problem for the successfulrapen of SCR catalysts on units that fire
North Dakota lignite is the formation of low temptrre sodium-potassium-calcium-magnesium
sulfates and phosphates. Sodium is a significantributor to the “stickiness” of the ash
produced from firing North Dakota lignite. The sod content of North Dakota lignite ash
ranges from 2-13% with an average of approximatétyfor lignite combusted in North Dakota



power plants from 2002-2006.

averages around 1.5% sodiim

Powder River BasiREP coal from Wyoming typically

A review was conducted to compare the constituaftduels for which SCR has been
successfully applied to that of North Dakota lignitData was obtained from the U.S. Geological
Survey’s U.S. Coal Quality DatabdséThe results are shown in Table 1.

Tablel
COAL CHARACTERISTICS
COMPARISON
Texas
ND Lignite® Lignite® | Wyoming PRB® | PA Bituminous®
Avg. Heat Value (10Btu/ton) 13.6 15.2 17.6 25.5
Avg. Ash Content 95 12.6 5.6 13.0
Avg. Na0 (% of Ash) 3.60° 0.54 1.58 0.28
Std. Deviation 1.24 0.58 1.26 0.20
Avg. Ca0 (% of Ash) 15.44 13.18 17.31 1.69
Std. Deviation 6.45 5.16 7.39 1.64
Avg. Mg0 (% of Ash) 5.47 2.28 3.82 0.64
Std. Deviation 2.04 1.05 2.12 0.34
Avg. K;0 (% of Ash) 0.49 0.52 0.53 1.87
Std. Deviation 0.44 0.31 0.42 0.77
Na,0+Ca0+Mg0+K0 (% of Ash) 25.00 16.52 23.24 4.48
a Heating values, ash content and ash constituemts the USGS National Coal Database

except as noted.

From 2002-2006 Annual Emission Inventory Reports.

From University of Wyoming.

In order to properly compare flue gas conditions,eatimate of the total emission rate of the
deactivation (fouling and poisoning) constituentancbe made. Although the catalyst
deactivation rate may not be directly proportiorial the emission rates of the various
constituents, it does provide a means of compa$dine flue gas characteristics.

AP-42, Compilation of Air Pollutant Emission Facfbrlists the following particulate matter
emission factors as shown in Table 2.




Table2
AP-42 EMISSION FACTORS
Combustion Unit Type Fuel Emission Factor
Cyclone Lignite 6.7A
Cyclone Bit./Subbit. 2.0A
Wall/Tangential Bit./Subbit. 10.0A
Wall Lignite 6.5A
Tangential Lignite 5.1A
A = Ash content of the coal (%)
a

9.4A based on stack testing data from MinnkotadétdCooperative

To assess whether the flue gas characteristidseabrth Dakota electric generating facilities
are different from characteristics at other gemegastations where SCR has been successfully
applied, the emission rate, or loading, of the aiasideactivation constituents and the chemical
form (organic or inorganic) of these constituentsistnbe evaluated. Using the coal
characteristics data from Table 1, the emissiomofacfrom Table 2, the emission rate of the
deactivation constituents were calculated. Emphasis given to the sodium oxide @98
emission rate because North Dakota lignite generhtains more N&® than bituminous or
subbituminous coal. Since cyclone boilers firingrth Dakota lignite partition the ash, the
sodium is concentrated in the ash leaving the boilde results of the following calculation will
underestimate the amount of sodium in the flue fgasa cyclone boiler firing North Dakota
lignite; however, it does provide a conservativenparison. The results of the calculation are
provided in Table 3:



Emission Rate Comparison

Table3

ND LIGNITE? TEXASLIGNITE" WYOMING PRB" PA BITUMINOUS
Na,O (% of Ash) 3.60 0.54 1.58 0.28
CaO (% of Ash) 15.44 13.18 17.31 1.69
MgO (% of ash) 5.47 2.28 3.82 0.64
K,0 (% of Ash) 0.49 0.52 0.53 1.87
Na,0O+CaO+MgO+KO 25.00 16.52 23.24 4.48
Ash Content 9.5 12.6 5.0 13.0
Heat Value (10Btu/ton) 13.00 15.20 17.00 25.50
PM Emission Factor (Ib/ton/1%
Ash)*
Cyclone Boiler 9.4 6.7 2.0 2.0
Wall/Tangentially-fired 5.8 5.8 10.0 10.0
Boiler (Pulverized)
PM Emissions (Ib/10Btu)
Cyclone Boiler 6.86 5.55 0.59 1.02
Wall/Tangentially-fired 4.23 4.81 2.94 5.10
Boiler (Pulverized)
NaO Cyclone Boiler Emissions
Ib/ton 3.21 0.46 0.16 0.07
Ib/16 Btu 0.2470 0.0300 0.0093 0.0029




Emission Rate Comparison

Table3

ND LIGNITE? TEXASLIGNITE" WYOMING PRB" PA BITUMINOUS
Ib/dscf 2.5054E-05 3.0417E-06 9.5032E-07 2.9191E-07
Ib/wscf 2.0672E-05 2.5097E-06 8.7351E-07 2.6832E-07
NaO+CaO+MgO+KkO
Cyclone Boiler Emissions
Ib/ton 22.30 13.95 2.32 1.16
Ib/16 Btu 1.72 0.92 0.14 0.05
Ib/dscf 1.7399E-04 9.3054E-05 1.3978E-05 4.6706E-06
Ib/wscf 1.4356E-04 7.6779E-05 1.2848E-05 4.2931E-06
Ratio of ND Lignite Cyclone
Emissions to Other Cyclones
NaO
Ib/ton 7.04 20.33 44.11
Ib/10 Btu 8.24 26.58 86.53
Ib/dscf 8.24 26.36 85.83
Ib/wscf 8.24 23.67 77.04
NaO+CaO+MgO+KkO
Ib/ton 1.60 9.60 19.15
Ib/10 Btu 1.87 12.55 37.56
Ib/dscf 1.87 12.45 37.25
Ib/wscf 1.87 11.17 33.44
Comparison of ND Lignite
Cyclone Emissions to Pulverizel
Units
NaO Emissions
Ib/ton 3.21 0.39 0.79 0.36




