STATE OF FLORIDA

DEPARTMENT OF ENVIRONMENTAL REGULATION
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TWIN TOWERS OFFICE BUILDING GOVERNOR

2600 BLAIR STONE ROAD

TALLAHASSEE, FLORIDA 32301-8241 VICTORIA J. TSCHINKEL

SECRETARY

August 9, 1985
CERTIFIED MAIL -~ RETURN RECEIPT REQUESTED

Mr. A. L. Chiles, Jr.

Lonestar Florida Pennsuco, Inc.
P. O. Box 122035 - PVS

Hialeah, Florida 33012

Dear Mr. Chiles:

We have reviewed your July 23, 1985 request for higher emission
stardards for Lonestar's No. 3 kiln. This office was involved in
establishing the emission standards for the No. 3 kiln. The
standards were based on the data supplied by Lonestar in both
| their July, 1980 application for the permit to construct and the
November, 1982 request to increase the allowable sulfur dioxide
emissions for all three kilns. We believe the kiln, as it was
' being operated at that time, would meet the emission limits
established by the Best Available Control Technology
determination and listed in the revised construction permit AC
s 13-054054.

The attachments to your July 23 letter described modifications
that have been made to the kiln since the construction permit was
issued. The major modification was a change in the method of
operation to manufacture a different product which required a
different mix of raw material, more fuel per ton of product, and
higher kiln temperatures. It was also noted that the sulfur
content in the raw material has increased. Each of these changes
increased the potential of the kiln to emit air pollutants.
Lonestar should have applied for a permit to modify the kiln
prior to manufacturing a new product. We understand that the
kiln, as it is presently operated, cannot comply with both the
sulfur dioxide and nitrogen oxide emission standards
simultaneously.

The construction permit for this kiln that authorized the use of
coal has expired. A construction permit does not authorize
commercial operation of an air pollution source prior to
confirming compliance with the emission standards and submitting
a complete application for permit to operate. If Lonestar is
unable to comply with the conditions in the construction permit,
then the continued operation of the kiln is in violation of state
permit No. 13-054054 and the air pollution control regulations.
If Lonestar believes the kiln must be operated out of compliance
with the regulation, then the Company should try to negotiate a
Consent Order with the Department.
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Also, as the method of operation of the No. 3 kiln has changed,
it is not appropriate to amend the expired state construction
permit. If Lonestar plans to operate the kiln under different
circumstances than the data in the 1980 application for permit to
construct was based on, as was stated in attachment to your July
23 letter, then the Company needs to submit a complete, new,
application for permit to construct to the Department. The
application would have to address all criteria pollutants and, if
any pollutant has a significant net emissions increase, would be
subject to the PSD regulations. This requires a BACT
determination for each criteria pollutant that has a significant
net emissions increase.

By copy of this letter, we are notifying EPA of the status cf the
No. 3 kiln so that they may take whatever action is appropriate
for violations of federal permit No. PSD-FL-050.

If you have any questions on how to proceed in resolving this
matter, please call Willard Hanks or write me at the Department's

Tallahassee address.

Sincerel

C. H. Fancy P.E.
Deputy Chief
Bureau of Air Quality

Management
CF/WH/p
cc: James T. Wilburn
Roy Duke

Dade County
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LONESTAR FLORIDA PENNSUCO, INC.

Cement & Aggregate Plant
11000 N. W. 127 Way
Medley, Florida 33178

P. O. Box 122035 - PVS
Hialeah, Florida 33012 D E R
{305) 823-8800
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CERTIFIED MAIL
RETURN RECEIPT REQUESTED

Mr. James T. Wilburn, Chief
Air Management Branch
Enviromental Protection Agency
Region IV

345 Courtland Street

Atlanta, Georgia 30365

Re: EPA Pexrmit No. PSD-FL-050
DER Permit No. AC13-054054
(Lonestar's Cement Plant - Miami Florida)

Dear Mr. Wilburn:

In reference to the above mentioned EPA and DER permits;
and, also based on a comprehensive study by our consultant,
Enviromental Science and Engineering, Inc., we are enclosing
a request to revise the S0,/NO_ emission limits for our

Kiln #3, but maintaining the sZme limits for the Pennsuco

Cement Plant.

Supporting computer model printouts are to be sent you
under separate cover.

Lonestar respectively requests that these revised S0,/NO
limits be approved in order for us to operate an eff%cieﬁt
kiln and produce good guality cements.....in our continuing
efforts to "fight" foreign clinker and cement imports.

Sincerely,

i X Chit. G

A. L. Chiles, Jr.
Manager Engineering

ALC:gkf
Enclosures

cCc: Messrs: C. H. Fancy
Tom Tittle
Art Bolivar/Patrick Wong
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REQUEST TO REVISE S0,/NOy
E ) EMISSION LIMITS FOR KILN NO. 3
' LONESTAR FLORIDA HOLDING, INC.
PENNSUCO CEMENT PLANT

B Submitted to:

U.S. ENVIRONMENTAL PROTECTION AGENCY
Region IV
and
FLORIDA DEPARTMENT OF ENVIRONMENTAL REGULATION
and
. METRO-DADE COUNTY DEPARTMENT OF
ENVIRONMENTAL RESOURCES MANAGEMENT
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= Prepared by:

E? ENVIRONMENTAL SCIENCE AND ENGINEERING, INC.
Ll Gainesvillie, Florida

ESE No. 85-153-0100-2110

July 22, 1985
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1.0 BACKGROUND INFORMATION

Lonestar Florida Pennsuco, Inc. was originally issued a Prevention of

Significant Deterioratiom (PSD) permit for its Hialeah, Florida, portland
cement plant by the U.S. Environmental Protection Agency (EPA) on July 8,
1980. The PSD permit (PSD-FL-050) was for the conversion of Kilns 1, 2,
and 3 to coal. The permit specified certain emission limits for sulfur

dioxide (S0;) and nitrogen oxides (NOy).

Subsequent to issuance of the PSD permit, Lonestar converted Kiln 3 to
coal and also implemented energy-efficiency improvements in the kiln.

The first compliance test was conducted in July 1981. This test showed
compliance with the allowable NO, emission limits, but the measured
levels of S0y [506 pounds per hour (1b/hr)] far exceeded the allowable
level (27.51 lb/hr) (see letter of January 5, 1982, in Appendix A). An
additional compliance test and an in-house test were conducted by
Lonestar in April and May of 1982. These tests displayed results similar
to the first compliance test, with S0y emissions far exceeding the

allowable limits (see letter of Jume 18, 1982, in Appendix 4).

On the basis of these test results, Lonestar requested from EPA on
November 19, 1982, a revision of its PSD SO9 emission limits (see
Appendix A). No revision of the NO; limits were requested at that time.
The requested SOp levels were 100 1b/hr for Kilms 1 and 2 each, and

400 1b/hr for Kiln 3. Based upon Lonestar's submittal, EPA revised
Lonestar's PSD permit on December 28, 1984. The revised S0g limits were
125 1b/hr SOp from Kilns 1 and 2 each, and 400 1b/hr from Kiln 3. The
revised permit required Lonestar to conduct a series of S0y compliance
tests to demonstrate compliance with the revised standard. On March 22,
1985, the Florida Department of Environmental Regulation (DER)} issued a
construction permit (AC13-054054) which was consistent with the EPA PSD

permit.
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Compliance tests to demonstrate compliance with the revised PSD permit
were conducted in May 1985. Although the tests showed compliance with
the SOy emission limits, the margin of compliance was small. In
addition, the tests showed that both the S0; and NOy emission limits
could not be attained simultaneously on a continuous basis. As a result
of the recent source test results and the necessity of Lonestar to
maintain ¢linker product‘quality, which restricts certain operating
parameters within the kiln, Lonestar is now requesting a revisiom to the
current SO» and NOy emission limits contalned in the EPA PSD and DER
construction permits. Subsequent sections of this report discuss current
permit conditions and their basis, production practices, historic test
data, alternative control technologies, and the proposed emission limit

revisions.
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2.0 CURRENT PERMIT LIMITS AND REQUIR=MENTS RELATING TO SO-/NOg

2.1 DER PERMIT NO. AC 13-054054
(ISSUED MARCH 22, 1985; EXPIRED MAY 28, 1985)

This DER air construction permit, issued for the conversion of Kilns 1,

2, and 3 to coal, specifies the following SO) emission limits:

Source Max Emission Limit Emission Limit

Kiln 1 125 1b/hr S04 5.0 1b SOp/ton of clinker produced
Kiln 2 125 lb/hr SO; 5.0 1b S03/ton of clinker produced
Kiln 3 400 1b/hr S03 4.6 b S0g/ton of clinker produced

In order to comply with the Dade County Ambient Air Quality Standards
' (AAQS) for SOy, only the following fuel mixes are allowed and were

defined as Best Available Control Technology (BACT):

Fuel Mix
Source 1 2 3 4
Kiln 1 Gas . Coal or 01l Coal or 01l 0il
Kiln 2 Coal or 0il Gas Coal or 0il 0il

Kiln 3 Coal or 0il Coal or 0il Shutdown 0il

Source emission tests were required to demonstrate compliance with the
80, limits and also to demonstrate no actual emission increase in NOy

emissions. An NOy emission limit was not specified im the permit.

2,2 EPA PERMIT NO. PSD-FL-050
(ISSUED JULY 8, 1980; REVISED DECEMBER 28, 1984}

The EPA PSD permit limits SO emissions to the same levels as specified
in the DER air construction permit for each kiln. Only two kilns are
allowed to operate on coal at the same time. In addition, the coal
sulfur content was limited to the following, whichever is more
restrictive:

1. 1.75 percent as a mounthly average;

2. 2.0 percent as a maximum; and

3. A sulfur content coal that consistently meets the SO; emission

limits.
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The maximum coal sulfur content was to be determined by a stack test

NOy emissions were limited in the EPA permit to the following:

: Method 7 for NOy. The Method 7 tests

2=-2

were to consist of

Kiln Emission Limit
1 ‘118 1b/hr or 4.73 pounds per ton (1b/ton} clinker,
whichever is less
2 118 1b/hr or 4.73 1b/ton clinker, whichever is less
3 592 1b/hr or 6.77 1b/ton clinker, whichever is less
Compliance tests were to be performed using EPA Method 6 for 507 and

at least four

grab samples per run, taken at approximately l5-minute intervals.
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. 3.0 BASIS FOR ESTABLISHMENT OF CURRENT S09/NOyx EMISSION LIMITS

3.1 509 EMISSION LIMITS

The original air construction permit applications for the Lonestar

Kilns 1, 2, and 3 coal conversion proposed S0, emission limits of

56.7 lb/hr for Kilns 1 and 2 each and 26.3 1lb/hr for Kiln 3. The S50
emission rates for all kilns were based upon a maximum of 2.0 percent
sulfur in_coal and 0.08 percent sulfur in the raw feed (as S03). Kilns 1
and 2 emissions were further based upon a stack test om Kiln 1 conducted
in June 1979, while firing 2.4 percent sulfur fuel oil. The calculated
SO; absorption efficiency of Kiln 1 was 91.3 percent. Similarly. Kilm 3
was also tested at the same time, and the SO, absorption efficiency was
calculated to be 98.7 percent. These inherent SOp control efficiencies
formed the basis of the original emission limits. There was no
information. available at that time that cocal firing would result in
significantly different S0y removal efficiencies within the kiln.
Subsequently, on July &, 1980, EPA issued the federal PSD permit
(PSD-FL-050), and on May 28, 1980, DER issued the state permit

(AC 13-27742) approving the originally proposed emission limits.,

Lonestar converted only Kiln 3 to coal, due to economic conditions, and
conducted initial compliance tests in July 1981. These initial tests
showed S0; emissions to be as high as 500 lb/hr. In correspondence to
EPA dated January 5, 1982 (Appendix A}, Lonestar attributed the high
emissions to the hotter operation of the kiln (due to energy efficiency
improvements). It was stated that high excess oxygen (0;) levels in the
kiln were required to obtain high sulfur absorption into the clinker, but
too high of an excess 0j level will cause too high of a back-end kiln
temperature, affecting product quality. In addition, it was noted that
there was a high probability of not meeting the NOy limits at the higher

excess Oy levels.

Additional 507/NOy testing was conducted on Kiln 3 in April and May of
1982. The first tests in April exceeded the 400 1b/hr limit om Kilm 3,

3-1
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but the May tests showed that soé levels could be controlled to under the

400 1b/hr level.

On the basis of these results, in November 1982, Lonestar requested from
EPA a revisiof to the S0, emission limits for Kilns 1, 2, and 3. The
requested levels were 125 lb/hr for Kilns 1 and 2 each and 400 lb/hr for
Kiln 3. Lonestar submitted along with this request, and in a subsequent
submittal (letter to DER dated June 13, 1983), information related to the
air quality impact of the requested emission limits and a BACT evalu-
ation. The BACT evaluation discussed add-on control equipment (i.e.,
baghouses, flue gas desulfurization, etc.), use of low-sulfur coal, and

process variables which affect 507 emissions,

On August 6, 1984, DER issued the Preliminary Determination and proposed
federal PSD permit for the SOp revision. This included an engineering
evaluation and BACT determinatiocn which ceoncurred with Lonestar's
assessment of the S09 removal capabilities of Kilns 1, 2, and 3 and its
assessment of alternative S0y emission control technologies. Due to the
uncertainties surrounding the S0p removal capabilities of the kilns,
which were estimated to achieve a maximum 75 percent removal, Lonestar

might need to burn coal with a sulfur content as low as ] percent in

_order to meet the revised S0, emission limits, The PSD Final

Determination was issued by DER on November 9, 1984, and EPA revised the
federal PSD permit (PSD-FL-050) on December 28, 1984. The Final
Determination and final permit did not deviate from the Preliminary

Determination and draft permit.

