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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD
OF THE STATE OF ILLINOIS

MIDWEST GENERATION, LLC

Low NOx Bumner System with Separated
Over-fire Air System for Joliet Station No. 29,
Unit No. 8 PCB 14-

(Tax Certification - Air)

PROPERTY IDENTIFICATION NUMBER
07-19-400-016-9002 or portion thereof

NOTICE
TO:  [Electronic filing] [Service by mail]
John Therriault, Clerk Fred McCluskey
[llinois Pollution Control Board Midwest Generation, LLC
State of Illinois Center 440 South LaSalle Street, Suite 3500
100 W. Randolph Street, Suite 11-500 Chicago, Illinois 60605

Chicago, [llinois 60601

[Service by mail]

Steve Santarelli

Ilinois Department of Revenue
101 West Jefferson

P.O. Box 19033

Springfield, Illinois 62794

PLEASE TAKE NOTICE that I have today electronically filed with the Office of the
Pollution Control Board the APPEARANCE and RECOMMENDATION of the Illinois
Environmental Protection Agency, a paper copy of which is herewith served upon the applicant
and a representative of the Illinois Department of Revenue.

Respectfully submitted by,

Ist GReth S Q__féﬂ(jﬁ!((ﬂ

Robb H. Layman
Assistant Counsel

Date: December 6, 2013

ILLINOIS ENVIRONMENTAL PROTECTION AGENCY
1021 North Grand Avenue East

P.O. Box 19276

Springfield, IL 62794-9276

Telephone: (217) 524-9137
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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD
OF THE STATE OF ILLINOIS

MIDWEST GENERATION, LLC )
Low NOx Burner System with Separated )
Over-fire Air System for Joliet Station No. 29, )
Unit No. § ) PCB 14-
) (Tax Certification - Air)
)
PROPERTY IDENTIFICATION NUMBER )
07-19-400-016-9002 or portion thereof )
APPEARANCE

I hereby file my Appearance in this proceeding on behalf of the Illinois Environmental
Protection Agency.

Respectfully submitted by,

/s/ @?M LC;/_Z/) BQ_K/JUJJI({I(

Robb H. Layman
Assistant Counsel

Date: December 6, 2013

ILLINOIS ENVIRONMENTAL PROTECTION AGENCY
1021 North Grand Avenue East

P.O. Box 19276

Springfield, Illinois 62794-9276

Telephone: (217) 524-9137
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BEFORE THE ILLINOIS POLLUTION CONTROL BOARD

OF THE STATE OF ILLINOIS

MIDWEST GENERATION, LLC )
Low NOx Burner System with Separated )
Over-fire Air System for Joliet Station No. 29, )
Unit No. 8 ) PCB 14-

) (Tax Certification - Air)

)
PROPERTY IDENTIFICATION NUMBER )
(7-19-400-016-9002 or portion thereof )

RECOMMENDATION

NOW COMES the ILLINOIS ENVIRONMENTAL PROTECTION AGENCY (“Illinois
EPA”), through its attorneys, and pursuant to 35 Ill. Adm. Code 125.204 of the ILLINOIS
POLLUTION CONTROL BOARD’S (“Board”) procedural regulations, files the Illinois EPA’s
Recommendation n the above-referenced request for tax certification of pollution control
facilities. The Illinois EPA recommends issuance of a tax certification covering the subject
matter of the request. In support thereof, the Illinois EPA states as follows:

1. On or about April 25, 2008, the ITllinois EPA received an application and
supporting information from MIDWEST GENERATION, LLC, (“Midwest Gen”) concerning
the proposed tax certification of certain air emission sources and/or equipment located at its
Joliet generating station in Will County, Illinois. A copy of the application is attached hereto.
[Exhibit A]. Following a belated discovery that the application had been misplaced, the Illinois
EPA’s undersigned attorney sought and obtained verbal confirmation from Midwest Gen
concerning the continuing need for certification of the subject sources and/or equipment on
December 6, 2013.

2. The applicant’s principal business address is as follows:

Midwest Generation

440 South LaSalle Street, Suite 3500
Chicago, Illinois 60605
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3. The facility address is as follows:

Midwest Generation

Joliet Station No. 29

1800 Channalion Road

Joliet, Illinois 60436

4. The subject matter of this request consists of Low Nitrous Oxide (NOx) Burner
System with a Separated Over-fire Air System, which were constructed and installed by Midwest
Gen on Unit No. 8 of the Joliet Station No. 29. A low NOx burner system, as generally
recognized in the field of air pollution control technology, is a type of process modification that
offers enhanced abatement of NOx emissions while providing the basic functionality of
conventional burners. An over-fire air system is a type of process modification that is not an
inherent component of conventional boilers and provides a discrete, enhanced abatement of NOx
emissions. As described in the application, the Low NOx Burner System for the affected boiler
consists of the replacement of “all existing tilting nozzle tips in each wind box with redesigned
tips and related dampers.” See, Exhibit A, page 1 at Section D. The Over-fire Air System
consisted of the upgrading of the “existing windbox partition plates™ and the addition of “multi-
staged. .. registers above the main firing zone.” /d. The systems collectively regulate “the
mixing of coal and air to limit oxygen availability during the initial stages of combustion” and,
similarly, assure that “secondary air [mixes] with the products of initial combustion at a location
near the flame boundary.” /d. As a consequence, NOx formation during combustion is
“inhibited” and the process modifications therefore act to prevent or reduce NOx emissions that
would otherwise be emitted from the boiler, /d.
5. Section 11-10 of the Property Tax Code, 35 ILCS 200/11-10 (2002), defines