Emission Rate Comparison

Table3

ND LIGNITE? TEXASLIGNITE? WYOMING PRB" PA BITUMINOUS
Ib/16 Btu 0.2470 0.0260 0.0465 0.0143
Ib/dscf 2.5054E-05 2.6331E-06 4.75D6E 1.4596E-06
Ib/wscf 2.0672E-05 2.1726E-06 4. 36T&E 1.3416E-06
NaO+CaO+MgO+kO
Emissions
Ib/ton 22.30 12.07 11.62 5.82
Ib/16 Btu 1.7155 0.7943 0.6835 0.2284
Ib/dscf 1.7399E-04 8.0554E-05 6.989HE 2.3353E-05
Ib/wscf 1.4356E-04 6.6466E-05 6.4B15B 2.14654E-05
Ratio ND Lignite Cyclone
Emissions to Pulverized Units
NaO
Ib/ton 8.14 4.07 8.82
Ib/16 Btu 9.51 5.32 17.31
Ib/dscf 9.51 5.27 17.17
Ib/wscf 9.51 4.73 15.41
NaO+CaO+MgO+KkO
Ib/ton 1.85 1.92 3.83
Ib/16 Btu 2.16 2.51 7.51
Ib/dscf 2.16 2.49 7.45
Ib/wscf 2.16 2.23 6.69
Comparison of ND Pulverized
Units to Other Pulverized Units
NaO Emissions
Ib/ton 1.981512 0.394632 0.79 0.364
Ib/16 Btu 0.152424 0.025962632 0.046470588 0.01427451




Table3
Emission Rate Comparison
ND LIGNITE?® TEXASLIGNITE® WYOMING PRB" PA BITUMINOUS®

Ib/dscf 1.54588E-05 2.63313E-06 466506 1.4596E-06
Ib/wscf 1.27551E-05 2.17261E-06 45606 1.3416E-06
NaO+CaO+MgO+KkO
Emissions
Ib/ton 13.7605 12.072816 11.62 5.824
Ib/16 Btu 1.0585 0.7943 0.6835 0.2284
Ib/dscf 1.073529E-04 8.0554E-05 619895 2.3353E-05
Ib/wscf 8.85774E-05 6.6466E-05 6.48H4-D5 2.14654E-05

Ratio ND Pulverized Unit
Emissions to Other Pulverized

Units

NaO 5.02 2.51 5.44
Ib/ton 5.87 3.28 10.68
Ib/16Btu 5.87 3.25 10.59
Ib/dscf 5.87 2.92 9.51
Ib/wscf

NaO+CaO+MgO+KkO
Ib/ton 1.14 1.18 2.36
Ib/16Btu 1.33 1.55 4.63
Ib/dscf 1.33 1.54 4.60
Ib/wscf 1.33 1.38 4.13

@ Source: Annual Emission Inventory Reports 200262@@=ighted average).

P Source: USGS National Coal Database and Univeo§iyyoming.

© Source: AP42, Compilation of Air Pollutant Emission Factossept for cyclone units burning ND lignite; factsrbased on sta
test data.

4 Emission factor for wall-fired and tangentiallyefil units combusting lignite is the average of Alfe42
emissions factors.




The most useful emission rate calculation is thaerms of pounds per wet standard cubic foot
(Ib/wscf). This estimated emission rate represtdrmgsactual concentration of the constituents in
the ductwork leaving the boiler at standard temipeesand pressure. However, most laboratory
and pilot scale testing report the results in lefds mg/Nn¥. Table 3 shows that the potential
for deactivation of the SCR catalyst is much gnedde a boiler combusting North Dakota
lignite.

The Energy & Environmental Research Center (EERGhea University of North Dakota is
recognized as one of the world’s leading coal neseéacilities. Since 1951, the EERC has
focused on research and development, technology om&nation and technology
commercialization. As part of the BART assessnm@niMinnkota Power Cooperative and Basin
Electric Power Cooperative, a report by the EER{Rdi Ash Impacts on SCR Catalyst
Performancg was included. In that report, it is stated: “Tagh deposition behavior of the
lignites from North Dakota is the most complex aselere of any coals in the world, and
installation of catalysts for NOreduction is going to be plagued with problem3he report
further states: “Alkali and alkaline earth sulfate® enhanced by cyclone-fired systems. The
cyclone firing results in partitioning of the asbtlween bottom slag and the body of the boiler.
The sulfate forming materials are more concentratede fly ash as a result of cyclone firing.”

In reviewing the flue gas characteristics of pldiriag coal types where SCR has been applied
with those firing North Dakota lignite, it appearsmparison of the characteristics for cyclone
fired units combusting North Dakota lignite to ayeé units firing other types of coal alone is
more appropriate because of the enhanced sulfategfion in cyclone units. Likewise, it is
appropriate to compare pulverized lignite firedtsino pulverized units firing different types of
coal. The Department’'s review indicates that tbeitan oxide loading in the flue gas for the
North Dakota lignite-fired unit would be nearly #ithes (on a Ib/wscf basis) that of a cyclone
unit burning PRB subbituminous coal. This raticaually conservative (expected to higher)
because of the partitioning of the ash that ocouescyclone boiler firing North Dakota lignite.
The estimated combined loading of catalyst deatitimaconstituents sodium oxide, calcium
oxide, magnesium oxide and potassium oxide is ntb@n eleven times that of PRB
subbituminous coal-fired cyclone units. For puixed units, a unit firing North Dakota lignite
is expected to emit three times as much sodiumeoa&la unit firing PRB subbituminous coal.
Although the deactivation of the SCR catalyst may e directly proportional to the emission
rate, it is evident that the concentration of vasi®CR deactivation chemical constituents in the
flue gas of a North Dakota lignite-fired power glas much different from a unit firing PRB
subbituminous coal or other types of coal.

Gutberlet in his technical paper on deactivation of SCR lgatastates: “Alkaline metals
chemically attach to active catalyst pore sites eaugse blinding. Sodium (Na) and potassium
(K) are of prime concern especially in their wageluble forms which are mobile and penetrate
into the catalyst pores.” Minnkota, in its Marcf, 2007 response to questions indicates that
most sodium in North Dakota lignite is organicadlgsociated. Combustion of the organically
associated sodium produces soluble sodium compadivadisare readily available for reactions
with catalysts and flue gas species. Minnkota atsted that in a conversation with Fleming
Hansen of Haldor Topsoe (see Minnkota’'s Novembe2@)7 response to commells

Mr. Hansen indicated that sodium was a major canaed that it causes deactivation, especially
in the organically associated form. It is evidémithe Department that the form (soluble) of
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sodium present in the ash from the combustion atiNDakota lignite will deactivate an SCR
much more quickly than the other types of coalsr&®CR has been successful.