3.2 NO, EMISSION LIMITS

The original air construction permit applications for the Lonestar
Kilns 1, 2, and 3 coal conversion proposed an NO, emission limit of
1.69 1b/ton clinker produced when burning coal. The basis for this
emission rate was a series of NO, emission tests conducted in 1979 on

Xiln 3 when burning both oil and gas (see Appendix A). Maximum emissions

3-2



D-AR85.2/LONESTAR-3,3
07/16/85

were on gas and were determined to be 6.77 lb/ton clinker produced.
Hilousky (1977) indicated that conversion of a cement kiln from gas to
coal firing should result in a 75-percent reduction in NOy emissions (see
Appendix A). On this basis, the estimated coal-fired NOy emission rate

was proposed as 1.69 lb/ton of clinker produced.

Subsequently in 1980, Lonestar conducted additional NOy emissions testing
while firing gas and oil in Kilms | and 2. Based upon these test results
and because of the uncertainty in meeting the originally proposed NOy
emission rates, Lonestar proposed that the NO, emission limits be revised
to equal those measured when firing gas (i.e., no increase in NOy
emissions over those from gas firing) (see Appendix A for April 25, 1980
correspondence). The revised emission limit proposed at that time was
830 lb/hr from the entire Penasuco facility. Based upon further
discussions between EPA and Lonestar, the NO, emission limits specified
in the original EPA PSD permit was 592 lb/hr or 6.77 lb/ton of clinker
produced for Kiln 3 and 118 1b/hr or 4.7 lb/ton clinker produced for
Kilns I and 2.

These original NO, limits were based entirely upon emission measurements
while burning gas and oil in the Lonestar kilns., Emission test data for
coal firing was not available for Lonestar or from other cement kilns in
the United States, except for the kiln discussed in the article in
Appendix A. The clinker product being produced at that time was also
significantly different than that produced at Lonestar today (see

discussion in Section 4.0).

3-3
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4.0 PAST AND CURRENT PRODUCTION PRACTICES

Primarily due to the foreign imports of clinker and cement, the Lonestar
plant has changed its manufacturing process in order to compete and
survive in the cement industry within the state of Florida. Prior to
1983, this plant was basically a Type I cement manufacturing operation
with other types of cement being manufactured on a smaller scale. With
foreign products entering U.S. ports, this plant was forced to change its
manufacturing process to produce a Type I/II cement plus other specialty

cements. This change occurred at Lomestar in 1983,

In order to maintain compressive strengths and manufacture a good quality
Type 1/II product, more calcium carbonate was added to the chemical
formulation of the raw kiln feed. By doing this, the tricalcium silicate , \r
(ggss content of the product remalned the same to maintain Type I e¢;F%
strengths in the new Type I/II product. The increased calcium carbomate
content requires more fuel to calcine and combine with the silica,

aluminum, and iron components of the mix to produce the C3S:as well as

the other required mineral structures. The higher fuel requirements lead

to greater S0, emissions. The increased SO; emisisons are offset

somewhat by a higher volumetric flow rate through the kilnm to support the
combustion process. The additional oxygen acts to absorb a porticn of -

the additional SO, generated from the fuel. However, the higher kiln

heat requirements, and therefore kiln temperatures, act to increase NOy
emissions (see discussion in subsequent sections). Thus, the change in’
clinker product s%nce 1983 at Lonestar has contributed to the higher S0»

and NO, levels indicated by the recent source test results.

Another factor which can significantly affect SOp emissions from cement
kilns is the sulfur content of the raw feed material. Since 198l,
Lonestar has utilized bottom ash from various coal-fired power plants as
a source of alumina, silica, and iron. These substances are required In
the raw feed to produce acceptable clinker, The sources of the bottom

ash have varied over the years as Lounestar seeks the cheapest supply
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available, Because the supply of bottom ash has varied, the sulfur
content of the bottom ash and ultimately of the raw feed has also varied.
The effects of this variability on potential SOy emissions from Kilm 3

are discussed further in Section 5.0.

Another effect of the current domestic cement economy and foreign cement
imports is that Kilns 1 and 2 at Lomestar have not operated since June
1982. At this time, it is not anticipated that these kilns will operate
at any time within the near future., Also, due to these same economic
conditions related to foreign clinker and cement imports, the General
Portland cement plant in Miami, Florida was shut down last year. This
year, General Portland's cement plant in Tampa, Florida shut down their
kiln operations; however, they continued to operate their grinding mill

facilities--grinding foreign clinker into cement,
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5.0 EVALUATION OF SO, AND NO, EMISSIONS TEST DATA

Since Lonestar converted Kiln 3 to coal in 1981, several emissions tests

have been conducted for SO; and NOy emissions. Presented in Table 5-1
are the results of those tests for which SOp or NO, emissions and the
oxygen content of the kiln-gases were measured. These tests constitute
18 individual SO runs, during which several NOy grab samples were also
obtained. Additional in-house SO; tests were conducted in March 1983 and
March 1984; however, concurrent NOy samples and oxygen levels in the kiln

were not measured.

The source emission tests were conducted at or near the maximum capacity
of Kiln 3 [87.5 tons per hour (TPH) clinker], ranging from 79.0 to

87.6 TPH. Coal feed rate and sulfur content were relatively constant for
all the tests, ranging from 13.5 to 16.5 TPH and from 1.28 to

1.96 percent sulfur (% S), respectively. The percent S03 in the raw feed
was also fairly uniform, ranging from 0.09 to 0.22, except for the May

16, 1985 tests, which ranged from 0.44 to 0.60 percent.

All source tests were conducted using EPA Method 6 for SO and EPA
Method 7 for NOy. The Oy content of the flue gases exiting the kiln were
also measured during the tests. The oxygen measurement is taken at the

feed end of the kiln, which is opposite the end from the combustion zomne.

Review of the test data shows that compliance with the S0 emission limit
for Kiln 3 of 400 1b/hr is achievable. The May 24, 1985 and May 31, 1985
tests averaged 375 1b/hr and 388 lb/hr S0p, respectively. The test of
May 12, 1982, averaged 280 1b/hr S0p. All of these tests were run under
kiln Oy levels which averaged between 2 and 3 percent. The May 16, 1985
and April 30, 1982 tests exceeded the emission limit, and kiln 0 levels
averaged between 1.9 and 2.0 percent. Thus, it appears, under current
operating conditions in the kiln, a kiln Op content of greater than

2.0 percent would be required to comply with the S0 standard. However,
compliance may only be marginal, as the best test results were only

6 percent below the emission limit.

5-1
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Table 5-1. Summary of $0;/NO, Testing, Lonestar Kiln 3 Burning Coal
S04,
Raw Feed Coal Flue Gas . Removal
Rate 8 Clinker Individual Effi- ;
Test (TPH) X 504 Rate (as Rate % 50, Kiln S0y NO, Flow Rate Temp. NO, (lb/hr) ciency ;
Date (dry) (dry) (TPH} fired) {TPR) {(dry) Z 0y (1b/hr). (1b/hr) C(ACFM) {DSCFM ) Z Ha0 (°F) ] 2 3 4 (%)
04/30/82
1 138.28 0.17 16.5 1.40 85.6 0.19 1.4 864 | 405 330,025 153,911 27.79 357 364 408 451 195
2 138.28 0,17 16.5 1.44 85.6 0.19 1.3 709 511 319,869 147,463 27.94 365 459 472 581 533 jgbt;
3 138.28 0.22 16.5 1.56 85.6 0.19 2.9 asa, 695 316,722 145,883 28.16 363 662 636 7106 756 \?EL,,”’ ¢
average 138,28 0.19  16.5 1.47  85.6 0.19 1.9 @ 537 322,205 149,086  27.96 362 54.3 Lo
T S0 430 /i _
05/12/82 In-~house test submitted to EPA
1 127,59 0.11 13.9 1.68 79.0 0.82 3.4 319 791 155,886 343 838 147 - -
2 127.59 6.1l 13.5 1.52 79.0 1.27 2.9 295 523 319,286% 149,023 27.713% 344 529 516 - - !
3 127.59 0.11 14.4 1.48 9.0 0.84 2.8 265 464 149,124 346 463 465 -— -
4 127.59 0.12 4.4 1.28 79.0 0.B6 3.1 197 438 153,814 343 458 417 - -
5 127.59 0.10 14.4 1.36 79.0 1.03 2.9 265 218 320,478% 151,523 27.621 344 229 207 -— -
u 6 127.59 0.1C 15.5 1.36 79.0 0,72 1.6 579 347 148,903 352 329 364 - -
,L Average 127.59 0.11 14.4 1.45 79.0 0.92 2.8 320 464 319,882 151,379 27.68 345 17.1 -
05/16/85
1 133.5 0.44 14.90 1.56 87.5 o0.11 1.75 535 643 318,126 l4l,902 29.2 379 S8 734 520 799
2 132.8 0.56 14.55 1.86 87.5 0.08 2.2 439 855 310,068 143,367 26.7 378 572 953 836 1,057
3 132.7  0.60 14,65 1.64 87.4 0.22 2.0 5l4 750 319,034 147,152 26.5 382 788 B46 639 7127
Average 133.0 0.53 14.70 1.69 87.5 0.14 2.0 496 749 315,743 144,140 27.5 380 87.0
05/24/85
1 132.8 0.09 14.75 1.96 87.2 0.16 2.3 380 7132 332,881 152,149 26.4 392 894 293 44 998
2 132.5 0,14 14.50 1.93 87.3  0.14 2.3 357 809 322,952 146,703 26.6 395 757 833 760 885
3 132.3 0.1l 14,50 i.88 87.7 0.06 2.2 388 168 331,212 148,867 27.4 395 73l 850 793 698 o
Average 132.5 0.11 14,58 1.92 87.4 0.12 2.3 375 710 329,015 149,240 26.8 394 78.0
05/31/85
1 132.8 0.18 14.60 1.96 87.6 0.18 3.0 384 647 336,040 154,249 25.9 394 575 658 585 76%
2 132.8 0.14 14.60 1.93 87.6 0.14 2.6, 409 618 333,299 149,830 26.9 401 667 607 626 573
3 132.8 0.16 14,535 1.86 87.6 0.16 2.7 arnz 179 341,786 153,083 27.3 400 680 605 1,019 812 i
Average 132.8° 0,16 14.58 1.92 87.6 0.16 2.8 388 681 337,042 152,387 26.7 398 80.0 -

*Average of ruas 1 through 3.
tAverage of runs & through 6.

Source: Lonestar Florida Holding, Tonc., 1985,
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An additional factor to be considered in review-of the recent 503 test
results is that Kiln 3 was shut down for annual maintenance in April’
1985. The SO, tests were conducted just after the annual maintenance,

when the kiln was operating at optimum fuel efficiency. Over time, the

*kiln will experience a slow degradation in fuel efficiency, requiriné

more fuel to be burned to produce the same amount of clinker., Increased
SO, emissions will result from the additional fuel burned. Although the
two most recent SOp tests on Kiln 3 complied with the 400 lb/hr limit,

the margin of compliance was small, and future tests may result in levels

above the limit,

A total of five compliance or in-house tests are shown in Table 5-1. Of
these five, only one test showed simultaneous compliance with both 8503
and NOy allowable levels (May 12, 1982 test). During this test, the kiln
07 level was relatively high, averaging 2.8 percent.

The test of May 31, i985, was conducted under similar kiln 09 levels
(average of 2.8 percent), and the average SO) emissions were 388 lb/hr
(below the allowable level of 400 1b/hr). During this test, however, NOy
emissions averaged 681 lb/hr, in excess of the 592 lb/hr allowable level.
These tests, as well as the other test data, emphasize the highly
variable nature of NOy emissions from the kiln and the problem of meeting
both the SO5 and NOy emission limits simultaneously while firing coal in

Kila 3.

A statistical analysis of the source test data was performed to determine
if any correlation exists between SO; emissions, NO, emisions, and kila
09 level. Shown in Figure 5-1 are measured 50; emissions plotted against -
NO, emissions. As shown from this figure, there is no direct correlation
between SOy and NOy emisisons. It is concluded that the relationship 1is
a complex function of several parameters, as discussed in Secticns 3.0

and 6,0.
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Presented in Figure 5-2 is the relationship between SO; emissions and
kiln Oy content. This figure shows a very strong correlation between S0
and kiln 0y (an expected result, as discussed in Sections 3.0 and 6.0)
and suggests a linear relationship. To test this relationship, a linear
regression agalysis was performed on the data. The following equation

was found to describe the line of best firc:
S0, (1b/hr) = 996 - 238 (%03)

This line is shown in Figure 5-2. The correlation coefficient (R) for

this line of best fit is -0.88, indicating a fairly good correlation.