“pollution control facilities™ as:
“any system, method, construction, device or appliance appurtenant thereto, or

any portion of any building or equipment, that is designed, constructed, installed
or operated for the primary purpose of: (a) eliminating, preventing, or reducing air
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or water pollution... or (b) treating, pretreating, modifying or disposing of any
potential solid, liquid, gaseous pollutant which if released without treatment,
pretreatment, modification or disposal might be harmful, detrimental or offensive
to human, plant or animal life, or to property.”
6. Pollution control facilities are entitled to preferential tax treatment, as provided by
35 ILCS 200/11-5 (2002).
7. Based on information in the application and the primary purpose of the Low NOx
Burner System and the Separated Over-fire Air System to prevent or reduce air pollution, it is the
Illinois EPA’s engineering judgment that both systems and their related appurtenances may be
considered as “pollution control facilities” in accordance with the statutory definition and
consistent with the Board’s regulations at 35 [ll. Adm. Code 125.200. [Exhibit B]. In keeping
with prior recommendations in similar matters, the Illinois EPA would expect any preferential
tax treatment for the Low NOx Burner System, as determined by the Department of Revenue in
separate proceedings, to address only the incremental costs associated with the system in relation
to conventional burner systems.
8. Because the information in the application demonstrates that both the Low NOx
Burner System and the Separated Over-fire Air System satisfy the aforementioned statutory and
regulatory criteria, the lllinois EP A recommends that the Board issue the applicant’s requested

tax certification.

Respectfully submitted by,

isl Dets G @(g/ﬁ((ﬂ

Robb H. Layman
Assistant Counsel

DATED: December 6, 2013

ILLINOIS ENVIRONMENTAL PROTECTION AGENCY
1021 North Grand Avenue East

P.O. Box 19276

Springfield, Illinois 62794-9276

Telephone: (217) 524-9137
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CERTIFICATE OF SERVICE

I hereby certify that on the 6™ day of December, 2013, I electronically filed the following
instruments entitled NOTICE, APPEARANCE and RECOMMENDATION with:

John Therriault, Clerk

Illinois Pollution Control Board

100 West Randolph Street

Suite 11-500

Chicago, Illinois 60601
and, further, that I did send a true and correct paper copy of the same foregoing instruments, by

First Class Mail with postage thereon fully paid and deposited into the possession of the United

States Postal Service, to:

Steve Santarelli Fred McCluskey

Illinois Department of Revenue Midwest Generation

101 West Jefferson 440 South LaSalle Street, Suite 3500
P.O. Box 19033 Chicago, Illinois 60605

Springfield, Illinois 62794

Is! ORet H @thmu

Robb H. Layman
Assistant Counsel
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APPLICATION CERTIFICATION (PROPERTY TAX TREATMENT)

POLLUTION CONTROL FACILITY [This. Agency is authorized to request this infonnation|
X under 11linois RevisedSta"tues, 1979. Chapter, 120,
AIR WATER Section 502a-5. Disclosure of this information is
voluntary. However. failure to comply could prevent|
ILLINOIS ENVIRONMENTAL PROTECTION AGENCY \vour application fronl being processed or colild resulf]
P. 0. Box 19276, Spnngﬂe]d, IL 62794-9276 fin denial of your application for cerﬁﬁcntigﬂ.
FOR AGENCY USE
File No. Date Received Certification No. Date
Company Name Midwest Generation, LLC - Joliet Station #29 (Unit 8)
Person Authorized to Receive Certification Person to Contact for Additional Details
Fred McCluskey Jeff Bard
Street Address Street Address
4 g
40 South LaSalle Street Suite 3500 same R Ec g, =
Municipality, State & Zip Code Municipality, State & Zip Code STATE OoF ’LUNO]
= Chicago, IL 60605 same S
<< << ADD A ~
GO R Z 7008
&3 Telephone Number 312-583-6000 Telephone Number same S
o
< Location of Facility Environmeny) Profec;
. . o . c On Ag‘erl
Quarter Section Township Range Municipality Towﬁéﬁ{n Cy
Joliet
Street Address County Book Number
1800 Channahon Road, Joliet, IL 60436 Will
Property Identification Number Parcel Number

07-19-400-016-9002

Nature of Operations Conducted at the Above Location — Joliet Station #29 (Unit 8)
Generation of Electricity from a coal fired power plant

g Water Pollution Control Construction Permit No. Date Issued
ZZ
mpP 8
49 E NPDES Permit No. Date Issued Expiration Date
0 W
=g
£ O | Air Pollution Control Construction Permit No. Date Issued August 31, 2000
= 00060099
Air Pollution Control Operating Permit No. Date Issued October 10, 2001
73030832

Describe Unit Process

A steam electric boiler converts the chemical energy in the fuel coal into thermal energy that is used by a steam turbine. To achieve this two
fundamental processes are necessary: combustion of the coal by mixing with oxygen, and the transfer of the thermal energy from the resulting
combustion gases to the working fluids of water and steam. The device that converts mechanical energy into electrical energy is the generator.
To handle the coal delivered to the plant a coal handling system that processes the coal is part of the operation for transfer and storage.

Materials Used in Process

Sec. C
MANUFACTURING
PROCESS

Coal

Describe Pollution Abatement Control Facility - Low NOx Burners

a2 Z | Alow NOx burner system with separated over-fire air has been installed. The low NOx burner system includes the replacement of all existing
8 Q tilting nozzle tips in each wind box with redesigned tips and related dampers, and refurbishment of the existing windbox partition plates and
= adding multi-staged separated over-fire air registers above the main firing zone. Combustion NOx controls reduce NOx formation by staging or
% ¥ | delaying the mixing of coal and air to limit oxygen availability during the initial stages of combustion thereby inhibiting NOx formation and
oo 8 directing secondary air to mix with the products of initial combustion at a location near the flame boundary thereby also inhibiting thermal NOx
2 % & | formation.
n <
':_‘}E I el R S D A B
i3
o] -
B Exé J + /f
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T

