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Department of
Environmental Protection

Twin Towers Office Building
Lawton Chiles 2600 Biair Stone Road Virginia B. Wetherell
Governor Taliahassee, Florida 32399-2400 Secretary

October 16, 1996

CERTIFIED MAIL - RETURN RECEIPT REQUESTED

Mr. Scott Quaas
Environmental Manager
Tarmac America, Inc.

455 Fairway Drive

Deerfield Beach, Florida 33441

RE: NOx Eimissions - Tarmac Kiln No. 2
Dear Mr. Quaas;
This concerns the investigative effort begun by Tarmac over one year ago to determine the reasons

for high NOx emissions from Kiln No. 2 and whai ¢an be done about themn, KBN's letter of May 28,
1996 stated that Tannac would conduct tests on a modified coal burner around June 1 and report the
results to us within 60 days of test completion. Afier four months, we have not received any test results.

At some point, the problem will have to be solved by Tarmac or the Deparument will have to take
appropriale action to enforce the existing permit limits. We believe that point should be fast

approaching, with the matter being finally resotved one way or the other by the end of this year,

Please give us your immediate assessment of whether the approach currently underway will result in
the current NOy, limits being met by early 1997,

If there are any questions regarding the above, please contact John Reynolds or myself at (304)488-

! 1344.
Sincerely,
{_/( l\.’/="—/"/j }/
A. A. Linero, P.E.
Administrator
New Source Review Section
AAL/IR

¢: Pat Comer, DEP
Tom Titde, SED
Ewart Andersou, DCDERM
Bnan Beals, EPA
David Buff, KBN

“Frorect, Canserve and Manage Flonda’s Envirenment and Naiural Resources”

Printed on rerycled paper



- RECEIVED
JUN 5 1996

June 4, 1996

BUREAU OF
Mr. A. A. Linero, Administrator AIR REGULATlON
New Source Review Section
Florida Department of Environmental Protection
2600 Blair Stone Road
Tallahassee, FI 32399-2400

Re: Investigation of NO, Emissions
Tarmac Florida, Kiln No. 2

Dear Mr. Linero:

In KBN's letter dated May 28, to you concerning the above referenced subject, Table A and Kiln 2 NO, data
from 1980 were inadvertently omitted. These are attached for your review. Please call if you have any
questions concerning this information.

Sincerely,

Owrd a: b

David A. Buff, P.E.
Principal Engineer
Florida P.E. #19011 - SEAL

DB/arz
cc: Al Townsend ’ -

Scott Quass
Jim Alves

e 4 TRenldo |, AR

9651002472
624! Norhwest 23ra Streel 5405 West Cypress Shieet 1801 Clint Moore Road 7785 Baymeadows way lala P Steet NwW
Surte 500 Suite 215 Suite 105 Sule 105 Surto 350
Gaingsvilie, Flerida 32653-1500 Tampa. Flofida 33607 Boca Raton, Flonda 33487 Jocksonville, Flondg 32256 washington. DC 20034

352336 600 FAX 352-326-8600 813 287-1717 FAX 813-287-1718 407-004-9910 FAX 407-994-9393 904-739 5600 FAX Q04-739-2277 202-462-1100 FAX 202-462-2270
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TABLE T-2

MIAMI STACK EMISSION SURVEY
NOX EMISSION RATE - EPA VETHOD 7

1980
Sample Kiln Fuel Date Lbs. NDZ Lbs. NOZ Lbs. NOZ *
No. ' No. Type 1980 . Hr. ~ Ton Clnk. LB.F.Gas PPM
1 2 Gas 3-20 211.5 9.95 9.45 435
2 2 Gas . 3-20 109.1 5.13 4.88 224 ]
3 2 Gas 3-20 107 .4 5.08 4.80 221 !
4 2 Gas 3-20 101.8 4.79 4,55 209 {
5 2 Gas 3-20 96,7 4.55 4.32 199 '
6 2 Gas 3-20 95.4 4,49 4.26 196
7 2 Gas 3-20 1.2 4,29 4. 08 188
8 2 Gas 3-20 37.1 2.69 2.55 117
9 2 Gas 3-20 86.5 4.07 3.87 178
10 2 Gas 3-20 89.1 4.19 1.98 183
11 2 Gas 3-20 1245 5.86 5.56 256
12 2 Gas 3-20 35,6 1.68 1.59 73
AVE. 100.5 4,73 - 4,49 207
2 1 2 0il 3-21 148.0 5.92 7.64 353
e 2 2 2 0il 3-21 125.8 5.03 6.50 300
L 2 3 2 0il 3-21 147.7 5.91 7.63 352
R T 2 4 2 0il 3-21 140.8 5.63 7.27 338
' ; 2 5 2 0il 3-21 143.7 575 7.42 343
i ; 2 6 2 0il 3-21 267.6 10.70 13.82 638
2 7 2 0il 3-21 252.6 10.10 13.05 602
2 8 2 0il 3-21 114.1 4.56 5.89 272
2 9 2 0il 3-21 81.4 3.26 4.20 194
2 16 2 0il 3-21 141.3 5.65 7.30 137
2 11 2 oil 3-21 217.8 5.71 11.25 519
2 12 2 oil 3-21 233.5 5.34 12.00 557
SEL 167.9 6.71 8.66 400