Although many of the tests were conducted at kiln Oy levels ranging from
2 to 3 percent, clinker product quality considerations dictate that a
more desirable Oy level in the kiln is about 1 percent. As the 0y level
in the kiln increases (indicating increased volumetric flow rate through
the kiln), heat is lost from the kiln, and the energy efficiency
decreases. If this condition persists, the quality of the clinker

becomes degraded.

As discussed in Section 4.0, the Type I/IL product presently produced at
Lonestar has a high gssfcontent and requires more heat to process than
the previous Type I product. If heat in the kiln decreases to
unacceptable levels, either more fuel must be added to compensate, which
in turn lowers the Oy content in the kiln (the additional combustion

consumes the 0j), or the air flow rate through the kiln must be lowered,

which also lowers the 09 in the kiln.

Presented in Figure 5-3 are measured NOy emissions as a function of kiln
O2. As shown, no correlation is evident between these two variables.

This supports the conclusion that NOy emissions are primarily a function
of the temperature in the kiln. The Lonestar plant uses their NOy stack

monitor as one of their burning controls in operating the kiln--as the
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NOy increases, the kiln temperature also increases-—and vice versa. It
also indicates that achieving compliance with the $09 emission limits by
increasing the kiln 09 will not ensure compliance with the NOy emissions

limit for Kiln 3.

Correlations were also attempted between SO; emissions and clinker

sulfate (S03) content and between kiln 0p and clinker SO3 contents. No
correlation between these variables was found. However, these are the

results of short testing periods. Actually, as 0p goes up.in kiln exit

gases, S03 absorption in the clinker goes up and 50y stack emissions go ngv“v-
down. It takes approximately 5 hours for the raw feed to travel the A{ &iﬁﬁﬂr
length of the kiln to the discharge end. As a result, emission tests & ﬁ%QYJ
performed on the kiln exhaust gases are not representative of clinker

product sampled during the same time period as the emission tests.

As discussed in Section 4.0, another factor which can significantly
affect SOy emissions from cement kilns is the sulfur content of the raw
feed material. In Lonestar's original permit application for the coal
conversion, the maximum sulfur in the raw feed was stated to be

0.08 percent {as S03, on a dry basis)., At the maximum raw feed input
rate of ldii?S TPH, the maximum potential SO; emissions from the raw feed

was calculated as follows:
141.75 tons/hr x 2,000 1b/ton x 64 1b 507/80 1b SOj3

x 0.0008 =\181.4 1b/hr 3330_39&,.&

Thus, the sulfur in the raw feed would have contributed only about

10 percent to the total potential SOp due to the raw feed and coal feed

(809 due to coal feed was calculated as 1,840 lb/hr). <2 ﬂ.éhﬂygﬁgn N Cnd ek
Oisvag s rgdo Yo —.05) = Soeat W) b, G

Review of Table 5-1 shows a high degree of variability in the SOj

contents of the raw feed, which range from 0.1l to 0.53 percent (dry

basis, average of test series). Based upon the raw feed rates shown,

potential SO; emissions due to the raw feed would vary between 224 and
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1,128 1b/hr. These potential emissions are significantly higher than
were envisioned in the original permit application and contribute to the

problem of consistently meeting the current S0y emission limits for

Kiln 3.

S0, removal efficiencies for Kiln 3 based upon the theoretical sulfur
input to the process are also shown in Tablg’gzl. The average efficiency

based upon the averages of the test runs for each date was calculated.

These results indicate a very high inherent S0, removal efficiency for fﬁobd o
the kiln, ranging from 54 percent to 87 percent. Four of the five *?;ﬁfﬁ
o

averages are above 77 percent. This level of S0; removal exceeds the
(75 percent removal considered by DER to be the maximum obtainable on the

kilns at Lonestar (reference DER Preliminary Determination, 1984, in

Appendix),
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6.0 CONTROL TECHNOLOGIES -

Lonestar has addressed various alternative S0, and NOy control

technologies in the course of receiving the original state and federal
air construction permits for the coal conversion and in receiving revised
permits with new SO, emission limitations. The following discussion :
summarizes the previous evaluations and findings, and addresses any new

technologies or studies conducted recently.

6.1 NO, CONTROL TECHNOLOGIES
The original federal PSD permit and Final Determination, issued on
) July 8, 1980, addressed BACT for NO, emissions from the three coal-fired
kilns at Lonestar's Pennsuco plant. Published test data and references
were presented that indicated a substantial reduction in NOy emissions
when cement kilns are converted from natural gas to coal, The reduction
was attributed to the characteristics of the flame, with coal flames
being longer and lazier with lower temperatures in the center of the
flame., However, a high potential for fuel derived NOy was cited. Also,
AP-42 factors and New Source Performance Standards for utility boifers N
indicated the potential for increased NOy emissions when firing coal
instead of gas. EPA concurred with Lonestar that operating conditions

could be found which would result in no net increase in NO, emissions

above those due to gas firing.

Recently, additional studies have become available addressing control
technologies for NO, emissions from cement kilns. An article eatitled
"Evaluation of Combustion Variable Effects on NO, Emissions from Mineral
Kilns" (excerpts attached) evaluated NOy emissions from a wet process
cement kiln. The pertinent conclusions of the study were as follows:

1. NO, emissions were found to decrease as Op content within the
kiln decreased. Only a weak correlation was found. Normal
variations in coal nitrogen content, burnability of the feed
material, and temperatures within the kiln all could

significantly affect emissions.
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2. A stronger correlation between S07 emissions and 0Op content was
found, with 80, decreasing as Oy increases. Normal variations
in coal and feed sulfur contents could have a significant effect
on kiln S0, emissions.

3. Normal variatioms in process operation {(e.g., burning zone
temperature, feed composition, and fuel properties) can affect
both NOy and 505 emissions,

4. For the particular kiln tested, 55 percent of the coal sulfur

e

was emitted as S0j.
5. The thermal efficiency of the kiln decreased as the 0p coatent
f in the kiln increased (indicates that as Op is increased to
reduce S04, more fuel is required to compensate for the lower

thermal efficiency, thereby increasing potential SO, emissions).

These conclusions agree well with the results and conclusions reached for

Lonestar's Kiln 3 (in Section 5.0).

The subscale laboratory program conducted in the study identified several
variables which may affect NO, emissions from cement kilns. These
variables are: fuel injection velocity, combustion air preheat, furnace
wall temperature, carrier gas composition, and excess 0j. Approaches
suggested to reduce NO, were:

o Reduce fuel injection velocity. This variable has a strong

effect on NO, emissions, but it can reduce flame geometry often

essential for product quality. (A?'Q
Y
. . LS
0 Reduce oxygen content of carrier gas. This approach would _120 5
‘ b U
substantially lower NO, emissions while preserving the flame a_;a5

geometry,

o Reduce furnace wall temperature. This can be achieved by
enclosing the primary combustion zone of the flame in a
water/air cooled shroud to prevent the radiation of the flame to

the hot refractory or by the re-injection of cement dust in a
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shroud surrounding the flame to provide a heat sink for
radiation from the flame and hence reduce the fléme temperature.
o Distribute cold combustion air to near burner flame zone. The

approach inﬁolves injecting a layer of cold air in the mixing
region between the fuel/carrier jet and the preheated combustion
air to act as a shield and minimize NOy produced with high
levels of preheat. Optimizing the amount of cold air would
minimize the potential adverse impact on efficiency.

These studies were ﬁerformed at the subscale (laboratory) level, but

their feasibility and effectiveness have not been demonstrated at the

pilot scale level, let alone at an actual operating kiln installation.

A report entitled "Application of Advanced Combustion Modifications to
Industrial Process Equipment: Subscale Test Results" (excerpts attached)
also described results of subscale testing on cement kilns. The study .
evaluated the following combustion modification techniques and found the

stated maximum NO, reduction achievable with each:

Sulfur injection: 12-20 percent reduction
Water injection: 14 percent reduction
Kiln dust injection: 14 percent reduction
Fly ash injection: 28 percent reduction

Kiln dust injection is used on Lonestar's Kiln 3. This process, called
"insulfation," takes the dust collected in the precipitator and recycles
it back into the kilmn. As a result, Lonestar is already practicing one

of the control techniques evaluated in this study.

Based on the above review, there are no new proven technologies for
reducing NOy emissions from coal-fired cement kilns. The only feasible,
proven, cost-effective technology is control of process variables.
However, process variables are restricted within certain limits by

product quality considerations. Because of the many factors involved in
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NO, formation in the kiln, emissiomns can vary substantially from hour to
hour. In addition, measures which act to reduce S0; emissions (i.e.,

increase excess 0p) may increase NO, emissions.

6.2 S0 CONTROL TECHNOLOGIES

Subsequent to conversion of Kiln 3 at Lomestar to coal, it became
apparent that the originél SOy limits in the air construction permits
could not be met, In a letter dated January 5, 1982 to EPA, Lonestar
discussed possible reasons for not being able to achieve the anticipated
S04 absorption in the kiln. Among these reasons were (1) chat coal
flames were shorter and more intense than oil flames (which formed the
basis for the SO, absorption efficiencies), (2) coal firing results in a
coating on the kiln bricks and thus better heat retention, and

(3) because of other energy improvements to Kiln 3, it was now operating
hotter than it did when burning oil. High excess oxygen levels in the
kiln were needed to give high sulfur absorption, but excess oxygen also
effects kiln operating temperature and heat transfer to the back end of
the kiln and must be closely monitored to prevent melting. It was also
noted that as S0; absorption imcreases (i.e., 809 emissions decrease),

NO, emissions lncrease.

On November 19, 1982, Lonestar submitted a control technology analysis to
EPA in support of its 809 emission limit revision request (attached in
Appendix)}. 1In this analysis, kiln operating variables that affect 50
emissions and altermative control technologlies were evaluated,
Alternative controls included baghouses versus electrostatic
precipitators (ESP). Lonestar stated that it already had ESPs installed,
and that baghouses might achieve about 12 percent greater overall SOy -
absorption than ESP, but this conclusion was based upon limited test
data. Retrofitting baghouses on Kiln 3 at Lonestar was estimated to cost
about $3.3 million (1981 dollars, capital and installation costs). It
was concluded that control of excess oxygen in the kiln is the most cost-

effective means of controlling SOy emissions.

6=t
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Lonestar presented additional control technology evaluations in a letter
to DER dated June 13, 1983 (see Appendix)., This letter evaluated flue
gas desulfurization equipment and rejected such add-on equipment based
upon its high cost and stated that Lonmestar was already achieving 75 to
80 percent removal of potential S0, emissions. The cost of firing lower
sulfur coals was evaluated (1.75, 1.0, and 0.75 percent S§), and it was
shown that the cost of firing lower sulfur coal (i.,e., 1.0 or .

0.75 percent S) would cost between $0.88 million and $1.76 million,
annually. This was considered to be a significant economic burden and a

competitive disadvantage to Lonestar,

The EPA PSD permit. for the revised SO, emissions limits for Kilms I, 2,
and 3 included BACT determination by DER. The preliminary determination
concluded that, based on test data submitted by Lonestar, the average 50,
removal efficiency of Kiln 3 was 75 percent when the flue gas oxygen was
above 2.8 percent, The data did not show that an S0y removal efficiency
of greater than 75 percent could be consistently achieved on the existing
system. Flue gas desulfurization systems were considered not feasible
for the Lonestar plant at that time. It was indigated that | percent §
coal might need to be burned in order to meet the revised emission
limits, depending upon raw feed sulfur and absorption efficiency in the
kiln. These conclusions were also adopted in the PSD Final

Determination, issued by DER on November 9, 1984,

As the preceding discussion indicates, Lonestar has previously evaluated
all feasible options for controlling SO, emissions (i.e., FGD systems,
low sulfur coal, and controlling process variables}. The conclusions
reached previously for FGD and low sulfur coal are considered applicab}e
today. These alternatives are too costly and would place a severe
economic burden on Lonestar at a time when they are already under severe
economic hardships. The only feasible alternative for Lomestar is the
control of process variables to increase sulfur absorption in the system,

However, as discussed in Section 4.0, the type clinker product Lonestar

6-5



D-AR85.2/LONESTAR-6.6
07/17/85

now produces restricts these variables. In addition, as shown in
Table 5-1, Lonestar is achieving between 50 percent and 90 percent 509
absorption in Kiln 3, and the last three emission tests indicate SO

removal efficliencies between 78 and 87 percent,

The following theoretical calculation shows the SOy removal efficiency
required of Kiln 3 to achieve an SO emission rate of 650 lb/hr; assuming
design process input rates {as specified in the original permit
application).