The next issue to address is whether the differ@m¢bese characteristics would preclude the
successful user reasonable operati@fi SCR technology on units fired on North Dakaggite.

The BART GuidelineSstate: “In Step 2, you evaluate the technicalifdlity of the control
options you identified in Step 1. You should doemtna demonstration of technical infeasibility
and should explain, based on physical, chemicalgmgineering principles, why technical
difficulties would preclude the successful usela tontrol option on the emissions unit under
review.” “An available technology is applicabletiican reasonably be installed and operated on
the source type under consideration.” The BARTd8line" does not define successful usie
the control option or reasonably be installed aperated

The EERC, several utilities and catalyst vendomsdacted pilot scale testing at the Coyote
Station, which is a cyclone fired unit that comisulsibrth Dakota lignite. The pilot scale SCR
deployed at the Coyote Station was plugged andatalyst pores deactivated after 2 months
(approx. 1430 hours). The Department believes css&ful use or reasonably operated” is
considerably more than a few thousand hours ofatiper. For example, the EPA Air Pollution
Control Cost Manudlstates: “For coal-fired boiler applications, SC&Ratyst vendors typically
guarantee that catalyst for an operating life nagdietween 10,000 hours to 30,000 hours.” In
the technical paper Nitrogen Oxides Emission Cdrdptions for Coal Fired Electric Utility
Boilers® it is stated: “On dry-bottom, coal-fired U.S. o8 equipped with full SCR, the planned
time between catalyst changes on a typical unjtgeally > 24,000 operating hours ®13 years

of operations.” The paper also indicated that Meack 2, a cyclone boiler with 100% flyash
reinjection, the expected time between the replacenof layers is 14,000 operating hours. It
appears that 10,000 hours of operation would beimimum time for successful use or
reasonable operation.

Pritchard states in his paper on optimizing SCR catalysigtie$Our experience show that coal-
fired SCRs are successful when the system impadt Gatalyst deterioration factors are
understood and specific counter measures are ingolesd in system and catalyst design.” The
Coyote pilot test may not have provided much usedhth for designing an SCR system for
plants firing North Dakota lignite; however, it diddicate a difference between lignite and
subbituminous coal. The pilot scale testing protomas the same for the Coyote Station,
Columbia Station and Baldwin Station; however,t#st at the Columbia Station used a different
catalyst. The Coyote Station combusts lignite /ille Columbia Station and Baldwin Station
fire subbituminous coal. The EERC has describedbiimding and plugging (deactivation) at
the Coyote Station as extremely rapid and seversoagared to testing at the Columbia and
Baldwin Stations. This indicates to the Departmigatt design of an SCR system for North
Dakota lignite would be different from a unit burgisubbituminous coal. Because of the lack
of deactivation data from the pilot test at the @eyStation, it would appear to be extremely
difficult to design an SCR system that could becsssfully used or reasonably operated.
Proceeding with installation of such a design with@ngineering data collected during
appropriate pilot testing is subject to an extrems&. This suggests to the Department that
additional research and testing on the effecthi®ffiue gas constituents are required to design a
high dust SCR system.
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Kling et. al* conducted pilot and bench sale testing of SCRyssawhen subjected to the flue

gas from the combustion of biomass. The testing @anducted using three different types of
catalyst. Catalyst Type A was typical of that dise coal-fired boilers, Type B was a “bio-
optimized” catalyst with an increased vanadium enhtand Type C has a very high vanadium
content. Kling" and later Zheng et.dlhave concluded that it is the alkali aerosols #ratless
than or equal to 0.1 micrometers that cause mo#iieotatalyst deactivation. In North Dakota
lignite, the alkali metals are generally associatéth the organic matter of the lignite while in
other coals the alkaline constituents are assatmaith the inorganic portion of the coal (e.qg.
clays). The combustion of the organically assedatlkaline elements causes them to vaporize;
when they condense they form submicron aerosofe cbmbustion of inorganically associated
alkalis causes only a small portion to vaporizeniMiota has supplied information that indicates
these condensed alkali aerosols have a mass maauetdr of approximately 0.1 micrometers.
Therefore, 50% of the aerosols would be less thamficrometers in size on a mass basis. The
mass of sodium oxide and potassium oxide leavipgheerized boiler combusting North Dakota
lignite would average 1.55 x Pab/dscf (266 mg/Nrf) and 2.11 x 18 Ib/dscf (36 mg/Nr),
respectively. This value would be higher for cymdoilers (431 and 59 mg/Nmespectively).

Crespt® has provided data that suggests potassium oxicEppsoximately twice as potent
catalyst deactivation chemical on a molar basi8 {iimes on a mass basis) than sodium oxide.
The equivalent potassium oxide emission rate foulaerized boiler based on this data would be
241 mg/Nm. The aerosols are most likely in the sulfate forfinis would lead to an equivalent
potassium sulfate emission rate of 446 mgINm

Kling™ found a deactivation rate of 21-52% over 1500 &dar fuel made up of tree bark and
30% demolition wood waste. This fuel had a potassthloride loading of 16.7 mg/Nhand a
sodium chloride loading of 5.8 mg/Nm The Kling results were for aerosols with an
aerodynamic diameter of less than 0.1 micrometHrall of the sodium and potassium in lignite
vaporizes, 50% of the total loading would be ldssntor equal to 0.1 micrometers or 223
mg/Nnt for a pulverized unit. Zhefghas suggested that potassium chloride is two aachalf
times more potent catalyst poison than potassidfateu(0.4% per day versus 1% per day). An
equivalent loading of sodium and potassium for NdBakota lignite as potassium chloride
would be 89 mg/Nrh This loading is more than four times that of &ing'* testing. For a
cyclone boiler it would be approximately seven smas much loading. The Klifigresults
suggest 2,885-7,140 hours until 100% deactivatidime higher loading at the North Dakota
facilities suggests a much shorter catalyst life.

Zheng et. al! found a catalyst deactivation rate of 0.4% per fimya potassium sulfate. The
testing was conducted using a concentration of ®@ag/Nnt of potassium sulfate with a mass
mean diameter of 0.55 micrometers. Although dataot available to determine the loading of
aerosols with a diameter less than 0.55 microméoerall boilers burning North Dakota lignite,
a comparison to the fraction less than 0.1 micrenseindicates a concentration is 7-11 times
larger than the concentration in Zheng's testse Ul4% deactivation rate per day is equivalent
to 6000 hours at 100% deactivation. Flue gas fiteencombustion of North Dakota lignite in a
pulverized boiler would likely produce a much higleactivation rate. A cyclone boiler would
probably deactivate an SCR catalyst even faster.
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The recent testing by Klifgand Zhentf indicate that it is unlikely to achieve 10,000 r®of
catalyst life when combusting North Dakota lignite. fact, the catalyst life could be only a few
thousand hours as suggested by the pilot scalegestthe Coyote Station.