KILNZSU

513196
Table A. Summary of SO2/NOx Emissions From Kiln No. 2, Tarmac Flonda
Heat Sulfur Dioxide Emissions Nitrogen Dioxide Emissions Oxygen Level (%) Stack Flow
Kiln Feed Clinker Coal Usage Input {a) Coal ppm  ib/hr Ib/MMBtu Ibton  Ibfton ppm Ib/hr  Ib/MMBtu Ibton  Ibiton Stack acfm dscfm
Date  Run# (TPH) (TPH) (TPH)  (MMBtuhr} Sulfur % kiln feed  chinker kiln feed  chnker

04/26/94 1 39.68 2408 458 114 50 186 063 037 0.003 0039 0015 1,187 450 393 1137 1869 86415 53855
04/26/94 2 3058 2408 458 114 50 1.86 061 0236 0.003 0009 0015 1,092 427 373 179 17.73 81,144 59,855
04/26/94 3 39.58 2408 4.58 114.50 1.86 061 035 0.003 0.009 0.015 1,117 422 3.69 1066 17.52 86,816  §7.827
06/28/94 1 3833 236 533 133.25 175 5418 3233 0243 0843 1370 610 255 191 665 1081 93138 59875
06/28/94 2 38.33 236 533 13325 175 108.2 6276 0471 1637 2659 669 281 2N 733 1191 90,738 58,286
06/28/94 3 3833 236 533 133 25 175 88 07 51.46 0.386 1.343 2.181 655 282 212 738 11.95 92,633 58,842
06/28/94 4 38 46 240 541 135.25 175 787 332 245 863 1383 58,937
06/28/94 5 38.46 240 5.41 135.25 175 579 246 1.82 640 1025 59,280
18131194 1 3z.8 193 4.90 122.50 085 991 503 0041 0153 ({2861 648 237 1.93 723 1228 94 78,548 50,967
06/31/94 2 32.8 19.3 490 122.50 085 2080 1088 0 088 0332 0564 514 195 159 595 1010 94 80,268 51,988
08/31/94 3 328 193 4.90 122.50 085 1500 778 0063 0237 0402 488 182 149 555 943 94 78,548 50,967
10127194 1 389 247 510 127 50 076 439 256 0020 0066 0104 754 316 2.48 812 1279 972 115,146 58 456
10128194 3 39.8 261 550 137 50 076 343 196 0014 0049 0075 809 333 2.42 837 1276 976 115912 57,531
10/28/94 4 39.8 261 550 137.50 076 3052 1675 0122 0421 0642 544 215 1.56 5.40 8.24 928 113,480 55,094
01/03/95 1 40.5 25.0 475 118.75 o8as 161 0892 0008 0023 €037 618 255 215 829 1019 10.3 91,761 57,583
G1/03/95 2 40.5 25.0 475 118 75 0as 126 0.7 0006 ¢.017  0.028 988 338 335 984 1593 103 88,956 56,308
01103195 3 40.5 250 475 118 75 oase 123 007 0001 ¢o02 ©003 883 354 298 874 1416 9.76 89,204 56002
0531195 1 385 24.0 530 13250 ae7 423 0032 0110 ©.176 923 347 262 901 14.45 107 105,561 52,186
0531195 2 85 24.0 529 132 25 0.67 726 Q055 0.189  0.303 883 332 251 862 13.84 1.1 105918 51.013
05/31/95 3 385 240 529 13225 0.67 181 0014 0047 0075 821 322 243 835 1340 112 107,367 53,963
12/11/95 1 3540 208 510 127 50 151 091 0 007 0026 0044 728 308 242 880 14.81 10 113178 59,063
12111195 2 350 208 510 127 50 153 091 0 007 0026 0044 824 355 2.78 10.14  17.07 13 120.039 60,164
12111/95 3 350 208 510 127 50 poc 000 0 000 cooo Qo000 1.044 448 Iin 1280 2154 109 118,322 59,898
Minimum = 000 000 0 000 gooe 0000 488 182 149 5.40 B24 928 78,548 50,967