(1) Nature of Contaminants or Pollutants

Material Retained, Captured or Recovered

Contaminant or Pollutant DESCRIPTION DISPOSAL OR USE

o
I._
z - — A ‘ ‘ - ‘
SN/ RoGEN 0’)({{);; 5 (NCJ 'D NITROGEN OX/DES ( O;D NOx epmissinvs Are Repvces
Z
~
> Z
=g
5
(5}
<
L
g’ (2) Points of Waste Water Discharge
Lu L
=
&8 ]
g Plans and Specifications Attached | Yes No X
% % (3} | Are contaminants (or residues) collected by the control facility? Yes No X
Q S (4) | Date installation completed: May 2, 2001 Status of installation on date of application: Complete
s
% (5) | a. FAIR CASH VALUE IF CONSIDERED REAL PROPERTY: $ 9,076,405
5 _
8 b. NET SALVAGE VALUE IF CONSIDERED REAL PROPERTY: $
(5}
< ¢. PRODUCTIVE GROSS ANNUAL INCOME OF CONTROL FACILITY: $
| d. PRODUCTIVE NET ANNUAL INCOME OF CONTROL FACILITY: $
e. PERCENTAGE CONTROL FACILITY BEARS TO WHOLE FACILITY VALUE: % 0.9%
The following information is submitted in accordance with the lllinois Property Tax code, as amended, and to the best
m of my knowledge, is true and correct. The facilities claimed herein are “pollution control facilities” as defined in
g Section 11-10 of the lllinois Property Tax Code.
g g Fred McCluskey
0 =
o
7}

Sighatire < Title

W / ') Vice President, Technical Services
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ABSTRACT . '
United lI[ummatmg and ABB C-E Serwces inc report the -

first. commercial retrofit installation and performance
results from a TFS2000™R fi nng system. : Pre-retrofit -

;- and post-retrofit figld trials were conducted to evaluate
-7 the impact of the retrofit design on the boiler emissions

and thermal performance. During testing. the retrofitted

- 390-MW g utility boiler demonstrated NOx ernissiong on .- l
the order of 0.25 ib/1 08 Btu. while firing Eastern bitumi-* -

hous coal over the entire load range, without increase in
unburned carbon (UBC). 6potentlai minimum NOx
emission level-of 0.16 Ib/10 Btu was achieved in para-
metric testing The effects of the retrofit on boiler emis-
slons, thermal performance and operating expenence
are reported ’

INTHODUCT!ON

* United lluminating (U1) browdes electricity to south-cen- -

tral Connecticut. In 1984, the electricity produced in the
Ui system came from an energy mix that was 94% fuel
ol and 6% nuclear. To diversify its fuel base, in that year
Ul reconverted the Bridgeport Harbor Station Unit 3
(Figure 1) for coal firing. By 1985, the contribution of il
to Ul's energy mix was reducead to 53%; nuclear was 9%,
and coal had provided 37%. Continuing with its strategy
of utilizing diverse fuels, Ul shifted its energy mix to 1%
natural gas, 5% hydro 8% trash-to -anergy, 17% oil, 35
% nuclear, and 349 coal by 1992,1

_ The city of Brldgeport is located in a “Severe ozone

nonattainment area under the 1990 Clean Air Act - :
Amendments (CAAA) Title . Bridgeport Harbor Station ,

.Unit 3 (BHS Unit 3) is a Phase If unit-under CAAA’
< Title M. The State-of Connecticut's Reasonably

Achievable Control Technology (RACT) NOx limitation is

0.38 1b/108 Biu for tangential coal-fired boilers. Wlth Urs .

fuel strategy in place, the utility decided to retrofit BHS .

Unit 3, its only coal-burning unit, w1th an aggressgve Iow :

NOx frmg system o

T ABB c- E Serwces lnwted UI to parncxpate in a research -
i and development project in which BHS Unit 3 wou!d
~ - serve as the first commerclal field demonstration of -

.+ TFS 2000™R technology. Similar technology had

£y
i.F
I
b

previously demonstrated u!tra-low NOx emissions at the :

: Iaboratory sca[e 2

UNIT DESCHEPTION

BHS Unit 3 is a Combustion Englneering Inc., Controlted
Circulation® steamn generator with radiant reheat cycle -
and a pressurized fumace (Figure 2). it was designed in

Figure 1: United lluminating's Bridgeport Harbor Station

1965 and commissioned in 1968. The steam generator -
is rated at 2,700,000 th/hr primary steam flow at maxi-
mum continuous rating (MCRY), with a carresponding
reheat flow of 2,387,000 Ib/hr. The MCR design super-
heat and reheat outlet steam temperatures are 1005 F.
Operating pressure at the superheater outlet is

2629 psig. ' &

i\!ominaﬂy rated at 390 MW, the unit was equipped with

a Tilting Tangential Firing System for firir.g pulverized
coal from five elevations and ol from four elevations.
During the reconversion to coal firing in 1984, close-cou-

'pled ovetfire air was added. BHS Unit 3 operates w1th
~ Eastern U.S, bituminous coals from sources in "

Kentucky. The coal composition is relatively uniform,
with a low sulfur content and low slagging/fouling poten-
tiat. Table 1 shows a typical coal analysis for BHS

Unit 3.
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Table 1: " Typical Coal Analysis

had no hlstory of sugntfrcant slag-
ging or foufing, and no history of
- pressure part failures'related to

. thécoal proper‘nes

TFS EOOOTMR SYSTEM
DESIGN
The TFS 2000™R System at
BHS Unit 3 is an integrated retro-
fit design based on the suceessful
laboratory development of

" Combustion Engineering, Inc.’s
(ABB C-E) TFS 2000™ system
for new boilers.2 The challenge
is to provide the most aggressive
control of NOx emissions possible
within the constraints of a fixed
furnace geometry, without intro-
ducing any radical or negative
departures from either design or
operating practices. - Previous
research and development efforts
suggested that the laboratory

e

e

Rt

results for absolute NOx emis-.

_F' qure 2: Bndeporl: Harbur Stat:nn Umt 3 Fre. Hetrofit

S|de Elevat:on .