Besides catalyst deactivation, a high-dust SCR avenberience plugging problems due to ash
deposition and the carryover of “popcorn ash” fritv@ boiler. Ash deposition is a problem for
all units firing North Dakota lignite. Sodium issaynificant contributor to the “stickiness” of the
ash. Since the ash of North Dakota lignite costamch more sodium than other types of coal
where SCR has been applied, deposition problenmsbeibreatly increased. Since this sticky
ash is not easily removed, the catalyst life cdnddseverely reduced.

The flue gas temperature variation at the locadiomgh dust SCR would be placed is also a
concern for cyclone units. Minnkota indicates thia¢ temperature generally ranges from
approximately 430°F to 960°F for Unit 1 dependimgtiee unit’s load. For Unit 2, it could vary
from 430-880°F. However, temperatures as highC&)IF at Unit 1 and 990°F at Unit 2 have
been measured. Basin Electric has indicated tifetUnit 2 temperature can be significantly
higher than 750°F.

The EPA Air Pollution Control Cost Mandaitates:

“The NOx reduction reaction is effective only within a giveemperature range. The use of a
catalyst in the SCR process lowers the temperatange required to maximize the NO
reduction reaction. At temperatures below the ifipelcrange, the reaction kinetics decrease and
ammonia passes through the boiler (ammonia sky)temperatures above the specified range,
nitrous oxide (MO) forms and catalyst sintering and deactivatioruos.

In an SCR system, the optimum temperature depemd®ih the type of catalyst utilized in the
process and the flue gas composition. For the mibajof commercial catalysts (metal oxides),
the optimum temperatures for the SCR process r&oge 480°F to 800°F (250°C to 427°C).
The figure shows that the rate of the N®moval increases with temperatures up to a maximu
between 700°F to 750°F (370°C to 400°C)” (figureitted here).

The Control Cost Manualgoes on to state: “The relationships between dlag temperature,
catalyst volume, and NOremoval are complicated functions of the catafgsinulation and
configuration. The physical and chemical propserbé each catalyst are optimized for different
operating conditions. For a given catalyst forrtiata the required catalyst volume and/or
temperature range can even change from one mauatdaatf the catalyst to another. The
selection of catalyst, therefore, is critical te thperation and performance of the SCR system.”

This complicated relationship suggests that aduifioresearch, design and testing may be
required before the temperature problem could leeamme for cyclone units.

The final reason for technical infeasibility is sian of the catalyst. Because of the high ash
content and frequent cleaning cycles due to theslBpn characteristics of North Dakota lignite
ash, erosion may be more of a concern than wiituanlmous or subbituminous coal-fired unit.

The BART assessments for Minnkota and Basin Elecivere prepared by Burns and
McDonnell, which has considerable experience wiERSsystems, and the EERC, which has
extensive experience with North Dakota lignite. rggat and Lundy, LLC (S&L), another
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consulting firm acting on behalf of Basin ElectrRower Cooperative, also made two
presentations to the Department on the applicaifocBCR technology to North Dakota lignite.
S&L indicated it had designed 46% of the SCR systeémthe United States. Of the SCR
systems, 39 were for coal-fired units with 10 deem for Powder River Basin subbituminous
coal. S&L listed their “Keys to Achieving Success” as:

Understand deactivation mechanisms
Understand ash behavior

The “Understanding” establishes:

- Catalyst formulation

- Catalyst pitch

- Reactor velocity

- Catalyst surface and volume

Results in reactor size and shape to match catralgsagement plan
Physical model for:

- NHz and NQ mixing

- Gas distribution and velocity profile

CFD modeling:

- Identify and mitigate areas of potential ash d#so
- Mixing gases of different temperatures

S&L also provided possible solutions for deactiwatof the catalyst. However, they indicated
there was no known solution for deactivation duasdtuble alkalis such as the soluble sodium
compounds generated by the combustion of North @akgnite. S&L speculated that more
catalyst and a larger reactor may be possibleisakithowever, how much more catalyst or how
much larger the reactor would have to be to sdieeproblem was unknown. S&L also pointed
out that some design issues for North Dakota hateébeen addressed by Powder River Basin
experience. Some of these issues include:

The high level of soluble alkali in North Dakotgrlite
The particle size and sticky nature of high atk@INorth Dakota lignite
Potential abrasive qualities of North Dakota ligrash

S&L concluded their presentation with the followistatement about North Dakota lignite:
“There are attributes of this fuel in an SCR emviment that are not well understood today and
need more investigation to predict its performahceS&L recommendations included a
parametric pilot test program to:

Answer guestions on:

soluble alkalis

ash characteristics

size

stickiness

abrasive qualities

Compare findings with PRB experience.
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The BART Guidelinesdescribe the process commonly used for bringimgrarol technology
concept to reality as a commercial product as Wto

concept stage

research and patenting

bench scale or laboratory testing

pilot scale testing

licensing and commercial demonstration
commercial sales

The BART Guidelinesgo on to state “A control technique is consideaedilable within the
context presented above, if it has reached thee stddicensing and commercial availability.
Similarly, we do not expect a source owner to cahduxtended trials to learn how to apply a
technology on a totally new and dissimilar sousgeet Consequently, you would not consider
technologies in the pilot scale testing stages efetbpment as “available” for purposes of
BART review.”

“Commercial availability by itself, however is nogcessarily a sufficient basis for concluding a
technology to be applicable and therefore techlyick#asible. Technical feasibility, as

determined in Step 2, also means a control optiay measonably be deployed on or
“applicable” to the source type under consideration

B. Summary
The characteristics of the exhaust, or flue gasastr after combustion of fuel by a boiler

are governed by the design and operating charsitsri of the boiler and the
characteristics of the fuel. In this scenario, fie is North Dakota (Fort Union) lignite.
The BART applicants concluded in their BART anafyfeat available SCR catalysts are
not applicable for their unit(s).