Design Parameters

0.08 percent 503 in raw feed f/
k&tqsh_ﬁ

2.0 percent S in coal “42<a~”’”——q‘

Sulfur Input:
Raw feed: 283,500 1b/hr x 0.0008 x 32/80 = 90.72 lb/hr +~ ~
Coal: 46,000 1b/hr x 0,02 = 920 1b/hr <L\l°.°f\/ﬁ*@[%5
Total = 1,010.72 1lb/hr 550‘71_@»»&\1%5%;“ Coal  /
11b 8 =2 1b S0y
1,010.72 x 2 = 2,021.44 1b/hr 809 = —

oLy oo/ howst I WS Gl

Maximum emitted 650 lb/hr SOy . Jower +han bktj
Efficiency = [(2,021.44 - 650)/2,021.44] x 100 = percent p et
ot —LNO)/QIO\) A A NI S AN
The following presents_the theoretical SOy removal efficiency based upon
SO, emissions o(\iigﬁlglhngnd process input rates refle?tive of the kififL }
three May 1985 emission tests. - 4 —

Maximum SOy emissioms = 650 lb/hr
Feed rates based upon data in Table 5-1 (May 1985 tests)

Raw feed rate {dry)} = 132.8 tons/hr . N )
sally satd 0'0%/':

Percent SOg in raw feed (dry) 0.1l - 0.53 percent -i;;!f:i”_,,,f”
Coal firing rate: 14.62 tons/hr 'l—"f/lii' Otriiyl,
Percent § in coal: 2.0 percent maximum gjﬁil

Sulfur Input

Raw feed: 132.8 tonms/hr x 0.11 / 100 x 32/80
132.8 tons/hr x 0,53 / 100 x 32/80

0.0584 rons/hr
00,2815 tons/hr
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Coal: 14.62 tons/hr x 2.0 / 100 = 0.2924 tons/hr
Total sulfur input = 0.3508 to 0.5739% tons/hr

11b 8 =2 1b SO,

Potential S0y emissions = 0.7016 to 1.1478 tong/hr

Removal Efficiency

S0, emissions = 630 lb/hr = 0.325 tons/hr

Efficiency = [(In - Qut)/In] x 100
= [(0.7016 - 0.325) / 0.7016] x 100 = 53.4 percent
= [(1.1478 - 0.325) / 1.1478] x 100 = 71,7 percent
. _ [
Efficiency Range = 53.4 to 71.7 percent L
R
D g oy
Ll bgqéi
3
{ L/Ct L/
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7.0 PROPOSAL TO REVISE CURRENT SO, EMISSION LIMITS

The Lonestar facility is currently allowed to emit a total of 650 lb/hr
of S0y, with 125 lb/hr from Kilns 1 and 2 each, and 400 1b/hr from
Kiln 3. Considering (1) the difficulty in simultaneously meeting the
current S0, and NO, emissiom limits for Kiln 3, (2) the need to maintain
clinker product quality, and (3) the remote probability of restarting
Kilns 1 and 2, Lonestar proposes the following:

1. Limit total SOy emissioms from Kiln 3 to 650 lb/hr, and

2. Leave Kilns 1 and 2 on shut down status. (These kilns have not

operated since June 1982.)

This proposal will not increase total permitted S0; emissiomns from the
Lonestar facility of 650 1b/hr. In addition, the Dade County AAQS will
not be threatened by this proposal. The Kiln 3 stack has a greater
volumetric flow rate and therefore has a greater plume rise compared to
Kilns 1 and 2. Therefore, shifting the entire 250 lb/hr S0y from Kilms |
and 2 to Kiln 3 will actually result in an improvement (reduction) in

maximum predicted ground-level S0y concentrations.

To demoustrate compliance with the national, State of Florida, and Dade
County S0, AAQS in the vicinity of the Lonestar plant, an atmospheric
dispersion modeling evaluation was conducted. The EPA- and DER-approved
Industrial Source Complex Short-Term (ISCST) model was used to estimate
annual, 24-hour, and 3-hour S0, impacts due to Lonestar and nearby
significant sources for comparison to State of Florida AAQS. Highest,
second-highest concentrations were used for short-term averaging times
(24 hours or less), since these standards can be exceeded once per year
at each receptor. To evaluate compliance with Dade County AAQS, annual,
24-hour, 4-hour and l-hour concentrations were examined. Maximum
predicted short—term (24 hours or less) concentrations were used, since
Dade County AAQS are never to be exceeded. A 5-year meteorological data
base (1970 to 1974) from Miami International Airport was used in

conjunction with the ISCST.
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For Class I PSD impacts, 33 discrete receptors were placed on the
boundary of the Class I area (Everglades National Park). For short-term
averaging times, highest, second-highest predicted concentrations at each

receptor were utilized.

Class II PSD increment consumption and maximum impact concentrations were
determined by executing the ISCST with a radial receptor grid placed
around the Lonestar plant. Receptors ranged from 0.4 kilometer (km) to
2.8 km with a 0.3 km radial grid spacing. Lonestar and Resource Recovery
were determined to be the only significant increment consuming sources in
the area. Highest, second-highest concentrations were utilized for short-

term averaging times.

Lonestar's interaction with other sources was also examined in two
additional S5-year ISCST model executions; i.e., receptors were placed
downwind of Resource Recovery and South Florida Materials (formerly
Houdaille) in the directions aligning Lonestar with these sources. Since
the modeling for receptors around Lonestar showed that Lonestar by itself
will comply with all ambient air quality standards, the purpose of this
modeling was to determine if Lonestar would cause or contribute to
exceedances of the AAQS in the vicinity of these other sources. A 0.2 km

receptor spacing was utilized in these model rums.

Predicted short-term concentrations were refined with the ISCST for cases
where standards were predicted to be approached or exceeded. Based on
the modeling results, refinements were performed for only the 4-hour
averaging time since the Dade County 4-hour AAQS was being approached. A

0.1 km receptor spacing was utilized to refine the concentrations.
Stack parameters used in the modeling are shown in Table 7-1. The

parameters for Kilm 3 are those measured during the May 16, 1985 source

test and represent the lowest volumetric flow rate and stack temperature
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from the most recent tests. These values will result in lower plume rise
in the model and will provide a conservative estimate of maximum air
quality impacts. A conversation with Mr. Art Bolivar of Metro-Dade :
County Environmental Resources Management revealed that Alton Box, which
was evaluated in previous Lonestar Soj modeling studies, is now burning
natural gas in its boiler. Therefore, this source was not considered in
the present modeling study. Mr. Bolivar also provided updated stack
parameters for South Florida Materials based on a particulate stack test
of April 17, 1985. These parameters were used 1n the presént study and

are shown in Table 7-1.

Table 7<2 presents the maximum air quality impacts on PSD Class I and
Class II increments and Florida and Dade County AAQS. The dispersien
modeling analysis predicted that Class I and Class II area impacts will
not exceed the allowable PSD increments, and no Florida or Dade County
AAQS will be exceeded with Kilns 1 and 2 offline and Kiln 3 burning coal
with 650 1b/hr SOy emissions. The increment consumption values shown in
Table 7-2 are conservative since they reflect the entire emissions from
Kiln 3 as being increment consuming. Only emissions above those due to
natural gas firing in Kiln 3 are increment consuming, and the shut down

of Xilns 1 and 2 would provide increment expansion.

Comparison of the revised SOy impacts shown in Table 7-2 with previous
Lonestar S0, impacts (i.e., Kilns 1 and 2 limited to 125 1b/hr each and
Kiln 3 to 400 1b/hr S0,) shows that the revised SOj impacts are all less
than the previous impacts, except for the I-hour averaging time. The
l-hour maximum impacts are still well below the Dade County AAQS. This
analysis shows that the current proposal to operate Kiln 3 only and not
increase total S0; emissions will result in a net air quality

improvement.
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Table 7-1. Stack Parameters Used in Lonestar Modeling Evaluation

Source

Emission Rate

Stack

Gas Stack
Velocity Temp.,
(m/sec) «(°K)

Kiln #3

South Florida
Materials

Resource
Recovery

Stack Stack

Height  Diameter
(m) (m)
61.0 4.33
11.6 1.20
45.7 2.70

10,11 466
22.1 405
14.00 489

Sources: Lonestar Florida Holding, Ine., 1985.

ESE,

=4
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Table 7-2. Summary of Lonestar Modeling Results. Kiln 3 Burning Coal

Maximum Concentrations (pglm3)*
Scenario Annual 24-Hour 4-Hour 3-Hour l-Hour

Class I Increment Consumptiont

Lonestar Only V 0.3 2.7 NA 10.0 NA
Lonestar and Resource Recovery 0.3 2.9 NA 10.0 NA
Allowable Class 1 Increments#*¥ 2.0 5.0 NA 25.0 NA
Class II Increment Consumptiont
Lonestar Only 1.5 12.1 NA 50.2 WA

! Lonestar and Resource Recovery 1.6 1 NA 50.2 NA
Allowable Class I1 Increments*¥ 20 91 NA 512 NA
Total Air Quality Impacts
Receptors in Viecinity of Lomestar 2.1 13.4 49.7 50.2 143.9
Receptors in Vicinity of South 1.4 17.2 47.0 48.0 73.4
Florida Materials (Houdaille)tt
Receptors in Vicinity of 0.7 10.2 29.6 29.2  66.5
Resource Recoverytt
Dade County AAQS¥¥¥ NA T 28.6 57.2 NA 286.0
Florida AAQS** 60 260 NA 1,300 NA

Note: NA = Not applicable.

*Total air quality impacts for 24-hour, 4-hour, and l-hour averaging
times are based upon maximum predicted impacts. All other 24-hour,
4=hour., and l-hour impacts, as well as all 3-hour impacts, are based
upon highest, second~highest predicted concentrations.

tValues shown assume that all Lonestar emissions consume increments;
therefore. numbers are conservative,

**Short-term standards (i.e., averaging time 24 hours or less) can be
exceeded once per year.

ttReceptors were placed downwind of indicated source in direction which
aligned Lonestar with the respective source.

#k*kStandards never to be exceeded.

Source: ESE, 1985.
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8.0 PROPOSAL TO REVISE CURRENT NO, EMISSION LIMITS

The Lonestar facility is currently allowed to emit a total of 828 lb/hr
of NO,. Kilns 1 and 2 are allowed to emit 118 lb/hr each, while Kilr 3
is allowed 592 1b/hr. Considering (1) the difficulty in simultaneously
meeting both the current SO and NOy emission limits for Kiln 3, (2) the
necessity to produce a specialty cement product which restricts kiln
operating parameters, and (3) the remote possibility of restarting
Kilns 1 and 2, Lonestar proposes the following:

1. Limit total NOy emissions from Kiln 3 to 828 1lb/hr, and

2. Leave Kilns 1 and 2 on shut down status {(these kilns have not

operated since June 1982).

This proposal will not increase total NOy emissions from the Lonestar
facility of 828 lb/hr. Based upon the atmospheric dispersiom modeling
evaluation presented in Section 7.0 and by ratioing the SOy emissions to
the NOy emissions from Kiln 3, the maximum annual average NOyx impact from
Kiln 3 emitting at the proposed limit of 828 1lb/hr is 1.9 pg/m3, This
maximum impact is well below the national, DER, and Dade County NOy AAQS

of 100 ug/m3 annual average concentration.
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9.0 CONCLUSIONS
The significant conclusions of this study are summarized as follows:

o The original emission limits for S0,/NOy when firing coal in
Lonestar's cement kilns were based on source tests conducted on
gas and oil firing and available literature.

o Lonestar has changed its clinker product from Type I cement to
Type I/I1 cement and specialty cements since original permit
limits were established. 1In addition, the source of certain
constituents in the raw feed has varied., This has, in turn,
changed the raw feed composition and burning conditions in the
kiln.

o Source testing haé demonstrated that, under current kiln burning
conditions, the current SO5/NOy emission limits cannot be
simultaneously met,

o Alternative control technologies for S09/NOy, such as add-on
control equipment and low sulfur, are not considered warranted
or economically feasible.

o The propsed S09/NO, emission limits for Kiln 3, in conjunction
with the shut down of Kilns 1 and 2, will not ‘increase total
emission to the atmosphere and compliance with all air quality

standards is predicted.

An additional consideration on Lonestar's behalf is its plan to utilize
Refuse Derived Fuel (RDF) in Kiln 3. RDF is expected to be used in

Kiln 3 (hopefully late this year) in order to help reduce fuel costs and
at the same time help with the local "waste disposal” problem. By
burning RDF, Lonestar will eventually reduce fuel (coal) usage by as much
as 25 percent., Consequently, a considerable improvement .is expected in
S09 stack emissions., 1In addition Lonestar used 40,000 tons of the ash
from the Dade County municipal waste disposal plant in 1984 for irom and

alumina raw materials.
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LONESTAR FLORIDA/PENNSUCO, INC.