© BHS Unit3is typically operated 6n automatic load dis-
- - patch, generating steam at MCR on weekdays and at

control load of lower on nights and weekends. Pre-retro-

- fit NOx emissions under normal operating conditions

were in the range of 0.55-0.80 Ib NOx/10° Btu. The unit

‘sions, and trends for carbon
" monoxide and unbUrned carbon,

were consistent with a utility "

boﬂer3 Therefore, the next step

- in the commerc:ahzation of the TFS 2000™R technolo-
' gy was a fneld demonstratnon on a Iarge utxiity bouler

| 'The bassc d951gn phrfosophy of the TFS 2OOOTMR f iring
system is based on the mtegratlon of four ma]or prmm- h
' p[es ' SR :

. F“mng zone stoschlometry control
“ 2. Pulverized coal fineness control

3. Initial combustion process control
4. Concentric firing
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= "gan result in high levels of CO and UBC. The TFS

s 2000™R system (Figure 3) controls the process of NOx

“formation and destruction in distinct regions of the fue-.
nate- by “staging” themtroductlon of air through flame -

- attachment coal nozzle tips and multipie levels of sepa— .

rated overfire air (SOFA) and close-coupled overiire air

- {CCOFA). The TFS 2000™R system thereby optimizes
1 “the entire stmchlometry history of the coal parttclqs fo
a3 mtntmtze NOx emlssmns - .

Electronic Filing - Rece]
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Multi-Level
‘Separated
Overfire Air

S—

1]

. Ctose-Coupted
Overfire Alr

- CFS™ Alr
Nozzle Tips -

. Pulverizer with
Dynamic Classifier.

Figure 3:. Schematlic Diagram of a TFS 20008 Firing Sysiem

Laboratory testing has indicated that there is an optimum
main firing zone stoichiometry for minimizing NOx emis-
Howaever, achieving this level of stoichiometry ~-

=  Pulverized coal fine ineness is. contro[led by use of.a a
Dynamic™ classifier. TheTotating classifier vanes more
+ - effectively prevent targer coal particles from exiting the

pulverizer, and this helps decrease the UBC levels in the

flyash. Finer coal particles can also enhance fuel-bound -
" nitrogen conversion and its subsequent reduction to |

molecular nitrogen under staged firing conditions by

.allowmg rapid ignition near the coal nozzle tip.

Flame attachment coa! nozz!e tips are mcorporated in
the TFS 2000™R system design to provide early fuel

Flame Attachment
Coal Nozzle Tips

devolatifization within an oxygen-deficient zone. With
conventional firing systems, coal is devolatilized in dn
oxygen-rich environment, and the fuel nitrogen released

. can readily react with the. available oxygen to.form nitro-
. gen oxide compounds. With the flame attachment coal

nozzle tip, rapid coal devolatilization is accomplished by

-establishing a flame front near the exit of the tip. The :

coal nozzle tip design is based on existing flame charac+’ .
teristics, coal constituents, and fuel line transport condi-

‘tions, Besides the NOx emissions control benefits,
. ,estabttshmg coal ignition early in the combustion process
‘improves flame stahility and minimizes ancreases in -

unbumed coal levels. -'

_':ABB'S patented CFg™ conc’entric ﬁrinQ system air
" nozzle tlps direct some of the secondary air in the main
- firing zone away from the fuel streams. Offsetting the air

‘decreases the local firing zone stou:htometry dunng the
mtttat combust:on stages :

Concentnc ﬁrxng also creates an oxtdtzmg en\nronment

" near the furnace waterwalls in and above the main firing

zone. This reduces ash deposition quantity and tenacity.
Increased oxygen levels along the waterwalis also
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* decreases the potentlal for corr
- coals havmg hxgh ccncentratlons
. metals ! '
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The specntlc eguipment components selected to acttieve -
© these elements of combustion will vary for dlfferent retrc-
fit installations, depending on the design and fhainte~. © .
nance condition of the installed equipment, and on the L
: constructabd:ty constra:nts at the site. -

TFS 2000 MR S YS TEM IMPLEMEN TA TION

_The retrofit eqmpment described befow for the fiefd

demonstration of TFS 2000™R technology at BHS
Unit 3 was installed in the Fall of 1993. The rnstaltat:cn

,comc;ded with a scheduled mamtenance outage for the.

turbine- generatcr The outage duration’ was 8.5 weeks

: Wmdbaxes :
-Because the existing main wmdboxes at BHS Unit3 -

" were in a deteriorated condition and the planned outage g

duration was short, the main windboxes were comptete!y
replaced with new, pre- -assembled units, Each new..

main wiridbox (Figure 4) contains-one bottor air com-
partment four elevations of air/oil compartments with
CFS™ aif nozzle tips above and below the oil guin tips, .

two elevations of CCOFA compartments, and five éleva- .

tions of coal compartments with flame attachment coal
nozzle tips. New tilt mechanisms were provided at the

compartments, re-using existing tilt drives. Secondary air -

flow to the windbox air registers is controlled by means
of louver dampers equipped with self-ubricating damper
beanng assemblles

Wlth ABB's flame attachment coal nozzle t|ps, the igni-
tion point of the coal occurs closer to the nozzle tip than
it does for conventional coal nozzle tips. The rapid fuel

. ignition. prcduces a stable volatile matter flame and mini- - -
'leES NOx prcducticn in the fuel rlch stream

. .The CFg™ alr nozzle tlps suppl;ed at BHS Unlt 3. are’

equipped with manually-adjustable horizontal' yaw mech-'
anisms. .The yaw adjustment is set so that a portion of

the secondary air is diracted away from the fuel streams

toward an 1magmary c:rcie that is ccncentnc with the .~
main firing circle. The yaw angle is set dunng commis-

~ sioning and is not changed dunng ncrma! cperat{on of

' the bo:ler

The CCOFA etevatlon air reglsters dtrect a pcrt;on cf the_ O
" i ‘measure$ air flow with an accuragy of +5 percent. It has

secondary air into the furnace at the top of the main -

windboxes. Each CCOFA compartment is ‘equipped with
.. ABB's patented horizontal yaw adjustment mechanism, -~
*The manual yaw adjustment enables each CCOFA air %
- jet to be mdependent[y d!rected for etfectave mtxmg |

new main windboxes. Each SOFA register contains
thres air compartments with adjustable horizontal yaw

__IZ/I,D(ZD_IS -

sulfur, iron, or alkali
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F'gure 4 Schematlc Diagram of TES 2000R Wlndbcxes
at BHS Unit- 3 . .

and vert:cal tilt mechanisms (Flgure 5). Dunng commis-
. sioning, the yaw angie is setto m:mmlze ‘carbon monox-
-ide and UBC emissions. This | is a.manual ad;ustment
‘ that is nct 1ntended to be vaned dunng cperatlon

. 'Tc measure the SOFA air f!ow. an annutar venturl

e (Flgure 6) was installed in each SOFA air supply duct.