One foremost issue in the NBART analyses is whether any unique charactesistie

to lignite fired by the boilers are cause for dotht known SCR technology is not
applicable and technically infeasible. We notd filagging of a catalyst on its face due
to deposition of particles larger than the pitch eofcatalyst (a.k.a. catalyst channel
blockage) and plugging of pores on surfaces oftalyst are generally different physical
interactions. Our review of the supplemental infation (see Minnkota BACT
analysid%) concludes that the following facts are not disgity EPA.

1) In cyclone firing of Fort Union lignite, abouts4- 50% of the ash forming
components of the coal end up as flue-gas ash.whthfired and tangentially
fired units, 25 - 35% of the ash ends up in the fjas. Unburned or partially
burned organic fraction of the Fort Union lignitehich contains more sodium
than other coals, reacts with silicate particlassoay a “stickiness” quality of flue
gas ash, which results in ash deposits on heasfenasurfaces. And larger
particles fracture from heat-transfer surfaces.ga.gopcorn ash) and enter the
flue gas stream. Consequently, deposition on sesfaf catalytic reactors occurs
and rates of deposition are higher.
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2)

3)

4)

5)

6)

7)

Fort Union lignite has a higher moisture contamdl is oxygen rich compared to
other coal types. This lignite also has a high#fus content compared to PRB
coal. Consequently, the flue gas stream is rickuifur dioxide (S@ and sulfate
(SOy) compared to other coal types.

Fort Union lignite has a higher organic mattentent. This lignite contains a
higher proportion of alkali metal constituentspesally sodium (Na). Cyclone
combustion of the coal produces ash, which is gg@med as slag on high
temperature boiler surfaces and as flue gas vapbfiae particles (less than 15
micrometers (microns)). About 75% of total soditmthe lignite is associated
with the organic fraction of the lignite; so veritlé of the sodium is associated
with the mineral fraction of the lignite such aayd. During combustion, organic
and water-soluble sodium vaporizes. Consequecdiynbustion of the coal leads
to higher flue-gas concentrations of alkali mebalgapor form.

Alkali vapors condense (homogeneous nucleatiar)to flue-gas cooling or react
(heterogeneous nucleation) with other flue gas ttoesits, e.g., mineral silicates
and sulfate. The size distribution of flue gastipkes is bi-modal, relating to
organically associated inorganics in coal and czald minerals and inorganics in
flue gas; the size distribution varies by coal tgpel combustion method.

NGO reduction occurs on the flat surfaces of a catays in pores within the flat
surfaces. The pores are open to the flue gasngasiough the catalyst reactor.
Condensed vapors, alkali sulfates and alkalindiearides and silicates are
minute particles (less than 1 microns), which empres of the catalyst (a.k.a.
plugging) and prevent catalytic reaction with NOResidual alkali vapors, Na,
potassium (K) and calcium (Ca) displace hydrogeh dhl fresh catalyst, which
prevents catalytic reaction with N@a.k.a poisoning) and reacts with sulfate to
cause blinding of catalyst surfaces. Pore condiemsaf sodium also causes
catalyst deactivation, which is a major deactivatimechanism. The rate of
catalyst deactivation depends on the concentratmmhform of alkali in the flue
gas; higher Na and K accelerate catalyst poisorlgding and plugging, which
requires more frequent catalyst maintenance.

There are no SCR systems planned, constructeaperating in the flue gas
stream of boilers fired with Fort Union lignite.of Union lignite has some coal
characteristics that are uniquely different tharif @oast lignites, such as the
larger proportion of organic matter and associatibalkali, sodium specifically,
with that organic matter.

Slipstream SCR reactors of the same design imetalled at three power plants
to test SCR for NQemissions control. One of the plants was cyclmed with
Fort Union lignite and the others with subbitumisoeoal. Deposition on the
reactor surface after two months using the ligmtes significantly greater; the
deposits were rich in sodium, calcium and sulflihe tests confirmed catalyst
blinding and plugging, but did not provide rates datalyst deactivation. Tests
also indicated that the deposits causing blindimgj plugging of pores contained
more sodium compared to PRB coal.
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8)

9)

10)

11)

There may be an engineering solution to redumgosition on the surface of
catalytic reactors. But there is no known in-reaeingineering solution to:

(a) reduce deactivation rates caused by heterogenezactions that form the
particles that cause pore blinding and plugging, or

(b) to restore the catalytic reactions by remopagdicles from catalyst pores.

There are no usable data for rates of deaativaif SCR catalyst in the flue gas
from combustion of Fort Union lignite. Catalysttghi is the only apparent
catalyst geometric affecting ash deposition; btdipalso affects flue gas velocity
through the reactor and, thus, times of exposufd@f for reduction to nitrogen
(N2) and water (kD).

The BART Guidelindsdo not provide specific numeric performance measur
that an SCR NQ control technology must achieve to satisfy thedgline’s
applicable (technically feasible) criteria.

The State of Louisiana recently determined thah dust SCR was not
technically feasible for an activated carbon plamtich utilizes lignite in the
process because of the flue gas characteristigh éikaline compounds) that will
deactivate the catalyst.

Companion issues including ammonia slip and pyfats emitted from a high-dust
SCR will exaggerate flue-gas particulate (ash) daépamn low-temperature convective
pass surfaces in the economizer and the primagyreiheaters.

Conclusions

The Department has completed an extensive revieall éspects of the application of
SCR technology to the North Dakota power plantsheWer the problems associated
with adapting SCR technology to a unit firing Noakota lignite can be overcome is
highly speculative.

The Department makes the following conclusions:

1)

2)

North Dakota lignite is extremely variable inaheontent, ash content, and in the
constituents that make up the ash. This varigbiiill affect the design and
operation of an SCR system.

The only pilot scale testing that has ever beamducted on a unit firing North
Dakota lignite was at the Coyote Station. Thetmlmle SCR plugged after only
2 months and little useful data was obtained. H@wmethe testing used the same
protocol as testing at the Columbia and Baldwinti&tawhich had fewer
problems. The Columbia and Baldwin Stations burbbguminous coal. The
Coyote testing demonstrates to the DepartmentNogth Dakota lignite firing
will have more severe effects (plugging and catadgsctivation) than units firing
subbituminous coal when the same design is employ@geration of an SCR
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3)

4)

5)

6)

system for only 2 months between catalyst changasoonuch less time than is
normally expected (at least 10,000 hours or 13.hths) for power plants.
Operation of an SCR system for only 2 months betwesalyst replacement is
not considered successful use or reasonable ope@tiSCR technology.

North Dakota lignite contains primarily organsodium compounds. The
combustion of the lignite produces soluble sodiwmpounds which causes more
severe catalyst deactivation problems than inselabtlium compounds.