Average= 1907 997 0076 0264 0429 790 317 252 837 1364 1023 98,246 56,684

Maximum = 10816 6276 0471 1637 2659 1187 450 393 12.80 2154 1130 120,039 60,164

{A) Assumes 12,500 Btu/lb coal
NA = Naot available
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A GODED ASSOCIATES COMPALTY

May 28, 1996

Mr. A. A. Linero, Administrator
New Source Review Section RE C E ﬁVED
Florida Department of Environmental Protection
2600 Blair Stone Road MAY 30 1998
Tailahassee, FL 32399-2400
BUREAU OF

Re: Investigation of NO, Emissions AIR REGULATION

Tarmac Florida, Kiln No. 2

Dear Mr. Linero:

As you are aware, Tarmac Florida, Inc., is in the process of investigating the high NO, emissions being
experienced from Kiln 2, and potential methods to reduce the emissions. KBN has been contracted by Tarmac
to assist them in this manner. The thrust of our efforts has been toward discovering the reasons for the high
emissions, and what can be done to reduce the emissions.

This letter presents a status report to the Department, which presents the results of our efforts to date. In
addition, additional time is requested in order to perform stack testing to determine if NO, reduction measures
implemented by Tarmac can result in achieving the permitted NO, limit, or to what extent they can reduce
emissions.

Kiln No. 3 Emissions and Basis for Original BACT

The Department has requested that Tarmac investigate why the NO, emissions from Kiln No. 2 exceed the
BACT limit, and why they are so much higher than Kiln No. 3, which was the basis for the BACT.
Therefore, a review of the permitting history of the Kiln No. 2 coal conversion PSD permit is in order.

In the original PSD permit application for the Kiln No. 2 coal conversion, Tarmac proposed BACT levels of
400 Ib/hr for SO, (16 Ib/ton clinker) and 169.3 Ib/hr for NO, (6.77 Ib/ton clinker} as starting points for the
BACT evaluation. This starting point for NO, was based on the permitted emission limit for Kiln No. 3, which
experience had shown was achievable in Kiln No. 3, as well as a limited set of test data from Kiln No. 2 in
1980 when burning fuel oil and gas (see attached data).

It is also important to note that the proposed BACT control technology was good combustion practices and the
inherent SO, removal within the kiln system. Due to concerns over the nearby PSD Class I area (Everglades
National Park), SO, emissions were considered to be of much more importance at the time. Subsequently,

EPA agreed that BACT for NO, was good operating and maintenance procedures to minimize NO, emissions.

In addition, Tarmac proposed and strongly argued that a comprehensive test program be conducted prior to
setting any final emission limits for the kiln. This was due to the uncertainty in emissions from Kiln No. 2
versus Kiln No. 3 (due to different size of the kilns and different firing types). Tarmac alluded to a similar
experience with Kiln No. 3 when it was converted to coal. An emission limit was agreed to without any test
data, and the limit proved to be unattainable. Therefore, the Kiln No. 3 emission limits were revised. Tarmac
did not want to make this same mistake again. Tarmac’s commitment was to minimize SO, emissions to the
extent possible, again due to the Class I area concerns. EPA approved the testing plan as a mechanism to set

9651002471
6241 Northwest 23rd Sireet 5405 West Cypress Stree? 1801 Clint Mooie Road 7785 Baymeadows Way 1616 P Streel NW
Suire 500 Suite 215 Suite 105 Suite 105 Suite 350
Ganesville. Flanda 32453-1500 Tampa. Flonda 33607 Boca Roton. Florida 33487 Jacksonwlle. Flonda 32256 Washington. DC 20034

3562-336-5600 FAX 352-136-00603 813-287-1717 FAX 813-287-1716 407-994-9910 FAX 407-994-93093 904-739-5600 FAX Q04-739-7777 202-462- 1100 FAX 202-462-2270
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the BACT limit for SO, in January 1990. The BACT limit for NQ, was also to be set through the testing
program.