"~ ABB's patented annular venturi design requires only -
* . about two-thirds the length of a standard venturj and

" a signal-to-noise ratio of approximately 10. Annular ven-
-turi are not requ:red components for a TFS EOOOTMH

: .system retroflt

o ‘ -Puivenzer Modifmaz‘ions
" Two new SOFA reglsters were added above each of the .

‘Pulverizer modifications to implement TFS ZOOOTMR
technology are also site-specific, and depend greatly on |
the condition of the existing putvenzera as well as the
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coal to be fired at - e retrofit. BHS Unit 3's five p’uli;e'r-
- izers were well-mZiifained and in good operating condi-
tion-prior to the retrefit. The pulverizers were upgraded
to permit operation at higher fineness levels without coal
.flow de-rating. The existing “spider” fan wheels were
replaced by new high efficiency fans (MEF) utilizing the
- existing exhauster casings.. In addition, the existing” ~
" 600-Hp pulverizer motors were replaced with new 700- ..
Hp motors. Figure 7 shows one of the new HEF wheels,

Figire 7:- New HEF Wheel in the Existing Exhauster Casing -

In each pulverizer, a new Dynamic™ classifier rep}a}ced
_ the existing static classifler.. The Dynamic™ c!E{ssmgr o
has a vaned rotor that is supported by two bearings. [tis.

" driven by a 40-Hp motor, and the speed of rotation’ls

- ¢ontrolled through an ac variable-speed controller.
Figure 8 is a photograph of one of the pulverizers during
the instaliation of the Dynamic™ classifier. The

' Dynamic™ classifier effectively eliminates large coal
particles (+50-mesh or +70-mesh) and minimizes the
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CatEd of ﬂEW Wr vail tubmg and were subgected o
ultrasonic thickricss measurement prior 1o installation,
 : Tubing thickness will be regularly monitored during

- future maintenance outages.” Figure 9 shows the
approxzmate !ocat:ons of th:s test equment o

N r A
135 Convective Section Thermocouples -
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Figure 9 Locations of Test Thermacouples and Test Panels

Control system inputs/outputs and logic were added for

operation of SOFA dampers and Dynamic™ classifiars,

and to expand the operational flexibility of all windbox

dampers. In addition, Ul elected to perform additional

back pass modifications, to upgrade the DCS control
system and to add continuous stack emissions monitors .
and stack elevator durifig the outage. These modifica-

‘ t;ons were’ not requlred for the new fmng system.

E Figure 8: New Dynamic™ Classifier During Installation
T . B ~ . .
Rix

— fraction of +100-mesh.coal narticies. It allows exten'sive_ .
operatlonal flexibility, and can be used to compensate -
for the effeéts of pulverizer wear, load changes and

L | Shengesinooalbypeorgindabiy. - © T kg o0ogTR SYSTEM PEHFOHWIANCE
e ST - EVALUATION .
: Addmona} Work : : : :
: " Pre-retrofit and post-retrofit field trials were conducted to ,
Pressure part replacements requmng four marn wzndbox evaluate the impact of the new des:gn on the boiler

t .
ube panels and four SOFA tube panels accgmpanied- emissions and thermal pen‘ormance The focus of the

the new windboxes and SOFA registers. Addltlonal
- field trials was to quantify the impact of the new firing
essure part modification t n ~ . -
Pr Ep ieations were made at BHS Unit3 1o .. system over the full operating range of the boler.

.eliminate mterferences wrth the SOFA register xnstaﬂa-
ton.— ' & S - “+ .. BOILER EMISSIONS PERFORMANCE.
. ‘The boiler emissions performance was characterized '
" through a series of parametric tests during which certain -
" operational parameters were varied in a systematic fash-
jon for several scenarxos of boiler load staged fmng, and
secondary alr biasing. : -

[n. o As part of the research and development pro;ect 39
. waterwall chordal therrnocouples and 135 convectwe o
" section thermocouples were installed to provide accurate
“and convenient measurements of the boiler's thermal .

* performance under load. In ‘addition, six waterwall test
e panels were installed to investigate industry concerns
regarding long-term waterwall tube wastage under sub-
stoichiometric firing conditions. These panels were fabri-

~ NOx Em:sslons : _
All NOx measurements in this paper were determined
via EPA Method 7E, using a chemiluminescent NOx

[
.
f -

{
(8]
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Flgure 10 shows the relatiénship o’r measured NOx
emissions from BHS Unit'3 to the calculated stonchlome-

. fry at the top coal elevation for both the pre-retrofit and
-post-retrofit configurations of the boiler. All measure-".

ments were taken at MCR. - The charactenstu: decrease

" in NOx émissions with decreqsmg stoichigrnetry is evi- -

dent. Pre-retrofit NOx testing with the use of CCOFA__

i showed NOx !evels in the range of 0.46 - 0. 58 lb

. NOx/'ID Btu
" 06 e
. ‘ A A
X Pre-Retrofit .“' '
: “ PR S
0.50 =~ . .
i . a a .
. Y
E
B gqol-
2
E : " Lo
= Post-Retrollt Testing K
-3 \ T e 2@
Z 030 e g ©
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' 0D e :
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. . ee - . Potential
. *  Minimum NOx
hJ

R[] e :
- Stoichiometry at Top Coal Elevation

Figure 10; NOx Enissions vs, Stoichiometry at MCR

.'Sixty-sb'( post-retrofit tests were conducted while varying
the coal fineness and the degree of staging and mixing.

along with a number of operating variables such as

‘excess air. Post-retroflt NOx emissions as low as
. 0.20 Ib NOx/108 Btu were achxeved WIth no mcrease in
. the UBC in the ﬂyash

: he two data pomts Iabeled "Potentxal Minimum NOx
(0.18 and 0.16 Ib NOx/106 Btu) represent short-term