The flue gas constituents that cause SCR catdbactivation at North Dakota
power plants are significantly different from Texégnite, Wyoming PRB
subbituminous coal, and Pennsylvania bituminoud. c&&hen cyclone boilers
combusting North Dakota lignite are compared to ather type of combustion
unit burning the other types of coal, the concémmnaof sodium compounds in
the flue gas is at nearly five times greater (basedaverage coal and Ib/wscf
basis) than the other types of fuel and the tatiahgry alkali constituents (CaO,
NaO, MgO and KO) are approximately double. When pulverized ufiriag
North Dakota lignite are compared to pulverizedtariiring other coals, the
sodium ratio is approximately three times and ttal tprimary alkali constituents
ratio is approximately 1.4. The flue gas generateNorth Dakota power plants
is different from the flue gas at any plant wher@RStechnology has been
applied, primarily due to the high concentrationsofuble sodium compounds
and the total flue gas loading of catalyst deatitvachemicals. Recent testing
by Kling*! and Zhenlf suggest that it may not be possible to obtainG®@urs
of catalyst life and probably much less than 10,0600rs. This difference in flue
gas characteristics will preclude the successfel ois reasonable operation of
existing SCR technology at these units. Additiqubdt scale testing is necessary
to learn if the technology can be adapted.

Both Burns and McDonnell and Sargent and Lundyehextensive experience
with the design and operation of SCR systems. 8wnd McDonnell has

expressed concerns whether an SCR system can bessfudly designed and
operated at a boiler combusting North Dakota lgnitS&L has indicated that
certain design issues have not been addressed By (Ribbituminous coal)

experience. They have also indicated that someritapt unanswered questions
pose significant risks for an SCR design engineer iecommended pilot scale
testing before design takes place. The questafhamanswered include:

High level of soluble alkali in North Dakota tige

Particle size and sticky nature of high alkalNwth Dakota lignite
ash

Potential abrasive qualities of North Dakotaniig ash

The BART Guidelin€eslist the stages in the development of a commeatiatrol
system from concept stage to commercial sales.efirpntation with the SCR
system takes place during the bench scale/labgrégsting or pilot scale testing
stages. Although adjustments of full scale (conmmaémproduct) units is often
necessary, the source operator should not be eshair this stage to conduct
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7)

8)

9)

10)

experimentation in order to make the equipment wdarkis could cause extended
time delays and resource penalties for the soypeeator. To design and install
an SCR system for a unit firing North Dakota lignitithout obtaining additional
data from bench scale or pilot scale testing wnaleéxperimentation.

The temperature variation of the flue gas atarny units entering the SCR will

adversely affect performance and must be resoleeduccessful application of
this technology. Engineering studies will be regdito determine if this problem
can be resolved. Minnkota and Basin Electric are nequired to experience
extended time delays or resource penalties to aflesearch to be conducted.
Neither are they required to experience extendeadstto learn how to apply a
technology. The temperature problems for the SGIRrequire extensive, and

correspondingly expensive, engineering studieseterdine if this problem can

be resolved.

There are unresolved issues regarding catalgstom from the ash. Recent pilot
scale testing will have to be evaluated to deteemirthe erosion problems are
resolvable.

Poisoning, blinding and plugging of a catalys affected by the geometries and
properties of the catalyst. Firing of Fort Uniagnite results in a flue gas stream
that highly accelerates poisoning, blinding andyglag (of pores) due to the rich
sodium and potassium vapors, particles and ammoasulfates (due to ammonia
injection) in lignite-fired flue gas. The enginggy solutions of a larger SCR
reactor, more catalyst and larger pitch do not lvesehe rapid plugging of
catalyst pores, at least with some certainty tarasa predictable useful life of
catalyst before change out. There is no catalgsider solution to reduce or
eliminate catalyst pore plugging. The chemical @hgsical process of pore
plugging cannot be reversed, which dictates catalysnge out.

Without pilot scale testing, the long term N@duction efficiency, the volume of
the reactor, the catalyst pitch, life of the cagglpr even the type of catalyst to be
used cannot be predicted with a high degree ofidenfe. Sargent and Lundy
has pointed out that to design an SCR system fadart burning North Dakota
lignite without pilot scale testing would presengrsficant risks for the SCR
design engineer. Without these design factorsrohed, any cost estimate
would be conjecture and any evaluation of costcéiffeness or incremental cost
in Step 4 of the BART analysis would be meaningle$se BART sources are
not required to conduct pilot testing to obtairsttiata.

Therefore, the Department has determined, basegliolance in 40 CFR 51, Appendix
Y?!, that high dust SCR technology is not availabld #us not technically feasible at
this time for units combusting North Dakota lignite
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Part Il.

A.

Low Dust and Tail Gas SCR
Introduction

Selective catalytic reduction (SCR) systems thatpdaiced downstream of the particulate
matter (PM) and sulfur dioxide (SPcentral systems are generally referred to astall
SCR. Tail end SCR systems have been used onicedlend biomass fired boilers in
the United States as well as other countries. Keweio SCR system including a tail
end SCR, has ever been operated on a boiler fidimgh Dakota lignite. The flue gas
produced by the combustion of North Dakota ligrétstains high concentrations of
alkali aerosols (primarily sodium and potassiur@yclone boilers, such as the two units
at the M.R. Young Station, produce higher conceioimna of submicron aerosols than
conventional pulverized or fluidized bed boilerBhe higher temperature in the cyclone
boilers vaporizes the organically associated sodand potassium in North Dakota
lignite. When these elements condense, they fobmauon aerosols. Minnkata(page
12) has indicated that the condensed vapors haweaa diameter of approximately 0.1
micrometers. Papers by Kliigand Zhen{f have indicated that the aerosols with a
diameter less than or equal to 0.1 micrometersecthesgreatest catalyst deactivation.

The NSR Manual states that decisions regarding technically féiigitare made by
comparing the physical and chemical characteristicdhe exhaust gas stream from the
unit under review to those of the unit from whidte ttechnology is being transferred.
Unless significant differences between the souyped exist that are pertinent to the
successful operation of the control device, thentrmb option is presumed to be
technically feasible unless the source can prastarmation to the contrary.

Since no low dust or tail end SCR system has eeen lapplied to a boiler that combusts
North Dakota lignite, an evaluation of the flue gasracteristics was made to determine
if they were substantially different from facilisethat have successfully applied SCR
technology or to determine if empirical data woirdicate whether LDSCR or TESCR
can be successfully applied.