Cement and Aggregate Division
Post Office Box 122035

Palm Village Station

Hialeah, Floriga 33012

(305) 823-8800

January 5, 1982

Mr. Tommie A. Gibbs

Air Facilities  Branch

U. S. Envirommental Protection Agency
Region IV

345 Courtland Street

Atlanta, Georgia 30365

Refererice: Lonestar's P.S.D. Permit #FL-OSO
Dear Mr. Gibbs:

As you are aware, the referenced permit issued by E.P.A. was for the
conversion of our three portland cement kilns to coal. This authorization
established an emission limiting standard on particulates, sulfur dioxide,
and oxides of nitrogen. Lonestar elected to convert Kiln #3 first with
Kilns #1 and #2 to follow. When the kiln was converted, stack tests

were made to determine compliance with the emission standards. The
particulate emissions were well below the allowable emissions; 17.09 1bs. /hr.
versus an allowable of 53.06 1bs./hr. The oxides of nitrogen emissions’

were 582.45 1bs./hr. with an allowable of 620.80 1bs./hr. or "tests

shall be run to optimize the operating conditions towards a minimum
emissions of nitrogen oxides." Emissions of sulfur dioxide were 505.59 1bs./hr.
with an allowable emission rate of 27.51 1bs./hr. These emission

rates were calculated using the allowable 1bs./ton times the process.

weight. '

As you can see, the sulfur dioxide emissions were far in excess of .
the permitted value. I believe at this time, it is appropriate to
explain how the sulfur dioxide emissions standards were established
for Kiln #3,

When Lonestar acquired Maule Industries physical assets, it also
assumed the air pollution operational permits, The permit on Kiln #3 -
allowed firing of the kiln either by natural gas or No. 6 fuel oil

and permit provisos only required compliance testing for particulates.
During 1976 and for this permit (coal conversion) in 1979, No. 6 oil.
was burned and tests performed showing a sulfur absorption rate of -
98%+ (copy of 1979 test report was included in the coal conversion"
application). With this documentation, Lonestar in ''good faith" ) \
negotiated a permit using this absorption efficiency and gave up the N
old permit which did not limit sulfur dioxide emissions. The permit ° O(‘U‘}ﬂ,:,r
was issued allowing firing of 23 tons/hr. and a sulfur content of 2%., ‘0@
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During the compliance testing of July 15, 1981, the kiln burned 1.3%
sulfur coal at a rate of 17.5 tons/hr. In other words, the usage and
sulfur content of the coal is substantially lower than the permitted
rate. Absorption of the lower amount of sulfur input (into the process)
was approximately 55%. :

Calculations in the application shows an input of 1010.72 1bs./hr. of
sulfur while actual testing was performed at 558.1 1bs./hr. of sulfur
input and approximately 4% higher production of clinker or a substantially
lower ratio of sulfur input to clinker during testing that what was

shown in the application.

Your letter of November 16, 1981, requested an analysis of why our

sulfur absorption was lower than what we had anticipated using test data.

As you are aware, a wet process rotary kiln consists of a relatively

long steel tube receiving slurry at a given water content at the feed

end, then drying, calcining, and burning the raw material to form

clinker. To perform this function, heat is necessary. When the

absorption tests were performed high sulfur oil was burned which has

a flame characteristic that is longer, less intense, and burns the

clinker further up into the kiln. Coal flames, on the other hand,

are much shorter, more intense, and burns the clinker closer to the

nose of the kiln. Coal also has the added advantage of forming a better
coating on the bricks in the kiln giving better brick life and most

lmportant better heat retention. Along with this coal conversion,

Lonestar upgraded the kiln in various ways to promote greater energy
efficiency by installing better chain systems (heat recovery and transfer),
reduce air inleakage around the firing hood and various other less apparent
upgrades which all contribute to better usage of the energy input and o ca"\
helped account for the lower than permitted tons of coal per ton of — ‘L;,:.,r?‘,v,
clinker usage. With this better energy usage in mind, it is easy to.see ("
that the kiln is operating hotter than it did when burning oil.

To get high sulfur absorption, a kiln must operate at a high level ho
of excess oxygen. While our kiln is operating in a oxidation atmosphere CI e
(to prevent combustibles getting into the precipitators) , We mist - "', 3
closely monitor the amount of excess oxygen because as it increases et Yy,
the heat transfer to the back-end will increase and the temperatures i "9
will climb in excess of the chains maximum design temperature and melting

will occur. Therefore, we are now mmning at the maximum back-end temperature
without melting,

.
y N

e
Another matter to consider is that when the oxygen is increased sulfur lj'% %)
is absorbed into the product, but nitrogen oxides increase substantially favv e
with the high probability of us not meeting the emission standards 4
set for this kiln and contributing to the non-attainment problem which et e *
Dade County has for photochemical-oxidants. Vo, Py

We are embarking on certain further improvements to the system which we
feel will drop our sulfur emissions without overly increasing our
nitrogen oxides emissions.




4 +
0

LA L F wt gy A e

Page Three (w A. | (:.

We have made some of these improvements, but we are now suffering
from the economic crunch and this kiln is operating at only 80% of
capacity and is scheduled for shut down by the end of January. When
we are able to start-up and run at 100% capacity, we will schedule

a stack test to determmine the success of our improvements.

Enclosed is a computer model using the tested sulfur oxide emission
rate on Kiln #3 and showing Kilns #1 and #2 burning natural gas which
is the case. As you can see at the present, we are in compliance with

all federal, state, and county ambient air quality standards for sulfur

dioxide. -

Even though we are in compliance with the applicable ambient air quali
standards with which the Clean Air Act and NSPS standards are based
on, we are still not able to meet our BACT permit at this time.

Cne more point to make is that we are confident that we can continue -
to secure coal contracts which will provide us with 2% sulfur coal.

When the economic situation turns favorable for our operation, we will
then re-test our Kiln #3 to quantify our emissions and make the
appropriate requests to rectify the discrepancy between our permit and

Oen-

01\\‘U\U <

G
2% 3 Ceal
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the actual emissions. At this time, we are skeptical of the smaller’ Duér'\&t

Kilns #1 and #2 being able to meet their BACT emission limitations,
but feel that negotiations on these would be frivolous wuntil we have
resolved Kiln #3.

Lonestar wishes to continue it's good working relationship with E.P.A.
and opens it's doors to any assi ance or questions you may have.

Sincerely,
(P22 T

Albert W. Townsend
Coordinator of Ecological Pl

AWT/dc
enclosure

CC: C. Metzgar
D. Coppinger/T. Mende:z
M. _Reid——
F.D.E.R./enclosure
.C.E.R.M./€Ticlosure
D. Buff, E.S.E.

b
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6451 N. Federal Highway

Fort Lauderdale, Florida 33308
Post Office Box 6097

Fort Lauderdale, Florida 33310
{305) 491-0900 ‘

.

’? LONESTAR FLORIDA PENNSUCO, INC.

June 18, 1982

Mr. Thomas W. Devine, Director

Air & Waste Management Division
U.S. Environmental Protection Agency
345 Courtland Street

Atlanta, GA 30365

Reference PSD-FL-050; KILN # 3 A,
g
In accordance to your letter of March 4, 1982 and pursuant to {W\' ‘3\\?_
Section 114(a) of the Clean Air Act, enclosed please find a source /\"'. td‘\"
" test for particulate, sulfur dioxide and nitrogen oxides on our \»
Kiln #3 conducted April 30, 1982.
In conjunction with the source test a pre-test meeting was held with W2

Mr. Jim Littel of EPA in which it was decided that due to an obstruction .U;} e
of one sampling ports, three ports would be utilized with an expanded

number of sampling points per port. This decision was predicated

upon two conditions. One, that the source test could be used to

satisfy the Section 114 requirements and by Lonestar to generate data
necessary to renegotiate our emission limiting standard for Kiln #3.

Two, once a revised emission limiting standard has been established,

if necessary, we would retest Kiln #3 for full compliance purposes using
required test methods.

As you can see from the results of the source test, our sulfur dioxide
‘emissions during the test were 635 pounds per hour. These tested
emissions surprised us in the light of the on-going improvements to

the kiln system to reduce the sulfur dioxide emissions from the level
reported during the initial July 15, 1981 test. An expanded source test
consisting of six one hour sampling periods was conducted in-house on
May 11, 1982, and showed a marked increase in sulfur absorption in the
kiln system with a resultant reduction of sulfur dioxide emissions. The
results of this expanded test showed sulfur dioxide emissions to be in a
more realistic range of 300 pounds per hour.
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This test data along with revised modeling analysis addressing all
significant changes, and other necessary information needed for
consideration of a.revised emission limitation, is being put together
for proper submittal. Unfortunately, the current economic situation
has caused a shutdown of the entire cement production facilities which
may cause a delay in acquiring some of the necessary information.

Additionally, please note the corrections on Page 1, and 2 and Page

2 of the Appendix C to the submitted test report. Should you need
anything further regarding the source test, please feel free to contact
me-

Sincerely,

&

NQ.\“\
Scott Quaas
Environmental Specialist

Attachments

SQ/jh

cc: D. Coppinger
A, Townsend
T. Mendez




Cement and Aggregate Division
Post Office Box 122035

Palm Village Station

Hialeah, Fiorida 33012

(305) 823-8800

"ﬁf LONESTAR FLORIDA/PENNSUCO, INC.

November 19, 1982

CERTIFIED MAIL -~ RETURN RECEIPT REQUESTED

Mr. Thomas W. Devine, Director

Alr & Waste Management Division
Environmental Protection Agency - Region IV
345 Courtland Street

Atlanta, GA 30365

RE: PSD-FL-050; Lonestar Florida/Pennsucd, Inc.;
Kilns 1, 2 and 3; Request for Revision of Sulfur
Dioxide Emission Limitations

 Dear Mr. Devine:

In accordance with my letter to you dated November 2, 1982,
the following items are enclosed to assist your office in
revising the above referenced permit:

1) A revised air quality modeling analysis addressing
significant changes which would influence the model predictions
and which shows compliance with applicable ambient air guality
standards. :

2) A revised BACT analysis showing that alternate controls
for S0, emissions are unwarranted. Retrofitting the three
existing kilns with additional or alternative control devices
would have only minimal effect on emissions, would have an
insignificant effect on reducing ambient air impacts, and would
prohibit the company from implementing the complete conversion of
its kilns to coal. The analysis also contains an explanation of
operating variables in a Portland cement kiln and the resulting
effect on SO; emissions.

3) A summary of recent stack tests including SO absorption
calculations with resulting emission estimates for kiln 3.
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Mr. Thomas W. Devine, Director
November 19, 1982
Page 2

Based upon these materials Lonestar respectfully requests a
revision to the SO, emission limiting standards in the above PSD

permit as follows:

Kiln 1 100 lbs/hr.
Kiln 2 . 100 lbs/hr.
Kiln 3 400 1lbs/hr.

We look forward to answering any questions you may have and
meeting with you at an early date to discuss this request.

Sincerely,
ci:xtﬁxﬁji;::)mﬁwdﬂ

SCOTT QUAAS :
Environmental/Specialist

cc: S. Smallwood-DER
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LONESTAR FLORIDA PENNSUCO, INC.
BEST AVAILABLE CONTROL TECHNOLOGY

Operating Variables that Affect SOQ Emissions

During the operation of a wet ‘process cement kiln there are
several process variables that will affect the emission of SOp

from the kiln's stack.

The major variable is the oxygen content of the kiln and its
possible reduction/oxidation =zones. The sulfur that has the
potential to form SOg comes from the kiln feed, fuel and
insulflated dust. Depending on the oxygen content in the kiln,
fhe sulfur from the kiln feed will either stay as an oxidized

sulfur compound or will be reduced to S0O9. Oxygen contents below

about 0.5_percent will _tend-to-—generate..SO3 while higher oxygen
\___._.-——-"‘-. -

contents will retaiq‘iﬂgﬂggligf with the feed and eventually in

e -

the clinker. This is basically a surface reaction of sulfur
—— T .

oxides on MgO and CaO particles and proceeds until MgSO4 or
CaSO4 have encapsulated the particle and it has diffused to its

interior.

As the fuel burns, sulfur oxides are formed in the oxidizing area
of the flame. With sufficient oxygen and contact in the kiln
with the feed material, compounds such as calcium sulfate are

formed and retained in this material.

ey
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As the feed material is calcinated and reaches the point of

insipient fusion (clinker formation), potassium and sodium oxides

‘are volatized and combined with available sulfur oxides to form

alkaline salts in a gas reaction. These _gglts are very fine
particles that Aafg caught in the pollution control equipment

downstream of the kiln. The return of all the dust to the kiln

“(insulflation) 1is performed as Lonestar’'s kiln #3. The

insulflated sulfates are eventually retained with the clinker as
were the sulfates in the feed material and sulfur oxides from the

fuel.-

The overall effect of excess oxygen.in the kiln is that less than
0.5 percent will enhance SO, emissions and excess oxygen in the

range of 0.5-1.5 percent will significantly reduce emissions.

—-_— - _—— e ———

" The use of excess oxygen greater than 1.5 percent can cause

operational problems (too hot of a backend kiln temperature,
improper clinker burning zone; kiln dusting) as well as wasting
fuel by heating the excess air. The use of too little excess
oXygen causes incomplete combustion and very unstable operating
conditions. When an electrostatic precipitator (ESP) is used,
the carbon monoxide generated can cause explosive conditions in

the ESP.

Other variables for the emission of S09 are sulfur content of
fuel, chemistry of kiln feed and kiln ﬂust, NOy formation and

unstable kiln conditions. These factors can be significant as to
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SO9 generation, but for the specific 1long term operating
conditions at Lonestar's kilns they are not considered as

important for this analysis as is excess oxygen content.