’ ,(apprommately 3 hours) test results. These results were -
- achieved with carbon monoxide emissions less than 200
- ppm and only a two-percentage point increase in UBC

' “emissions over the pre-retrofitlevel. It is significant that

.. the potential minimum NOx: resulls were achieved at a -
" higher stoichiometry than many of the higher post-retrofrt _

testing results, demonstratmg that sfoxch:ometry is not

:u-the anly vanable affectmg NOx em:ss:ons

' The post—retroht test NOx emissxons as a functlon of bon!- .

or load are shown i in Figure 11. The secondary air *

" dampers and tilts were controlled to operate the boiler

with NOx emissioris on the order of 0.25 ib NOx/1 06 Btu
from MCR through contro load (CL), to minimum load,

with no increase in UBC in the flyash. Although it is typi-
cally expected that NOx levels will increase dramatically

iyed, Clerks Office :

» excess air, at B
. at minimum load ¢an be controlied to less than .

- Figure 11

e PLB 2014-077 * * *

cause of the required increase in
&23nit 3, the post-retrofit NOx emission

12/10/2013 - -

at tow boi

o 30 b/ 0‘5 Btu

F:gure 'I 2 compares the BHS Umt 3 post retroht testmg

for NOx emissions to other fow NOx retront resuits for

-, similar coals in tangentially-fired boﬂers The pre-retrofit

“average NOx emissions of 0.62 1b/105 Btufor 14 other
units firing Eastern bituminous coals is shown in the first

. (left) bar. ‘ABB C-E Services’ LNCFS™ firing systems
" were applied in these units.*
. LNCFS™ system field resuits reached a lower limit for

As shown in Figure 12, -

_NOx emigsions at an average of 0.36 Ib/108 Btu, The -

3 _ BHS Unit 3 field demonstration test results for NOx .

emissions are significantly lower. -

Carbon Monoxide Emissions : ‘
All carbon monozxide (CO) measurements reported in

. this paper are given in units of parts per million {ppm) of

038
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Figure 12: Comparison of ABB Fetrofit Resulis for NOx Emissions
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b 7 . the coal fineness achxevabie thh ihe

". gas dnd are corrected to 3%

' testprotocals used are in accdiiEnce WHh_ EPA e Dynamlcm c f,e,- is finer than with the static classifier.

p~ 7 Method 10. Pre-retrofit CO emissions were lessthan - - Pparticularly in terms of decreasing or etlmmatmg the -
o - * 50 ppm. During the post-retofit testing the SOFA yaw -largest +50 and +70-mesh particles. ‘Coal partictes in .'
angles were varied to demonstrate the variation of CO. . - these size ranges have significant impact on UBC.

n emissions with NOx. During the tests documented in° " Figure 13 compares the performance of the statlc classi-
1. Figure 10, at full load, CO levels of 44 ppmwere .~ . - fier and the Dynamic™ classifier at BHS Unit 3 with five
i " obtained at NOx emissions of 0.34 Ib/1 08 Btu;CO = .. pu!venzers each in service at 55 000 b coai/h o

emissions of 22 ppm occurred with NOx emtssnons of
- 0.24 IbA 08 Btu: and CO emissions of 178 ] ppm were R
found with NOx emissions of 0 16 1b/1 06 Btu. " -l 10—

e Opac:ty o ' : : S, B
- Opacity. measurements were taken wath the piant mstru-
mentation. At BHS Unit 3, the regulated opacity limit is
20%. The pre-retrofit opacity averaged less than 10%.:
During the post-retrofit testing, the opacity remained less
- than 10% for most tests, and below the regulated limit © - - »

under alf test conditions. Isokinetic sampling of the flue -
.gas entering the unit's electrostatic precipitator (ESP)

confirmed that there was no significant change inithe fly-

ash (dust) loading entering the ESP. ‘No sigriffi icant :
change in the mass ratio of flyash- to-bottom ash was - . 100
kobserved

Percent -

i :..:} RIS L FOE

AT e

. +5l:) _ Stalie {Max),

65 rpm
_Borpm .
80rpm - .

Rt R ol
e it al " P

BOILEH OPEHA TIONAL PERFORMANCE

. Diwing post-retrofit testing on the BHS Unit 3 hoiler, mul-
tiple aspects of boiler operation were investigated to
ensure that there were no adverse fmpacts on boiler
operation related to the changes in the firing system. 20

=

[-........_.-k
[T

Ash and Slag Deposition Palferns . D
A long-term change in the ash and slag deposition dunng
operation was noted. Post-retrofit ash deposition has
increased in the superheater sections closest to the fur-
nace outlet, the superheater division panels and super-
heater platen assemblies (Figure 2). ‘These ash deposits
are friable ‘and easily removed. No other significant

200

Figura 13: Comparison of Static and Dynamuc Classifier .
Fineness Results ~

Wit g

3-8 &F

v " changes in ash accumulation have been observed i inthe Pulverizer performance, has met expecta’uons thh the
conyeéctive sections of the hoiler, Slagging has ~* *. exception of a “rumble” condition that occurred during
" decreased on about one-third of the furnace wall, in the testing at high classifier rotation speeds. High fineness |
. dreas near the CFS™ air elevations. - Although the ash “rumble” can occur with either dynamic or static classi- -
. - .and slag deposition patterns have changed, they are *© . - figss on a high-fineness setting. High fineness "rumble”
E—% - - controliable with the exnstmg sootblowers and waii blow- ~ san mstabmty. leading to vibrations, that is caused by
S '-ers on the bmler = o - ' anincrease in recircufation of fine particles. At BHS Unit
. - . . . 3,the Dynamic™ classifier rotational speed is currently
.es . . Theboiler had no hxstory of watemralt corrosion before * limited to avoid high fineness “rumble”. A'studyisin
., 7 the retroftt, After approximately ten manths of post-retro- - - '.progress at the ABB Power Plant Laboratories Pulverizer’
L fit operation, no evidénce of acce!erated waterwail o Development Facility in Windsor, Conn,, to develgp a -
e .wastage has been observed. - ., . .. methodology for predlctmg/preventmg the onset of hlgh
Ei Caal Fmeness oo S . s flneness rumble _ e
e Calibration runs for the Dynamic™ ctasszfter with the "B" o Fumace Oxygen Imbalance -
2 pulverizer established the relationships among coal feed -~ T4 axygen concentration in ‘the flue gas was measured
L " rate, fineness, and classifier rotation speed. Generally, a at the economizer outlet in accordance with EPA Method -

higher classifier rpm produces greaterfmeness and pm ! ga Post-retrofit leﬂjnght oxygen imbalance is [ess than
can be decreased as coal feed rates are decreased. At or equal o the pre-retrofit performance.