The actual test data from Kiln No. 2 shows that the original commitment of minimizing SO, emissions to the
extent practical has been achieved beyond all expectations. The actual SO, emissions are well below the
allowable BACT limit. However, as will be discussed in this report, the low SO, emissions in effect cause the
conversely high NO, emissions.

Kiln No. 2 NO, Emissions

In Tarmac’s February 1996 submittal to the Department, a summary of NO, test data for Kiln No. 2 as well as
other wet process kilns in the U.S. were presented. There was an error presented in Table 1 of this submittal
regarding Tarmac’s NO, emissions (emissions were presented in terms of 1b/ton kiln feed rather than Ib/ton
clinker). Therefore, this table is resubmitted (attached).

A complete surnmary of the SO, and NO, data obtained to date for Kiln No. 2 is presented in Table A attached.
As shown, the SO, emissions have been very low, while the NQ, emissions have been high compared to the
permitted emission rates. The reasons for this have not been fully determined at this time, but according to
plant kiln operators, the SO, and NO, emissions are primarily related to the oxygen level in the kiln. They
state that as the oxygen level in the kiln increases, SO, emissions decrease while NO, emissions increase. This
trend has also been evident on Kiln No. 3. Therefore, KBN is currently analyzing the available test data for
Kiln No. 2 to determine if a correlation exists between these parameters.

During the stack tests on Kiln No. 2, oxygen level at the stack is measured. However, this measurement is
affected by infiltration of ambient air into the system and is not reflective of conditions in the kiln. Therefore,
oxygen levels in the kiln itself are needed. Tarmac maintains a kiln oxygen monitor on Kiln No. 2, and data
from this monitor is archived on-site at the plant. KBN is in the process of retrieving these data, but this is a
slow process, since the data are contained on strip charts. Once the data is obtained, correlation plots of
oXxygen versus emissions will be developed.

Based on the information gathered to date for Kiln No. 2, the reasons for the high NO, emissions can be
summarized as follows:

1. Kiln No. 2 operates at a kiln oxygen level normally in the range of 2 to 2.5 percent. By comparison,
Kiln No. 3 normally operates at an oxygen level of approximately 1.0 percent.

2. Kiln No. 3 is an indirect fired kiln, meaning that the coal fuel and the primary combustion air are
delivered to the kiln separately. This allows more control over the combustion air, allowing the
combustion air to be varied to obtain optimum combustion conditions and flame characteristics. The
air associated with the coal burner normally is not varied. In a wet process cement kiln, the flame
characteristics (flame length and intensity) are critical to clinker production.

In contrast, Kiln No. 2 is a direct fired kiln, which means that the primary combustion air is delivered

to the kiln through the coal feed system. In such a system, the amount of combustion air cannot be
reduced or varied, because the air velocity through the burner is critical to the flame characteristics.

96510024/1
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3. This difference in the two kilns is reflected in the gas flow rates from the kilns. Kiln No. 2, with a
maximum clinker production rate of 25 TPH, has a exhaust gas flow rate of 50,000 to 60,000 dscfm.
This equates to 120,000 to 144,000 dscfm per ton of clinker produced. Kiln No. 3 normally operates
at 87.5 TPH clinker with exhaust gas flow of 140,000 to 160,000 dscfm. This equates to 96,000 to
99,000 dscfm per ton of clinker produced. Therefore, Kiln No. 2 requires approximately 25 percent
to 45 percent more air to operate than Kiln No. 3. This in turn results in a higher oxygen level in the
kiln, and hence higher NO, emissions but lower SO, emissions compared to Kiln No. 3.

Measures to Reduce NO, Emissions in Kiln No. 2

Based on the above discussion, Tarmac is focusing on reducing the amount of combustion air to the kiln as the
only feasible means of lowering NO, emissions. To this end, Tarmac recently installed a modified coal burner
on Kiln No. 2 during a recent outage in April. The previous coal burner had a 13 inch nozzle, while the new
burner will have a 10 inch nozzle. The intention in reducing the nozzle diameter is to reduce the amount of
primary air introduced through the coal burner, while maintaining the velocity through the burner obtained by
the previous burner design, thus maintaining the previous flame characteristics. The test will also be used to
determine the effects of the changes upon the grindability of the clinker product. As discussed above, proper
clinker production is dependent upon the flame characteristics.