Control Technology Available

The two types of particulate control equipment typiecally used to
meet New Source Performance Standards (NSPS) and Best Available
Control. Technology (BACT) review criteria are electrostatic
precipitators (ESP) and baghouses. Historically, there has been
very little success in using baghouses on wet process kilns due
to condensation, temperature and maintenance problems. Baghouses
are usually multicompartmental with thousands of fiberglass bags
for filtering the dust from the kiln gases. The collection is
done on the dust vake which forms on the dirty side of the bags.
When a kiln is started or stopped, fhere is potential for the
filter cake temperature to fall below the dew point uniess heated
by a separate heat source. If condensation does occur (the usual
moisture content of the exhaust gases is 30 percent) this cake
will harden and permanentl& blind the bag. Another m;jor problem
with baghouses has been the inability to sustain the high
operational temperatures without gas conditioning eqﬁipment
(dilution air). During unstable kiln conditions this ecan become
h problem to adequately cool or heat the bags to .preveﬁt
excursions of their temperature limits or cooling below the dew

point.
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Another operational problem with baghouses has been maintaining

the thousands of bags; The fiberglass fibers will fatigue ?ith.

‘time or fail due to condensation or temperature and can develop'

pin hole leaks that will necessitate patching or bag replacement.
Therefore, a routine maintenance program is & necessity to

monitor the conditions of the bags and maintain the reliability

-of the system.

ESP's, such as those presently installed at Lonestar's kilns, do
not have condensation, temperature, or maintenance problems.
They do not require any auxiliary heating and can take relatively
large fluctuations in gas temperatures without problem. An ESP
is designed to have extensive internal maintenance during annual
kiln shutdowns and not on a daily basis. It has multi-stages
that the gases must travel through (not just & thin filter cake)
for collection of the kiln dust. These stages are individually
controlled as to voltage, amperage and cleaning cyele.
Operational problems in one stage can be compensated for by
externally adjusting the other stages. ESP's do not have the

daily maintenance problems associated with baghouseé.

With regard to SO9 emissions, approximately 75 percent of the
SO is absorbed by the proper burning of the kiln and ié
incorporated in the eclinker. EPA has stated that due to the
gases having to pass through the filter cake an additional 50

percent removal of the remaining 25 ©percent {that is,
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approximately 12 percent) of the SOg may be achieved. This was
developed through review of limited testing data on several kilns
in the early 1870's; hoﬁever, no actual tests comparing both
control deviceces under the same operating kiln conditions have

been performed.

Furthermore, the reasonableness of that 50 percent additional
removal is questionable. 1In & baghouse system, the gases quickly
move from the inlet manifold to a compartment and through a
filter cake (approximately 1/4 inech thick) and back to the eclean

air plenum. The residence time in the collector is mueh less

.than in a precipitator. The additional residence time in an

electrostatic precipitator (ESP) allows for longer reaction time

with the dust particles for good absorption.

Envirenmental Impsacts

The ambient air quality impacts due to conversion of Lonestar's
kilns are addressed in the accompanying dispersion modeling
evaluation. The predicatéd impacts reflect SO9 emissions using
ESP's. Lonestar's maximum annual and highest, second-highest
short-term predicted SO3 impacts with ESP control are showﬁ below

in terms of percentages of the AAQS and PSD increments consumed:
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Percentage of Air Quality Standards

Consumed by Lonestar Kilns 1, 2 and 3

Averaging Class I Class 11 Florida Dade County

T ime Increments Increments AAQS AAQS
Annual 15% 11% 5% N/A
24-Hour | 58% 18% 6% 59%

4-Hour N/A ' N/A N/A 97%

3-Hour 56% 12% 5% N/A

1-Hour N/A N/A N/A 37%

N/A - Not applicable

Retrofitting all three kilns with baghouses, and adopting the

undocumented assumption of 50% additional removal of the SOg,

would reduce the percentages by one half. With existing ESP
eontrol, however, Lonestar's hnpaéts are predicted to be less
than 20 percent of Class II increments and Florida AAQS.
Therefore, reducing these impaets by 50 percent would not produce
significant air quality benefits. In the case of Class I PSD
increments and Dade County AAQS (the most stringent standards),
Lonestar's impacts do not exceed 60 percent of those standards,
except for the 4-hour Dade County AAQS. Therefore, even if a 50%
reduction is assumed to be achievable, the ultimate benefit to

the environment of such a reduction is not significant.
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The impacts presented in this analysis represent the combination

of maximum Lonestar production capacity eand worst case
meteorological conditions. For the majority of time, actual
impacts due to Lonestar are expected to be far below. these

predicted levels.

ECONOMIC ANALYSIS

An economic analysis was performed for retrofitting baghouses on

kilns 1, 2 and 3. The hnalysis was performed using brocedures

~deseribed in the August 1978 through November 1978 issues of the

Journal of the Air Pollution Control Association (Volume 28, Nos.

8-11) in a series of articles entitled "Capital and Operating

Costs of Selected Air Pollution Control System."

Purchased Equipment Costs: ) .
- K 1 K 2 K 3

Flow rate, ACFM 82,000% '82,000% 311,400
Air/Cloth Ratio 2:1 2:1 - 211
Total Net Cloth Area (ft2) 41,000 41,000 156,000
Total Gross Cloth Area (ft2). 46,000 46,000 164,000
Insulated, suction baghouse 243,000 243,000 815,500
Bag Filters $ 96,000 96,000 342,000
Fans & Motors $ 13,000 13,000 41,000
1977 $ 352,000 '352,000 1,198,500
X 1.6 = 1981 $ 563,200 563,200 1,917,500
Gas Conditioner 25,000 25,000 50,000
Total 1981 $ 588,200 588,200 1,967,500

* Average of Kilns 1 and 2
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Installation Costs:

Item

Foundations & Supports
Erection & Handling 0.50 x 2

Electrical

Piping

Insulation

Painting
Engineering/Supervision
Construction & Field Expense
Constructiqn Fee

Start-up

Performance Test
Contingencies

Total

Total Installation Costs:

Kl- 588,200 -
K2- 588,200
K3- 1,967,500

$ 3,143,900 x 1.67 = $5,250,313

Total Costs:

Cost Factor

0.04
1.0 (retrofit)
0.08
0.01
0.07
0.02

0.10

Total equipment and installation costs are estimated at:

$3,143,900 + $5,250,313 =

$8,394,213
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This does not include operating or maintenance costs.

Cost Benefit Analysis

Although no test data is presented to support the claim of an
additional 50 percent SOg removél through the baghouse, for
purposes of this analysis the 50 percent removal was assumed.
Kilns 1, 2 and 3 are proposed to emit a total of 600 lb/hr of
SO9. = Based upon maximum capacity and year-round operation, a
reduction of 50 percent in emissions would equal 1,314 tons per
year of SOg9. The total cost of installing baghouses on kilns 1,
2 and 3 is estimated above at $8,400,000. This cost is extremely
high and does not include the substantially higher
maintenance/operation costs of a baghouse. Considering that the
existing ESP system is already removing up to 80 percent of the
potential S0O9 emissions’ from the kiln system, the additional
costs a baghouse system would impose wupon Lonestar are not

warranted.

Summar

The question of SO9 emission control in a wet process cement kiln
is not one of control equipment (which one has better control)
but concerns the maintaining of sufficient excess oxygen to drive
the S09 1into the clinker material. At Lonestar's facilities the
oxygen is maintained in this range (above 0.5 percent) not only

for SOg9 control but to provide for complete combustion of the
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coal and economie benefits., Additionally, SOg9 emissions will be

cdntrolled by utilizing coal having a sulfur content of 2 percent

or less.

Alternative controls for . SO03 emissions were rejected since

retrofitting the three existing kilns with =&additional or

“alternative control devices would have only a minimal effect on

emissions and would have &an insignificant effeet on reducing
ambient air impacts. The costs of retrofitting would prohibit
the company from implementing the complete conversion of its

kilns to cosl.

-10-

FRFIVINNY vllL Z 2.1 331 306

. 150.1 0il 3 2.1 . 279 2358

150.1 0il 4 2.1 478 442

v 150.1 0il 5 2.1 469 &34
AVERAGE | . 374 346

*Based on the same gas flow rate as oil firing,
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'Introduction

The cement industry is one of the natxon S most energy-
t. sive industries - vhere mqre energy is consu med producing a

) do]]ar{s worth of product than for eny-other m:jor product. A
report issued'by the'Cost of Living Council in 1973 shows that
the energy cost for cement was 43 percent of t—= product, This

- figure has cont1nued to r1se with the lncreesz 13 cost of fuel.

- The cement p]ants of Scuthern California have usad natural gds as
fue], w1th oil as a standby energy source._ Th_ high avallab111ty-
'of natura] gas. ease of handling and its cheap cost conpared to

- other fueIs were the. naJor factors for contlnu1ng its use. How-

- ever, with the grow1ng shortage of natura] gas, estmmates by the

1

Californ1a Pub11c UL]]]tTES Comnission that no’ gas supplles will

pd
f

be avallable to major industries by 1980 and 1erge pr1ce 1ncreases

. - . . . . ‘ "
. . . - : .
- ' N .
- R .
*
.

' (38 percent 1n 1975) ‘for gas, the cement 1ndustry bogan converSIOn
to fuel 0il and coal. A ‘ _ _.
The South cOast Air Qua11ty LBHQQEmEﬂL Dlstr1ct (SCAQ 40) has
four cement companies (operat1ng 51x dszeren -ac111t1es) under
1ts jurisdiction. All of these fac1]1t1es are located in the -
Eastern Zone of the D151f1ct, with five plants in San Bernandino
County and one plant in’Riverside County. The SCAQMD was formed‘

on Februaryil, 1977, as a successor agency of the Southern

California APCD. That APCD, in turn, had been formed on

* B ama— .
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‘compliance and emission inventory information.

‘tries in the county were also tested on an annual basis

July 1, 1975, from the Los Angeles, Orangé, Riverside and san

Bernardino County APCD's. A1l data referenced in this report was

collected by the same group of personnel - although ths organiza-

tion changed names. . .

-

Background

The San Eernardtno County APCD began source tEStlng for nox

'em1551ons in 1969970 for all industries tn the county for both

- The larger indus-

-

» begin-

ning‘in 1972. Variations ih.NOx emissions from ona facility

vere observed, but 1nv stigation as to the cause was not pursued

at that t1me. The emission lnvengorles showad that the cannnt

1ndustny c0mparat1ve]y was a very Targe NOx emitter (Table 1)

in San Bernard1no County
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TABLE 1 :
_ HOx Emissions from E
. ) San Bernardino County Cement Plants 3
: ' o : NOx Emissions a
Facility : I {Tons/Day)* -
California Portland Cemznt Co., Colton ' " 19.10 - . ‘_é
Riverside Cement Co., Oro Grande . - . 25.66 ~ . " F
Kaiser Cement & Gypsum Corp., Lucerne Va]]ey . 20.42 .
Southwestern Portland Cement Co., Yictorville ' 7.0 - .
Southwastern Pertland Cemewt Co., Black !oun;ain - 13.88
| | TOTAL. 85.62

"*Based on an average’ rate of 80% product1on. naturaI gas for fuel. A ";

NOx is reported as NOp.

»

Fuel Cnanges and Effects Upon Po]]utants

R1vers1de Cement Company and California Portland Cewent

_Conpany flled app11cat1ons in 1974 w1th the District to convert
th°1r rotary kilns to coal flrlng Review of these app11cat10ns,--‘
in cons1der1ng the poss1b]e changes ln emlss1cns led to the

fana]ys1s of the_data collected frem source tests on cement kilns.

Lo

- Ana]ys1s -of these data: revea1ed.

(1) The sulfur 1n.the fuel o0il was" absorbed in the
clinker manufacturing process (as sulfates or
sulfides) and/gn]y very small amounts of sulfur

_ dioxide would be emitted to the atmosphere. It
. - was expected, therefore, that the sulfur in the
- ' coal also would be absorbad and would not cause

N T .any violaticn (500 ppm 1imit) of the D1str1ct s
‘ 502 rules. - ‘

3
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“ tion in the k1]n. the result is Iouer NOx QEDEIQLTOH uhan burning ik‘p

- fuel 011 in the cement k11n - compared.to natural gas. The use

(2) EXlStlng air po]]ut1op control equipmznt could 2t
adequately control any increase.in particulate ‘

e matter expected from coal use.’

(3) The use of fuel oil sho:ed a reductlon in KOy
emlsstons, .compared to HOx from natur:] gas. .

lt 15 be]1eved that wvhen burning fuel 0il in the cenent k11n_

that at can more read11y be burned WIth a flams that is 1ess

oxldiz1ng than the f]ame resultlng from natura] gas combuystion. %9”

{1t wov]d appear to be a "lazy"” f]ame pattern vhan v1ef=d through _\\ ¢ p
Qb

© flaze ports ) With these d1fferences in the l1net1cs of COmbus- O

%

" -

" of coa] for fue] should result in an even furthar reduct1on of . dA'ijiiq.-
‘NOx em1551ons since 1t typlca]]y produces 2 ]on;er._"1321erl C; &i;~‘.
flame (w1th loxar temperature in the center of. the flame) th;e $
does fue] 01] combust1on in the cement k11n. In rev1ex1ng appll: :

' cations frem the cement plants, the "Perm1ts to. Construtt“ vare |
approved since 1t was ca]cu]ated that an overa]l reductlon 1n
em15510n5 into our air bas1n would occur._

" The convers1on;to‘;e21 was completed by lovember 1974 for
tﬁe Riverside Cement Company and by May 1975 for the California

_ qut]and Cement Company;' Southwesterp-Portland Cement Company
and kaiser Cement & Gypsum Corppratioe switchad over from

1




natural gas to fuel oil combustion in 1976. Source testing of
these units has_indicaféd”that a substantial reduction occurred
in MOy emissions.intb the atmosphere. . IR S

.
<

. TABLE II° T ae=
ol Nox Reductions'in'Cement Kilns '
T -+ - Due to Fuel Changes

- . . B .
.
.