Flue Gas Characteristics

The Minnkota lignite represents the worst-casttifier evaluation of low dust or tail SCR
application to a unit combusting North Dakota ligni At the M.R. Young Station, both
units use an electrostatic precipitator (ESP) tatrod PM emissions. Unit 2 is equipped
with a wet scrubber to control $@missions while a wet scrubber will be construdted
Unit 1. Minnkotd® (p. 20) as part of their BACT analysis has prodide analysis of the
particulate matter emitted from Unit 2. The analysdicated the PM was 6.56% sodium
(Na), 2.26% potassium (K), 5.71% sulfur (S), 57.58%ygen (O) and the remaining
other elements.

The form of the sodium and potassium is most likelgulfate form® (p. 32). If all of
the sodium and potassium are in the sulfate foodiusn sulfate and potassium sulfate
would compromise approximately 25% of the totaltipatate matter emitted from Unit
2. Minnkota has indicated that the sample of #iqulate matter that was analyzed was
obtained while some flue gas was bypassing thg se@ibber. The amount of sodium,
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potassium and/or sulfur in the sample could beedidsgh when compared to a sample
when all flue gas passes through the wet scrubber.

A review of the latest PM stack tests at M.R. Youdgit 2 (8/07 and 5/08) indicated an
average PM emission rate of 10.61 milligrams pemad cubic meter (mg/Nfi Based
on 25% of the PM being sodium and potassium syltae combined emission rate of
these two compounds is approximately 2.7 mg/NnThis indicates a sodium and
potassium removal efficiency of greater than 99%heyESP and wet scrubber.

Minnkota has submitted data from a study by Marka¥isp. 31) which indicated that
approximately 81% of the sulfate emitted is lesantil.1 micrometers in size and
approximately 36% is less than 0.26 micrometersize. Based on the latest stack tests
and the Markowski data, the submicron sodium sellfdtis potassium sulfate emission
rate would be less than 2.2 mg/Rimnd the emission rate of sodium and potassium
sulfate less than 0.26 micrometers in size wouldygroximately 1.0 mg/Nfn These
values are similar to those Markowski reported Wwhigere 1.335 mg/fhand 0.602
mg/nT respectively.

Catalyst Deactivation

The two primary flue gas constituents that will alBCR catalyst deactivation in a talil
end configuration are sodium and potassium, mésiyiiin sulfate form® (p.32-35).
Crespt’ (et.al.), in their paper regarding the Amager iStatpresented a graph which
shows the effect of various poisons on the actiafyvanadia — titania catalysts.
Minnkota* (page 21) provided similar information that indesthat potassium oxide is
a more potent catalyst poison on a molar basis slogium oxide. Although no actual
data is supplied, analysis of the graph indicaies potassium oxide is £/7- 2.0® times
more potent catalyst poison than sodium oxide (onmalar basis) up to a
vanadium/titanium to poison ratio of 0.6. Becayssassium oxide has a larger
molecular weight than sodium oxide, the poisonmiipris 1.1 — 1.3 on a mass basis.

As indicated earlier, Kling and Zhenlf have indicated that the aerosols less than or
equal to 0.1 micrometers cause the catalyst dedictiv. Data are not available to
calculate the portions of the PM emissions fromt@rthat would be less than or equal to
0.1 micrometers. A conservative assumption is #ilabf the sodium and potassium
sulfate less than 0.26 micrometers is less thaeqgorl to 0.1 micrometers. The total
emission rate for sodium and potassium sulfate aoecbis estimated at less than 1.0
mg/NnT of which 0.78 mg/Nrhis sodium sulfate and 0.20 mg/Nis potassium sulfate
based on the filter analysis submitted by Minnkbta

Kling™ has provided catalyst deactivation rates for wabi@mass fuels which produce a
flue gas that contains sodium and potassium aexosbhe testing was conducted using
different types of honeycomb MJs/TiO, SCR catalyst. Type A catalyst was catalyst
typically applied at coal-fired power plants, TyRevas a “bio-optimized” catalyst with
increased vanadium content, and Type C had antagler vanadium content.
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For a mixture of peat and 15% wood, the flue gastained 4.4 mg/Nfhof potassium
chloride and 0.8 mg/Nfof sodium chloride aerosols with an aerodynamidigle
diameter less than 0.1 micrometers.

Peat + 15% Wood* Center Lignite**
Potassium (mg/Nf 4.4 0.20
Sodium (mg/Nm) 0.8 0.78

*As chloride
**As sulfate

The maximum deactivation rate was 12% in 768 hogisg Type A catalyst. Another
result indicated 15% deactivation in 1488 hoursigiSiype B catalyst. The shorter test
on peat plus 15% wood indicates 6400 hours to 188&etivation while the longer test
indicates 9920 hours to 100% deactivation. Regagrdhe deactivation rates, Klihg
et.al stated “Exposure of this kind of short sarege/es a larger deactivation compared
to a full-length catalyst [1,4] that is mainly ans@quence of turbulence of the inlet of the
catalyst, before laminar flow is attained.”

The flue gas concentration of sodium from Cenggrite is similar to that of the peat plus
15% wood; however, the potassium content is appratély 17 times lower. Zhetfy
has reported that potassium chloride has an SCiystatlieactivation rate of 1% per day
versus 0.4% per day for potassium sulfate, or #gimore. It appears the catalyst life
for an SCR at M.R. Young Station would be subs#digtionger than that estimated for
peat plus 15% wood.

Zheng et.al? found a deactivation rate of 0.4% per day for gsitan sulfate or 6,000
hours to 100% deactivation. The testing was cordlat a loading of 20-30 mg/Nm
The aerosols varied in size from 0.07 micrometers.®5 micrometers with a mass mean
diameter of 0.55 micrometers. The Markowski datfidates that approximately 53% of
outlet sulfate was less than or equal to 0.52 mieters. Based on the latest stack tests
at M.R. Young Unit 2, this equates to an emissate of approximately 1.4 mg/Nhfor
those sodium and potassium sulfate aerosols lessGfb2 micrometers. The Minnkota
emission rate is substantially less (14-21 timeahtthe Zheng testing. Again, this does
not consider the fact that potassium sulfate isogenpotent catalyst poison than sodium
sulfate. This suggests that a much longer catdifgstis possible for North Dakota
lignite.