Tarmac is planning on conducting stack testing on Kiln No. 2 with the new burner in late May or early June.
This test will assess the effectiveness and potential in reducing NO, emissions from Kiln No. 2. The
Department wili be notified prior to the testing as to the exact test dates. Upon completion of the testing, the
test data will be analyzed and submitted to the Department. This analysis, along with analysis of the historic
test data as described above, will be submitted to the Department within 60 days of completing the testing.

The current construction permit for Kiln No. 2 has an expiration date of May 31, 1996. However, since
Tarmac is a Title V source, it is our understanding that this construction permit is automatically extended to the
later of November 1, 1996, or 240 days after commencing operation, per Rule 62-213.420(1)(a)4.

Please call if you have any questions concerning this information or the attached report.

Sincerely,

David A. Buff, P.E.

Principal Engineer ' .
Florida P.E. #19011 SEAL

. >
DB/arz CCeL S {ane PJDJD/\LL‘.QCiO, B
cc: Al Townsend ?

Scott Quass : PP\’
Jim Alves A P_5

File (2)

9651002A/1
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5/268/96
Table 1 Summary of Nitrogen Oxide Emissions from Coal-Fired Wet Process Cement Kilns (Revised 5/28/96)
Na. of Clinker NOx Emissions
Type of Source Tests Hest Input Production
Source of Emssion Factor Fuel Firing or Reference Rate Rate Ibhr Ib/MMBtu Ibton clinker
CEM [Data {Ib/MMBtu) {tons/hr) Average Range Average Range Average Range
Tarmac Kiln 2 NOx Limit Coal  Direct 1 1 1625 25 - 113 8, max - 070. max - 455 max
Tarmac Kiln 3 NOx Limit Coal  Indirect 1 1 41715 88 - 592, max - 142, max - 6 77, max
Tarmac Source Tests No 2 Kin, 1994 and 1995 Coal Ditect 6 2 115-138 19-26 3088 205 - 417 250 17-38 131 82-187
Tarmac Source Tests No 3 Kiln, 1982 thru 1993 Coal Indrect 16 3 360-473 79-92 5330 218 - 855 1.34 07-21 62 35-68
Rinker Source Tests 2 Kilns Coal Drrect 3 4 3524 4 11823  883.14)1 3.36 25-41 16.6 123.201
1882 PCA Survey of Coal-fired Wet Process Cement Kilns (b} Coal 8 5 - - - - - - 50 17-83
Continental Cement Company June 20, 1990 Coal  Dwect 1 6 4750 (a) 570 67186 - 141 - .
Holnam, Inc CEM Data: July 16, 1992 Coal Oirect 1 7 - - - - - - 1250 -
Holnam, Inc Source Test: October 24, 1991 Coal Direct 1 8 - - - - 580 -
Lemgh Portland Cement Company Source Test May 22, 1990 Coal Direct 1 [¢] 1625 - 112 590 -
AVERAGE 6739 1.9 9.3
RANGE (309 - 1,182) 11 - 34) (5.0 - 16.6)
Footnotes

{a) Heat Input (Bluty) 13 based on buming 100% coal, and any supplermental fusl iy added of s rate of 50% of the cosl By bad {i & 50% cosl Bruty, 50% harardours wasle Btwhr)

{b) Emissons are based on a study of 8 wet process cemenl fains fiing 100% cosl

Refererces
1 From Permat ABowsbies for Kiln 2 (AC13-169901 PSD-FL-142), and for Kin 3

2. Termac Source Tests - No 2 Xiin' Apnl 26-27. 1994, Juna 28-29 1994, August 11, 1994, October 27-28, 1934, Janumry 3, 1995, and May 31, 1995, Meday, Fiorde

3 Tarmac Source Tests - No 3 Kiin, Apdl snd Mey 1582, May 16, 24, 31, and August 1385, December 1985, April and December 1987, July and Augus! 1988, May and August 1589, October 1990, August 1992, and Septermber 1993, Medey, Fiorida