10y EMIssious(l) .

-

L {TONS/DAY) PERCENT
FACILITY . Gas . 011 ~ Coal ReDUCTION'
) . kalifornia Portland Cement | 19.10 | 4.58(2) 3.50 |76(2)/81.7
.Riverside Cement 25.66 ——— 7.75 < 69.7 )
iaiser Cement & Gypsum . 1 20.42 | 15.46 -—— 24.2
Southwestern Portland Cement ; - _ .- |
“{victorville) - - 7.0 | 4.30 -] 38.2
Bouthwastern Portland Cemaent. _ . ' ) ‘
(Black Mountain) : 13.44 | 12.06 --== | 10.2
TOTAL | 85.62 : 43.07 - 1 49.7

f(l)Basgq on Bbzlproducﬁion rate. 10x is measured as NOj.
(2) ver

' -4 . oo
Hot used at this fgrﬁ]ity since conversion to coal.

. ' " ¢ ’ N,
P} .




Table 11 shows that larger reductions fn 0z emissioes are
accomplished u1th conver51on to co=] -firing versus 011 flllng.
:Hlth the growing scarc1ty of petroleum products, there would be
more advantages in the ]ong run for cement plants to convert to
coal- f1r1ng (dlrectly from patural gas) rather than to oil- ~-firing;
even though a convers1on to oil-firing would somewhat reduce uox

emissions into the atmosphere.-‘Kaiser-Cement & Gypsum Corporation

 has filed an application for coa] conversion with the D:strict

- and Southwestern Portland Cement Ccnpany has approved funds for

coa] converSIon

- .

-

Test hethods and Procedures ] | B .

Two test methods Jwere used in obte1n1ng the data (Append1x A) i

'wh1ch is the approved California Air Resources Board and U S.
.Env1ronnente] Protect1on Ag :ncy re.erence methed, was used a]ong
w1th a cont:nuous ‘electrochemical cell analyzer (Envzrometr1cs)

and recorder. .Both methods vell comp11mented each othar although-

the ana]yzer was not obzained until 1972, Some early PDS data
was considered invalidated when 1t was ihdicated that NOx concen-

trations were over 1,600 ppm. For NOx values near or over 1,000

‘

ppm, the chemist perforiing the POS analysis must be aware of the

G oS S0 S0 ay am A & . em O = '!I-! | TN o l-!!”. II!F?E L
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presented 1n th]S report. The Pheoo]dwsu]fon1c Acid (PDS) nathod ?
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potentaa!]y h1gh conccnuration so proper steps in the p:eparat1on

. .

.o .
.

.

of aliquot portions can be talen to assure accuracy in the ana]y~
.51§. DR . : |
L The contlnu0us ana]yzer revealed var1at1ons in emwssuons
‘throughout the process operations (F1gure 1). For example, the
concen;ratlon range for one.test‘was 950 to 1,659 ppm'ﬁox, vith

aﬁ avérage'bf 1, 450 ppm:i For.thiﬁ example, the PDS valuea could -
-vary greatly depending upon hhen the ’grab samp1e“'ﬁa§ taken, .

_ w1th respect to hmttlng peaks or vaiTeysf,in the NOx versus -

"t1me curve.

Em1ss1on Factors

. The five p]ants tested have dif‘erent con.1gurat1ons of ex-- -
haust gas duct}ng and §1ftcrent ;ypes qf_qontrol sy;tems. Thjs o
lrasu]ted'in‘diffe%ent excess-air concentrations fofaach-tésﬁ.
§if§} Ta_Qpia{n‘a cor?e]ation of kOx emissions into the atmos-
bhére, emiss%on factors'were'ganeratad.~ These are llsted 1n.1
Tables 11, IV and V. and d1v1ded into catagorxes dependent upon

" (1) fue) use, (2} type‘pf p*ocess and (3) production rate.
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Conciusions-and Recommnendations

Tab]e VI is a summary of the emission fac;ors genﬁrated and

7FIgures 2, 3 and 4 are pTots of the em1551on fac;ors versus kiln
capac1ty. The fo]]o:lng conc1u510ns are lndlca»ed from th1s data:
‘.u' (1) Emission factors vary great]y dapendxrg upon fue1

' RS . type of process and kiln size.

B

(2) There isa s1gn1f1cant reductaon in POQ emissions
- when either oil or coal is used for fuz21, versus
5 natura] -gas. - 1t -uppears that greater reduct1ons
. -in emissions are available for coa] f1r1ng versus
- oil-flrlng (Table Il) :

s {3) The emission factors for vet- -process cpzrations

4. tend to be lower than for those uxth d'y process
< operat1ons (Tab]e VI)

Ehiaiasi b B § 4.5 I .

" . {4) As the capacity of the kiln increases, the em1ss1on_

. i *.. factor decreases for dry- -process operaglons {Figures

... 2 and 3) while the reverse is indicated for wet- '

. process operations (F1gures 2 and 4}. There can, --

" -however, be a larger i0x variation betuzen kilns - B '
. of the same size - esP°c1a11y the smal ar units g : '-Qﬁ*

Vel oL - (Figures 2 and 3). - ' “J

o : . . . . . S - N«-y
o S (5) The emission factor and NOy reduction from natura)l A
' " gas-firing versus oil-firing, for dry- -Frocess kilns §> “ﬂag
of 100,000 1bs/hr of clinker, were much greater
than for a 175,000 I1bs/hr kiln (respactively 4.53
1bs/ton and 76. raduction versus 12.05 1bs/ton and

|

i

|

l- ; o

. L. 1o Z,redu:.tld.p)'
l )

|

|

|

LA Saohtot4 & T

(6) The NOx emission factors depand upon a nuﬂber of
variables, and the use of only one factsr should |

R} o be discouraged in estimating NOx emissions from
. ' cemant Kilns.
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Some of the more 1mportant variables hqve been covered in

this paper although other factors, such as d1am_5er of kiln,

length of fire zone and dvel] -time bﬂfore em1tt1ng into the atmos- | . ;
phore, shou1d be 1nvestlgated before develoning a fam11y of curves.

for cemont klln NOx emission factors.
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Emission Factors for Cement)Kilns

YABLE 111

. Using Natura) Gas

e

" Raw Material Feed

Emission Factzr (1bs. NOx/ton)

“"Raw Material fFeed | Ciinker

Kiln

(1,000 1bs/hr)

Dry Process Units*

RC1 -

‘RCZ
RC3"
RC4

"RC5

C U RC6

" CP1

P2

B
. B

‘._-_Het‘ProceSS'Unitsf

Sus

 SHo -

W7
s

cL . swe

. Kel
Xe2
KC3

2 10

ol
14.3
. 13.9

12.6 .

13.7
12.5

15.8 .

13,6

11.9
- 10.9
- 11.7

d
]
~J

] f _.' B l
bW wLom
. ® « = & = @

. 22.4

PN bt 1
VOoOONWNO
. . .

O NWWUNON WUV WY
.,

t4
d ¥ ;‘.""

o,":ﬁo .

21.8

. 19,7
21.4

i9.6 .
24.7 ‘h‘.
20.5 -
18.7

- 16.9

18.1

)

- H'
00 00 U s OVOD
N
. "\:
-

ndon ’

- [ ] - »
PLURONO RO

*RC = Riverside Cement, Oro Grande; CP = California Portiand
Cement, Colton; BM. = Southwestern Portland Ce-2nt, Black
Hountain; SW = Scuthwastern Portland Cement, Victorville;

"~ KC = Kaiser Cement & Gypsum, Lucerne Yallay ‘
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' : TABLE 1V
' . * Ennsswn Factorsxfmnt Kilns-
S UsmgVFue] 0il
g T “Paw Haterial Fead _E_:glssmn Factor (ibs. _Q tonl
. : Kﬂn {1,000 ibs/hr) ___Raw ¥ atema] fced i 1
o Dry Process Units -
' (3 168 . 1.6 C2.6-4
o S © 168 . . 4.1 6.9
P2 168 - 2.9 4.9
. o 168 . : . 2.8 4.6
B ‘240 | . 10.5 - 16.1 - M-
'. . Vet Process Units - T | ) o L e
Sz ' 49 3.7 5.7
- 0 ag 7.9 > o12.2-
' sw9 . . 41 2.3 ~ 3.5¢¢
Xc1 92 2.8 . . . 4.4
- .r .92 2.9 4.5
.' KC2 92 - 3.0 4.7
_ .. 92 3.1 4.8
| k3 184 5.1 7.9
'_ N . - ‘ ' .-.:r” .
_ s
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- TABLE V
Emlssion Factors*f0P~Cement Kilns
- Using Coal .
D " Raw Material Feed AfEmiSsion Factor (1bs..ﬂ0xltoﬁ) |
.Ki]n --(;.OOO'Ibs(hr) Raw Haterial Feed [ Clinker
Dry Process Units p A
RC2 64 . 1.4 2.2
L 64- ..3.6 5,7
RC3 - 64 - 4.4 - 6.9
. 64 4.9 7.6
RC4 64 - 5.4 8.5.
' 64 - 5.6 . 8.6
RCS 64 6.2 9.7
- 64 6.2 - 9.6
RCe 65.7 4.1 6.4 .
cPl 161 2.0 : 3.3
171 2.9 AT
cpP2 159 2.4 \ 3.7
v . a 157 1.9 - 3.1 .
. . T
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TABLE VI ‘ ' .

Summary of NOz Emission Factors
for Cement Kilns (1bs. Dx/ton of Cllnker} -

Type of g
- Cément- Manufacturing
Fuel Process - Range Average

Gas - Dry . 16.9
Gas. - Het - 5.0

0i1 Dry
Het

Q
wady
b

LRl

Dry - 2.2 to 9.7
Ve R 0.7t

I nging
o
+»
L]
b |
ny
o
]
-~

-

.n.-..\a
ua-d

-] i) gl
&wﬁq‘c’q}-ﬁ- -

*-fw-
-“

' laf"‘ﬁé{ 7. "’ q::ﬁb

-!rb_‘?:.




- s

.

.

.
-
. -
-,
-
e -
.

~ APPENDIX A

~ TEST DATA USED FOR REPORT

-
-
b4 -

-
»

- . .

.
-
.
.

. saew .

-

L]
*
. . .
.
.
. .
.
e '
. [ *
L 4
1 e
-
/ + .
.
.
.
L]
.
R I . S LI
.
. - -
tet b e b e -——— . wm eea-
.
.
. . .
N

‘h.‘ "-'.
W pay T

s R,
I T )

TV AN

P




) ' ' | o - Clinker o ' Emission Facthi
3 .Capacity Test Raw ¥aterial Production : Flowrate, NO2 Emissfons  Raw Material | Cl
ytnit _dl/cay Date . 1bs/hr Tons/hr Fuel DSCFM Poi_J_Jbs/hr _ (1bs/ton)

; " Dry Process, - | _ o o ,

Al T 6,500  12/26/76 - 151,000 - - 50 . ' Coal 138,555 -, 220 221.9. T 2.94 4
ey . - ~ (+ 20,400 coal) . _ - A ., o -(2.8) (4

Ko, 6/15/76 .. 161,000 » - 50 Coal 150,000 150  165.1 2.0 3

it e U Gas 140,500 1,000 1,023.2 , 13.5 2
VIR 1/26/70 © 168,000 . . 011 27,900 142 132.3 1.6 2

|5 v 410 N LT 27,900 32 - MES AT

o ——

©12/20/76 - 159,000 - - 50 - Pctroleum - 139,597 183  186.0 - ;2.4 3
: - Coke & 011 - ' L

6/15/76 157,780 - 49 Coal 135000 157 1547 . 1.9
wnens - Gas 16,600 880 _ 939.4 1.9 1

g
N 8
-
N_-
o
h
[ 47 ]
o
[ ]

-
—
e
TR o i
R R e

o

= et
5,
[ & T %

)

4/20/70 168,000 - - o oil 1es0m o 17e . 2637 2.9

1/28/70 R 011 188,000\ 168  231.4 - 2.8
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, | - _— L T L - Emission Facte
hh - {.Capacity ¢« Test .- Raw Haterfal: .- - +Flowrate -+ NO2 Emissions = Raw iaterial [ C]
A unit . gbl/day ‘ Date . - losfhe ..o oo - --Fuel .. OSCFM .- —-‘FITM [ Tbs/ar - (1bs/ton) '

¢ 1 et Frocess

3 . . Solids | |

1KC] 4,000 3/5/76 136,400 (92,300) 011. 77,939 - 493 279.0 4.1
' o - : o - 0i1 . 73,630 503 250.0 4.3

s/2/72 - 142,888 Gas 60,933 - 770  341.7 4.8

N e
-

e
PSRN,
x - -,
[ ]

FLTE
- I
.