i
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C Maxrmum Loca! Heat Absarptron Ftates o
- The peak waterwall heat ahsorptlon rates catcuiated
.-from readings with the cherdal thermocouples. installed in
_ the furnace walls were well below the design values and -
" confirm that the post~retroﬂt departure from nucleate L.
boiling (DNB) margin for the borler remams wrthm ABB o
- C- E design standards L

hiasied
etk

"_ BOILEH THER]

Electroni NEJI}LIEIJ FonM/EtE" ad, Elerk s I]ffu:E

Bc:!er Eﬁ’rcrency
The instaliation of the TFS ZOOOTMH fmng system d|d not

affect the boiler thermal efficiency (ASME Performance L
. Test Code 4,1). Pre-retrofit and post-retrofit boiler effi-" -
ciencies were calculated at MCR and at control load, and ..
" the effrcrency remained at 91,4 - 91.7 percent regard- '
i less of the NOx emlssrons tevel . S

Steam Temperature/Fiow Control

i All post-retrofit operation of the boiler confirms that the C
superheater and reheater design outlet steam tempera— .
tures can be maintained at loads from MCR through con-.

trof load. ‘In addrtron the superheater and reheater
design pressures “and mass flow rates are ma:nta:ned at

. alt loads from MCH through control load, -

Steam temperature controi is accomphshed through the
use of the adjustable tilts and the interstage desuper- ..
heaters.  The windbox tilts continue to operate wrthin
their normal range .o

- At both the maximum and potential minimum NOx emis-
" sions levels, the post-retrofit feheater desuperheater. -
spray water flows were about the same as the pre-retrofit.

levels. Thus, the implementation of TFS 2000™H tech-

‘nology does not adversely impact the unit’s heat rate.

Element Steam Temperaiure Imbalance :
Eight pre-retrofit tests and two post-retrofit tests were
analyzed. Twg of the pre-retroiit tests were for normal
operation, three were for operation with the top sec-
ondary air dampers closed, and three were for operation
with three tili posrtlons One post-retrofit test was con-
ducted with maximum SOFA and acceptable boiler oper-

‘ation, and the other was at the minimum NOx emission.

The (low temperature). superheater rear pendant outlet -

. steam temperatures, (high temperature} superheater fin- .

ishing pendant outlet temperatures, and the high temper-

! - ature reheater outlet temperatures were measured and,

Aanaiyzed ‘As compared to the initiat operation of the .
unit, firing oil, in 1968, there was no significant difference.
. - in the element steam temperature proftles caused by the .

TFS 2000™R system. . ;‘ RSOt

Vertrcal Heat Absorprron Profile -_ - S
The vertical heat absorpfion profile, as measured
through the. chordal waterwall thermocouples is similar

. slight shift in the f

" owards the upper furnace under potential minimum NOx .
- conditions. This shift did not adversely aﬁ‘ect borler

121079015 - ==~ PLR 2014-072 % = *

under all post-retyf”hperating conditions. Theteis a-
(e veriical heat absorpt:on profile

waterwali crrculatron

UBC AS A FUNCT!ON OF NOX EE\MSS!ONS
S!gnrftcant increases in UBC |evels in the ﬂyash have’
‘been documented for boilers retrofrtted with earller low
NOXx firing systems.4 Pre-retrofit UBC levels at BHS

~ Unit 3 were in‘the range of 5.8 - 8.0 percent carbon.” For . .

a tangentially-fired bofler with an Eastern bttumznous
coal, this range Is about average. x

g The-flyash samples for both the pre-retrofit and post- - S
retrofit UBC results were obtained in accordance with-

EPA Method 17. Carbon content was’ determlned darect-,

' ly, not by loss of ignition (LOI).

UBC levels for post—retrot” it operation at BHS Unrt S.Vnth

 three ditferent fineness levels are given in Figure 14. For

this comparison, boiler load was held constant at MCH
The trend of increasing UBC with decreasrng NOx emis--
sions is evident for the three post-retrofit data sets. The
trends also illustrate that UBC control is dependent upon-
the particle size of the coal,” NOx emissicns as low as -

. 0.20 1bA 0% Btu were obtained with no inérease above

pre-retrofit levels of UBC in the flyash. .

14
12
gor 3}
B \ o] HCoarse {65 ram) L Pre-Ralrafil {Static}
5 8 > @ o b
T N o n ’
P Faglo oo \ |
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'g " . @ al T D .
-9 ahe . Flna {90 rpm}
:'-2 n
. SR 1 1 o
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o " NOZ (IHe' B

. - Figlre 14: UBC in Fiyash vs, NOx Emissions at MCR

B COMMEHCEAL OPERAT!NG EXPERIENCE

The unit has been operating commercially, post-retroﬁt
firing doal for about ten months. The unit éperates under

- load dlspatch at MCR on weekdays from about 8:00 am
* 10 11:00 pm. At night and on weekends, the unit, Ioad is

decreased to as low as 140 MW, Operators report o

: sngnrflcant operational problems, and no indication of °

actelerated waterwall wastage or corrosion has been
observed.
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‘ C@NCLUSE@NS ;
‘United Hlummatmg and ABB C-E Services consider the’ e

- " “retrofit of Bridgeport Harbor Station's Unit 3 to be a com-
 mercially and technically successful full-scale demon-
- -stration of TFS 2000™R technology. The boilef thermal
"* perfarmance and efficiency are unchanged fromthe -
. pre-retrofit conditions. Although the slagging/fouling pat-
* tems have changed slightly from pre-retroflt the existing

sootblowers and wall b!owers are capable of controlhng

_ them

) Dunng test:ng‘ the bo;fer consmtentlg demonstrated NOx
. emissions on the order of 0.25 [b/10

- load range, with no increase in unbumned carbon in the _
flyash. The lowest NOx emissions measured for this bos§~-, .