4 Rirker Malenass Corporation Souce Tests  Jarumry 1953 Dade Courty, Floride  Fred with 100% Coal.

5 "An Orverview of the Formetion of SOx and NOx In Various Pyroprocessing Sysiems™ by Peler Bechioft Nictsen & Ove Lars Jepsen, F L Smdn & Co A/S, Coperdmgen. Deavnirk Figue 8 1
6 “Emipuorm Testing of n Wet Cement Kiln ot Hannbal, Missoun  Draft Final Report = EPA-530-SW.91.017. Continendel Cement Comparty Source Tesl  June 20. 1990, Harrubad, Missowrt  Fired with 100% Coal
7 ‘Apernative Conirol Technigues Document-NCOx Emissioms from Cement Manufacluring = EPA-45VR-54-004 Holmam, Inc CEM Data July 16 1992 Aftesia, Mississippl  Fired with 100% Coal

8 “Abermatroe Conirol Tectriques Document-NCt Emisyons from Cement Manufactunng * EPA-43VR-54-004 Holnam Inc. Source Test. October 24, 1991, Florence, Colorado  Fired with 100% Coal
9 “Alermwtree Control Techinques Document-NOx Ermysons fram Cemient Marnufactuing * EPA-I5MR-94-004 Lehigh Portand Cement Company Soute Test. May 22, 1990, Cementon, New York  Fued with 100% Coal



February 16, 1996 REC EIiVED

Mr. A.A. Linero, Administrator

New Source Review Section reg 1y 1996
Florida pepanment of Environmental Protection BUREAU OF
2600 Blair Stone Road AIR REGULATION

Tallahassee, FI 32399-2400

Re: Investigation of NO, Emissions
Tarmac Florida, Kiln No. 2

Dear Mr. Linero:

The attached report presents the results of a literature search and survey conducted by KBN Engineering and
Applied Sciences, Inc. (KBN) on behalf of Tarmac Florida, Inc. This report is the result of work efforts on
Task 1 as described in an October 3, 1995, letter from Jim Alves of Hopping, Green, Sams & Smith to the
Department. It is part of Tarmac’s ongoing investigation into the high NO, emissions being experienced
from Kiln 2, and potential methods to reduce the emissions.

This report has been delayed from the originally intended date due to a number of reasons, including the
Christmas holidays, the EPA shutdown in December and early January, and staff vacations and emergency
leave. The report presents a summary of the data gathered by KBN to date. Our data gathering and research
efforts on this subject are continuing.

Please call if you have any questions concerning this information or the attached report.

Sincerely,

Quod G Bolf-

David A. Buff, P.E.
Principal Engineer

DAB/Icb
cc: Al Townsend

Scott Quass

Jim Alves

File (2)

KBN ENGINEERING AND APPLIED SCIENCES, INC.
96510028/R1/01
6241 Northwest 23rd Street 5405 West Cypriess Siteel 1801 Cint Muore Ruad, Suite 105 T7B5 Bavmizanows Wav 1615 P Sucel W, Suile 350
Suite 500 St 719 Coca Raton Flondo 33487 Suite 105 Washingten DC 20036
Ganeswille. Flonga 32653 1500 Tampa, Fluoda 33007 407 9933910 Jacksonvile, Flonca 32255 202 462 1100
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TARMAC FLORIDA, INC,
DEERFIELD BEACH, FL

NITROGEN OXIDE EMISSIONS AND REDUCTION
FROM
WET PROCESS CEMENT KILNS

LITERATURE SEARCH

KBN Engineering and Applied Sciences, Inc. (KBN) performed an extensive literature search to
determine available information on reducing nitrogen oxide (NO,) emissions from wet process
cement. The following sources were contacted to obtain emissions information:

¢  U.S. Environmental Protection Agency (EPA) Research Triangle Park

*  Best Available Control Technology/Lowest Achievable Emission Rate (BACT/LAER)

Clearinghouse

*  State of California

*  Portland Cement Association

*  Air Pollutant Control Equipment Vendors

*  Suppliers of Coal Burners

®  Current Operators of Wet Process Cement Kilns

Refer to the tables in Attachment A for a detailed listing of all sources contacted and the results of
each contact. The literature review and information survey focused on actual NO, emissions from
wet process cement Kilns, and control techniques employed to reduce NO, emissions. It is noted
that the literature search is ongoing, and additional information is expected to be obtained in the

near future.

FACTORS WHICH AFFECT NO, EMISSIONS

The literature review yielded several pertinent articles related to the formation of NO, emissions
in wet process cement kilns and the factors which affect these emissions. For iong, wet kilns
which fire only coal, such as Tarmac Kiln 2, the following factors were identified:
I. In wet process kilns firing coal only, the single fue! combustion zone and high
temperature required to complete the clinker formation process (2,750°F) lead to high

thermal NO, formation. The major factors are combustion zone temperature,
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residence time of combustion gases at the high temperature, the oxygen level in the
kiln, and ratio of primary combustion air to secondary air.