For a LDSCR application, the only air pollution ¢ah device prior to SCR will be a dry
electrostatic precipitator (ESP). Stack test tedubm the FINE Particles — Technology,
Environmental and Health Technology Prograrfthseiggests that an ESP on a biomass
boiler will have a control efficiency of greatemth 90% for submicron particles and can
achieve greater than 96% for particles less thdn miicrometers in size. This is
consistent with AP-42data for Kraft recovery boilers which indicates BSP can
remove more than 98% of the submicron particulasgten in the flue gas which is
primarily sodium sulfaté. Similar results are reported for coal-fired/basa boilers by
Mohr??, Lind® and the Power Station Emissions HanlfoKhis indicates that most of
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the submicron sodium and potassium aerosols, imguthose aerosols less than 0.1
micrometers in size, will be removed by electrastptecipitators.

Minnkota has submitted data on the ash composditiahaccumulate on the electrodes of
the Power Span ECO electrodes during a pilot‘t¢st 26). The data suggests that the
sodium and potassium concentration in the partieutaatter downstream of the Unit |
ESP is higher than the concentration in the pdeteumatter downstream of the Unit Il
wet scrubber. However, the concentration is lbas & factor of two higher. The total
loading of sodium and potassium, as indicated bydtita submitted by Minnkota, would
still be considerably less than the loadings inKtieg'* and Zhentf tests. This suggests
that the catalyze deactivation rate of LDSCR and¥Y8Rshould be lower than in the
referenced tests.

Vendor Information

The U.S. Department of Justice, through their @mtor Mr. Hans Hartenstein, has
provided emails from various catalyst and SCR syspeoviders® as part of Minnkota
BACT process. Each of the responses from the vsniddicated that tail end SCR is
technically feasible for the Milton R. Young Statio

The Department contacted three of the vendors,iCé&ravironmental, Haldor Topsoe

and Babcock Power. The companies generally coatirthe information in the emails to

Mr. Hartenstein. Babcock Power indicated they hadworries about getting 10,000

hours of catalyst life at the M.R. Young Statiddowever, they recommended “coupon”
testing prior to design of the SCR. Ceram was twed it was technically feasible;

however, their representative did acknowledge ifithie sodium and potassium aerosols
are making it through the ESP and wet scrubbemlysit deactivation could be a

problem. Haldor Topsoe indicated that the catadgsictivation at M.R. Young would be

manageable if the catalyst is kept dry during oesagAlthough no written guarantees
have been provided by the vendors, it appearsviradors are willing to provide them

for a tail end SCR at the M.R. Young Station.

Similar Facilities using SCR

There are no boilers that combust North Dakotaitkgand are equipped with SCR
technology. In general, other U.S. coals are moaler in the organically associated
alkalis that cause SCR catalyst deactivation. oniiss fired boilers would have flue gas
characteristics that more closely approximate tHom® North Dakota lignite. At least

four biomass boilers that are equipped with tadl @n low dust SCR are currently in

operation.

These include:

. Whitefield Power & Light, New Hampshire — Boilerasswhole tree chips
and has operated since October 2004.

. Bridgewater Power, New Hampshire — Boiler uses wlicte chips and
has operated since October 2007.
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. Pine Tree Power, New Hampshire.

. Boralex Stratton, Main — Boiler was whole tree shigraste wood, and
construction and demolition waste. The boiler lgserated since
December 2004.

The Department is also aware of proposed instafiadt the Burlington Electric Plant in

Vermont, Synterprise Global Solutions in Tennessee the Amager Heat and Power
Plant near Copenhagen, Denmark. The Amager Stetialso allowed to burn coal and
may not be required to operate the SCR when coimnigusiomass.

Although there are boilers that combust 100% biamaasl utilize SCR for NQOcontrol,
there is very little information about the actuading of potassium and sodium aerosols
at the inlet to the SCR. The New Hampshire Depamtnmof Environmental Services
(NHDES) was contacted regarding the biomass boileas use low dust/tail end SCR.
The Whitefield Power Plant is a 16 MWe spreadekestahat is equipped with a
multiclone and electrostatic precipitator for pewtate matter control. The NHDES
confirmed the boiler had been operating for apprately four years. NHDES was not
aware of any catalyst deactivation problems atfdugity. The plant has a N@&mission
limit of 0.075 Ib/10 Btu. The other facilities in New Hampshire amnitr; however,
they are not operated as long. No data was almitalgarding the loading of potassium
and sodium at the inlet of the SCR.

Conclusions

The Department has concluded that an SCR systernlraus a catalyst life of at least
10,000 before SCR technology could be deemed ssictigsapplied to the source. No
data has been found from an actual operating faciihich has similar flue gas
characteristics to M.R. Young Station for applyimgh dust, low dust or tail end SCR.
However, experimental and pilot scale testing bindff provides a good comparison for
a low dust or tail end SCR. The total sodium aothgsium loading of aerosols less than
0.1 micrometers expected at the inlet of a tail 8adR at M.R. Young Station is expected
to be at least 5 times less than found is Klingstes peat plus 15% wood. Kling’s data
indicated up to 9920 hours of catalyst life forabgst type B. Zheng®$ data suggested
6,000 hours of catalyst life when exposed to patassulfate at a concentration (0.55
micrometer aerosols) which is 14-21 times highantthe concentration of sodium and
potassium sulfate aerosols of this size expectésl af wet scrubber at M.R. Young
Station. Klind* also pointed out that the testing probably ovémeges the deactivation
rate because of turbulence in the pilot scale iafethe catalyst which would be more
laminar in a full scale SCR.

Existing biomass boilers are using tail end SCReessfully. Although the boilers are
not cyclone fired units, the new Hampshire units signilar PM control devices as M.R.
Young Station (i.e. ESP). The Whitefield Plant loperated for more than four years
without deactivation problems. Klihghas referred to “bio-optimized” catalyst and
higher vanadium catalysts that appear to have gelohife than the typical coal-fired

boiler SCR catalyst for a given concentration afism and potassium aerosols. A “bio-
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optimized” catalyst will be installed at the Amadstatiort®>. Vendors believe that tail
end SCR is technically feasible and can be suadéssipplied at M.R. Young Station.

The Minnkota situation represents the worst-casmao for boilers burning North
Dakota lignite that are subject to BART. Basedtlos experimental data available, the
use of tail end SCR on biomass fired boilers, agnbior information that tail end SCR is
feasible at the M.R. Young Station, the Departnoemicludes that tail end and low dust
SCR are technically feasible for boilers combustiayth Dakota lignite that are subject
to BART requirements.
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