" er during post-retrofit parametric testing is 0.16 ib/108

Btu. The potential for long-term eperation of the boiler at .

Btu over the entire

this level-has not been thoroughly investigated. in
approximately ten months of commercial operation, oper-

- ation of the boiler with the TFS 2000™R technology has.

caused no s:gmflcant adverse impact on boiler operation
or ava;labmty : .
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ILLINOIS ENVIRONMENTAL PROTECTION AGENCY

P.O. Box 19506, SPRINGFIELD, ILLINGIS 62794-9506
THOMAS V. SKINNER, DIRECTOR

217/1782-2113

CONSTRUCTION PERMIT

PERMITTEE

Midwest Generation EME, LLC/Jeliet Station 29

Attn:

Ron Baker/Plant Manager

1800 Channahon Road
Joliet, Illinois 60436

Application No.: 00060099 I.D. No.: 1978B09%AAR0
Applicant's Designation: JOLBLOWNOX Date Received: June 15, 2000

Subject: Low NO, Burners Installation, Unit 8 Boiler B81-82
Date Issued: August 31, 2000
Location: Joliet Statior, 1800 Channahon Reoad, Joliet, Will County

Permit is hereby granted to the above-designated Permittee to CONSTRUCT
emission source{s) and/or air pollution control equipment consisting of low
nitrogen oxides (MO,) burners for Unit 8 Boiler 81 and 82, at Joliet
electrical generating station as described in the above-referenced
application. This Permit is subject to standard conditions attached hereto
and the following special condition(s}:

la.

z2a.

This permit is issued based on installation of low NO, burners being a
pollution control projects whose principle purpose is to reduce
emissions of nitrogen oxides (NOQ,}.

This permit does not relax or otherwise revise any requirements and
conditions that apply to the operation of the existing steam generating
unit (Unit 8 Boiler 81 and 82}, including applicable monitoring,
testing, recordkeeping, and reporting requirements pursuant to federal
Acid Rain Program.

The Permittee shall submit a semi-annual report describing the project
status until such time as the Permittee notifies the Illinois EPA that
the project has successfully demonstrated reliable operation. This
report shall be sent to the following addresses:

Illinois Environmental Protection Agency
Division of Air Pollution Control - Regional Office

9511 West Harrison
Des Plaines, Illinois 60016

Telephone: 847/294-4000 Facsimile: 847/294-4018

Illinois Environmental Protection Agency
Division of Air Pollution Control
Compliance Section (#40)

P.O. Box 19276
Springfield, Illinois 67294-5276

Telephone: 217/782-5811 Facsimile: 217/524-4710

GEORGE H. Ryan, GOVERNOR

Prinirn ON RICACTED Parer
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b. The Permittee shall notify the Illinois EPA when the low-NO, burners
improvements begin initial operation.

c. Within one year of the initial startup of the unit with the low-NO,
burners improvements, the Permittee shall submit a performance report
to the Illinois EPA discussing the effects on NO, emissions from the
steam generating unit and any effects on emissions of other pollutants,
such as carbon monoxide and particulate matter, and any effects on
boilers efficiency or capacity.

d. The boilers may be operated with the low-NO, burners, pursuant to this
construction permit until either the existing operating permit is
reissued to address these burners or a CRAPP permit is issued for the
source.

3a. The Illinois EPA has determined that this project, as described in the
application, will not constitute a modification of Unit 8 Boiler 81 and
82 under the federal New Source Performance Standards, 40 CFR 60
because the project has the primary function of reducing air pollutants
and therefore is not considered a modification pursuant to 40 CFR

60.14 (e} (5} .

b. The Illinois EPA has determined that this project, as described in the
application, will not constitute a modification for Unit B Boiler 81
and 82 under the federal Prevention of Significant Deterioration of Air
Quality (PSD) rules because it is a pollution contrel project and
therefore is not considered a modification pursuant to 40 CFR
52.21(b) (2} {iii) (h} and (b) (32}.

Please note that additional rules addressing NO, emissions from these boilers

may be adopted in the near future in response to USEPA's so called “NO, SIP
call” and the development of Illinois’ plan for attainment of the ozone air
guality standard in the Chicago and Metro-East ozone nonattainment areas.

If you have any guestions concerning this permit, please call Youra Benofamil
at 217/782-2113.

Dppadt Z. St L

Donald E. Sutton, P.E.

Manager, Permit Section

Division of Air Pollution Control
DES:YB:jar

cc: Region 1
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Memorandum

Technical Recommendation for Tax Certification Approval

Date: August 12, 2008

|

To: Robb Layman.,/?'
From: Ed Bakowski

Subject: Midwest Generation, LLC. TC-08-04-25N

This Agency received a request on April 25, 2008 from Midwest Generation, LLC. for an lllinois EPA
recommendation regarding tax certification of air pollution control facilities pursuant to 35 lll. Adm. Code
125.204. | offer the following recommendation.

The air pollution control facilities in this request include the following:

Low NOx Burner System with Separated Over-Fire Air System which reduces
NOx emissions by staging or delaying the mixing of coal and air to limit oxygen
availability during the initial stages of combustion . Because the primary purpose of this
system is to reduce or eliminate air pollution, it is certified as a pollution control facility.

This facility is located at 1800 Channahon Road, Joliet, Will County
The property identification number is 07-19-400-016-9002

Based on the information included in this submittal, it is my engineering Judgement that
the proposed facility may be considered “Pollution Control Facilities” under 35 IAC
125.200(a), with the primary purpose of eliminating, preventing, or reducing air pollution,
or as otherwise provided in this section, and therefore eligible for tax certification from
the lllinois Pollution Control Board. Therefore, it is my recommendation that the Board
issue the reguested tax Certification for this facility.
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