Energy efficiency of the process is a factor, since a higher heat input requires higher
combustion air amounts, leads to higher temperatures, etc.

Gas-fired NO, emissions are generally higher than coal-fired emissions, due to a
shorter, more intense flame associated with gas firing (other factors being equal).
Direct firing is the term used when the primary combustion air is the air swept
through the coal mill to deliver the coal to the burner. In indirect firing, the primary
combustion air is supplied to the kiln independent of the coal supply. Thus, in direct
fired kilns, the amount of primary air is large and cannot be adjusted much due to the
need to supply the necessary amount of coal at the proper velocity at the burner. In
indirect firing systems, the amount of primary air supplied with the fuel is relatively
small; therefore, the secondary air amount is higher and can be varied. For these
reasons, direct fired kilns generally have higher NO, emissions than indirect fired
Kilns.

Increasing excess air to the kiln will increase NO, emissions up to a point, then will
decrease emissions due to the reduction in flame temperature. Generally, oxygen
levels of 4 to 5 percent result in high NO, emissions, whereas oxygen levels of 0.5 to
1.5 percent produce low emissions.

Coal nitrogen content potentially affects total NO, emissions: a typical kiln with a heat
rating of 5.3 million British thermal units per ton (MMBuu/ton) clinker using a coal
with a nitrogen content of 1 percent has the potential to produce fuel NO, emissions
of up to 14.5 pounds per ton (Ib/ton) clinker.

The nitrogen content of the raw feed is a potential source of NO,. Raw feed nitrogen
levels have been found to vary from 20 to 1,000 parts per million (ppm). A raw feed
content of 100 ppm has the potential to produce NO, emissions up to 1 Ib/ton clinker.
Other factors which affect wet process cement kiln NO, emissions include the

burnability of the raw feed and sulfur dioxide (SO,) control employed.

NOy EMISSIONS FROM WET PROCESS CEMENT KILNS

Based upon information: obtained during the literature search and information survey, a

compilation of NO, emissions from wet process coal-fired cement kilns was developed. A

summary of this information obtained to date is presented in Tables 1 and 2.

2
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A summary of the NO, data obtained for coal-only fired wet process kilns is presented in Table 1,
Table 2 lists kilns which fire a mixture of coal and other fuels such as waste tires or petroleum
coke. Included in Table 1 are Tarmac’s present permit Jimits for Kilns 2 and 3, as well as actual
source test data from these kilns. Also included are the test data from Rinker’s two wet process
kilns, also located in south Florida. As shown, the NO, emissions data show wide variation,
from 4.6 to 17.7 Ib/ton clinker produced (average for a kiln). Actual emissions from Tarmac
Kiln 2 fall in the lower range of these data at 8.1 Ib/ton clinker (average). The average NO,

emission factor from AP-42, Section 11.6, Portland Cement Manufacturing, is 7.4 ib/ton clinker.

CONTROL. TECHNIQUES FOR NO, EMISSIONS

Thermal NO, dominates NO, formation in wet process cement kilns. As a result, NO, emissions

from wet process cement kilns can be controlled by two primary methods: combustion techniques
and post-combustion technologies. Combustion control technologies are used to modify
combustion conditions to reduce flame temperature and available oxygen, and to stage the

combustion.

For direct-fired Kilns, indirect firing has the potential to reduce NO, emissions by reducing the
available oxygen and staging the combustion, but this reduction must be weighed against the cost

of converting and the environmental benefits.

Limited information is available regarding the use of low NO, burners or flue gas recirculation in
cement kilns. Direct fired kilns must be converted to indirect firing prior to use of low NG,

burners.

Post-combustion control technologies for NO, reduce emissions after they are formed. These
methods include: selective non-catalytic reduction (SNCR) and selective catalytic reduction (SCR).
SNCR is not considered applicable to wet kiins due to difficulties involved in continuous injection
of reducing agents. SCR has not been demonstrated on cement kilns and, therefore, is not

considered to be applicable at this time.

The South Coast Air Quality Management District (SCAQMD) has adopted cement kiln best

available control technology (BACT) guidelines; however, they do not include wet process cement
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kilns. The Bay Area Air Quality Management District (BAAQMD) has developed BACT

guidance for precalciner kiln systems, not wet process kilns.
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