)

]
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fiei]- Unit  dol/oay .. Date . los/hr - . Tons/hr - Fuel -~ DSCFM- PP _- 1 lvs/ar (1bs/ton}
ol pry Process o
Kl et 2600 0 3n9ma - T eas L as,9n7 1,288 458.6 14.3 2
B0 nc2 - 2,600 5/25/76 64,0000 © 20,51 Coal 45,990 135 45.2 1.4
i o . . Coal. 44,478 60 . 116.6 3.6 |
NS . 3/19/74 . .. Gas 44,478 1,382 447.6 . 13.9 2
1 - ' o - - © (1,050-1,640) - . |
Gl RC3 T 2,600 . 5/25/76 V364,000 . 20,57 Coal 46,520 - 417 -141.2 4.4
il | | I . Coal 40,295 535 156.9 4.9
gl e ~ _Gas . 40,295 1,380 404.9 - 12.6 1
i | O | ©(990-1,520) . -
Oy Rea 2,600 5/25/76 - 64,000 - 2051  Coal 59,940 390 173.7 5.4
P | L I Coal, - 59,000 170 73.0 5.6
w%? Caneme T . Gas a-44,000 . 1,375 . 40,0 © 13.7 2
- ‘..' ‘i . ,.
i Res 2,600 -5/25/76 - 64,000 . 20.5] Coal 58,794 4G5 199, 6.2
S ~ o e, . Coal 58,800 1460 196.9 6.2 :
) e : Gas = 48,900 1128 401.6 12.5 1
.ga\': ' o ' ' (920-1,200) L
o
WSl Res 3,000 0 M/12/75 63,000 20.19 - Coal 44,662 400 129.5 . . 4.1
It 3,000  7/28/74 65,700 ., " 21,05 . ‘'Gas . 36,710 , 1,158 . 520.4 . 15.8 2
k| - : , 17,997 1,609
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Capacity  Test Raw Faterfal  Production _ Flowrate =~ " N0O2 Emissiors ‘Raw iaterial | Clinker
Unit __Bnl/day . Date 1bs/hr ' . Tons/hr - -Fuel.  USCFid PP |- 1bs/ar " (1bs/ton)
Solids - Wet Process Y |
S5 T 1,300 4/26/74 29,150 . 9.5  Gas . 25,19 1,400 . 274.7  18.7 " 28.9
S B - (950-1,650) e
Sws 2,200 3/21/74 ' 49,300 16.0 Gas 38,3713 836 233.6 8.5 14.6
. . - - - (r00-900) ..~ -
5/12/70 - 39,720 12.9 Gas . ..29,601 362 78.2 3.9 6.1
'=3 SW7 2,200 -5/12/70 40,610 130 Gas 30,948 - 297 66.9 3.3 5.1
i : 5/1/70 50,240 16.2 Gas 42,02} 420 130.9 5.2 8.1
4/29/76 49,318 16.0 Git 38,240 330 91.9 . ‘3.7 5.7
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R w9 2,200  3/21/74 - . 40,400 13.1 t. Gas . 36,333 631 166.9 8.3 12.7
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LONESTAR FLORIDA/PENNSUCO, INC.

* Cementand Aggregate Division

Post Qffice Box 122035
Palm Village Station
Hialeah, Florida 33012
{305) 823-8800

April 25, 1980

Mr. Jack Preece

T.R.W. Envirommental Engineering Division
Progress Center

3200 E. Chapel Hill Road/Nelson Highway
P. 0. Box 13000 :
R.T.P., N. C. 27709

RE: Lonestar Florida Pemnsuco, Inc.: Coal Conversion
Dear Mr. Preece:

This letter is to supplement the above captiocned application, pursuant

to our conversations of April 17th and 18th, and ocur meeting of March 11,
1980. As we discussed, Lonestar has conducted several nitrogen oxide
(NOx) emissions tests on our small Portland cement kilns,

The object of these tests was to arrive at a realistically attainable
emission level of NOx, which we could adhere to -and at the same time
nroduce high quality clinker. This, we found, was a most difficult
determination since our test results reveal that NOx emissions vary
significantly from hour to hour. These kinds of variances can be
expected with any fuel fired in a cement kiln. The test data, attached,
is somewhat inconclusive. The pronosed fuel conversion to coal from
natural gas, however, should not increase NOx emissions, and such
emissicons should substantially decrease,

As vou know , it is well-documented in several E.P.A. publications that
little is known about NOx control technologies for Portland cement

kilns. Lonestar nevertheless will make every reasonable effort to
minimize these emissicns and at the same time produce high quality cement
clinker. With these objectives in mind, we have investigated low NOx
burners, in the past, but studies have shown that the state-of-the-art
has not been achieved to reduce NOx in this manner without Jeopardlzlng
product quality. (Please see attached list of references ) ok

He therefore propose a NOx emission level of 830 Dounds per hour from

the entire Pennsuco facility. This is a reduction from existing gas-fired
NOx emissions from the Pennsuco nlant, which, although it can vary, has
been measured as high as 903 pounds per hour as shown in our application.
With respect to cil, Lonestar has used oil on only four occasions in the
past three vears, and each instance was for environmental testing

purposes only.



" Lonestar will adhere to this proposed level except in the event that

(Ix T
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We believe that this level is realistic, provided it is recognized X4
that NOx emissions tend to vary significantly as discussed above. w;f“ \ k4
IS

the quality of the cement clinker becomes unacceptable. Fﬁ dﬁ

Finally, our permit apnllcatlon states that the nitrogen content of

our coal will be tvpically about 3%. I am now advised that this figure §
.

is aporox1matelv 1.7%, and the application should be adjusted accordlnglv \/1

Please do not hesitate to contact me should you have any further questions. Ca‘

Sincerely, /

W, .

Albert W. Townsend
Coordinator of Fcological Planning

AW/ de
CC: T. Gibbs, U.S.E.P.A.

J. Bauch, D.E.R.
E. Anderson, D.C.E.R.M,




DATE FUEL # NOx/HR. TONS OF CLINKER/HR. ff NOx/TONS OF CLINKER
3/20  gas 211.5 21.25 9.95
3/20 gas 109.1 21.25 5.13
3/20 gas 107.4 21.25 5.05
3/20 gas 101.8 21.25 4,79
3/20 aas 96.7 21.25 4,55
3/20 gas 95.4 21.25 4.49
3/ 25 gas 91.2 21.25 4,29
3.20 gas 57.1 21.25 2.69
3/20 gas 86.5 21.25 4,07
5/20 gas 89.1 21.25 4.19
3/20 gas 124.5 21.25 5.86
3/20 gas 35.6 21.25 1.68
Average 100.49 4,73
3/21 0il 148.0 25 5.92
3/21 oil 125.8 25 5.03
3/21 01l 147.7 25 5.91
3/21 oil 140.8 25 5.63
3/21 oil 143.7 25 5.75
5/21 oil 267.6 25 10.70
3/21 oil 252.6 25 10.10
3/21 oil 114.1. 25 4,56
3/21 o1l 31.4 25 3.26
521 oil 141.3 25 5.65
3/21 0il 217.8 25 8.71
3/21 oil 233.5 25 9.34
werage 167.86 6.71
3/29 gas 156 25 6.24
3/29 gas 53 25 2.12
3/29 gas 77 25 3,08
3/29 gas 63 25 5,08
3/29 gas 95 25 2.52 -
3/29 gas 121 25 5.8
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This nitrogen oxides cap is derived as follows: ' v
. ]
‘ Q \XO‘\
Kiln 1 25 tons clinker/hr. x 4.7 #/ton = 117.5 #/hr. {;@

Kiln #2 25 tons clinker/hr. x 4.7 #/ton = 117.5 #/hr.
*Kiln #3 87.5 tons clinker/hr. x 6.8 #/ton = 595 #/hr.

Total # of Nitrogen Oxides = 830 #/hr.

*Xiln #3 was tested in April, 1979 and test results are in the initial coal

conversion submittal.




1)

2)

REFERENCES

United States Environmental Protection Agency publication, "Multimedia
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United States Environmental Protection Agency publication, "Control Techniques
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January 1978.

United States Environmental Protection Agency publication, '"Review of
Standards of Performance for New Stationarv Sources - Portland Cement
Industry, March 1979.
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ABSTRACT

Results of tests performed on a lime kiln, precalciner cement kiln and
conventional wet process cement kiln are presented and discussed. Where
applicable, the effectiveness of excess air variations on pollutant emissions
are quantified and compared to previous results. Mass balances were also

calculated for the two cement kilns.

Lower excess air (oxygen reduced from 4.4 percent to 2.8 percent) was \ﬁﬂf‘

f?und to produce a 23 percent reduction in NO, for the lime kiln. A linear Q:[;’ R
regression of the data cbtained for a conventional coal-fired wet process qﬁ,kﬁw§°~
cement kiln predicted a 38 percent NO, reduction when the oxygen wgs reduced ‘ “ﬂ13‘
from 2 percent to 1.5 percent. However, a regression of the data predicted a X&’,

47 percent increase in S0, emissions when the 0, was lowered over'the same '
range. Combustion modifications were not implemented on the precalciner

cement kiln.

A combustion tunnel was designed, fabricated and operated to determine

the effect of burner operating variables on cement kiln near-flame NO

production. The effects of combustion air preheat, carrier air dilution and
fuel injection velocity were the primary variables assessed for both natural i

gas and coal.

At the subscale level, reducing the carrier air oxygen content from
20.9 percent to 11 percent had a significant effect on NO,, reducing the
emissions by 19 percent. Lowering the fuel injection velocity from 61.0 m/s
(200 ft/sec) to 30.5 m/s (100 ft/sec) reduced NO, by 37 percent. Reducing the
combustion air temperature also has a significant impact on NO, emissions.

However, this may not be a viable control on economic grounds.

ii KVB72-806023-1305



SECTION 5.0

ROTARY WET CEMENT KILN - LOCATION 9

This coal-fired wet process kiln is 127 m (415 ft.) long and 3.7 m (12
£t.) in diameter. Figure 5-1 is a sketch of a conventional process kiln. All
testing was performed with the sample line located between the kiln exit and
the electrostatic precipitator (ESP).

Testing was conducted at each of three conditions:

‘ 1. As found -- kiln operating under normal conditions with neo
attampt to control oxygen.

2. Baseline -~ oxygen level maintained at nominal value.

3. Oxygen variation —— intentional variations in oxygen level.

Table 5-1 presents the kiln operating conditions {clinker rate and fuel input)
and measured gaseous emissions.* Figure 5-2 is a plot of NO  versus oxygen
for all the data extept those measured under kiln start-up conditions (tests
9-26 through 9-28). Also shown in this figure are the results of a linear
regression between NO, and 0p, i.e.: |

uox (ppm) = a + b (&02)

This relationship was able to explain 39.9 percent of the data scatter (a i
rather weak, but still positive correlation) with the balance (60.1 percent)
being due to other than_the oxygen variation. Normal variations in the coal
nitrogen content coula also have a significant effect on NO_ emissions.
Quantification of this effect would require, at least, an extensive coal
sampling and analysis effort. In addition, the "burnability" of the feed (a
measure of the clinker forming reactions), as determined from a detailed feed
analysis, influences the temperature within the kiln and, therefore, the Nox

*The column headed "Input MW" represents the fuel thermal energy input to the
kiln, The appropriate conversicn is: MW = 0,293 x 108 Btu/hr.

5-1 XVB72-806023~1305




Exhaust Stack

1

ESP
Tempering
Feed Bins
Ax Exit Gaat
‘.__.A..-\
| Feeder and |
Tipping Valvn Burner Primary Ailr
. Gas Flow ) and Fuel
-1- 77 i _u )
Chains, . : Grate Type Cooler*
Crosses, etc. Material Flow —Jw— R
| N |
i Secondary Mr l.-— Clinker
[ 8] |/ Outlet
-UOmogenization

*Cooling air not used for secondary air is exhausted
through pollution control device to atmosphere.

tExhaust gases pass through pollution control device
to atmosphere.

Figure 5-1. Schematic of a conventional process cement kiln.
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TABLE 5-1. SUMMARY OF GASEOUS EMISSIONS FROM A WET PROCESS ROTARY KILN - LOCATION 9
' ' . . L
Clinker
Date Rate Input 0. Q0 NO NO o0 80O
Test No.  Time 1980 kq/s MW ! oS {ppa)  (ppm)  (ppm)  (ppe) Comaents
9-1 11330 8-19 7.66 - 2.8 >20 199 195 129 528 As Found
9-2 12:30  8-19 7.66 -- 2.5 185 182 126 924 As Found
9-3 15130  8-19 7.66 - 1.5 179 175 108 1,624 As Pound
9-4 16100  8-19 7.66 - 2.0 155 149 161 1,934 As Found
9-5 16:30  8-19 +~ 7.66 - 1.5 183 17 120 1,691 Aa Found
9-6 10;00 8-20 7.76 60.5 2.8 186 183 168 2,013 As Found
9-7 11,00 8-20 7.76 60.5 2.8 - 173 188 - As Found
9-8 12:00  @-20 7.76 60.5 3.0 166 165 175 1,207 As Pound
9-9 13;00 9-20 7.76 60.5 2.8 190 184 188 1,542 Aa Found
9-10 14100 8-20 7.76 60.5 2,6 158 154 166 1,773 As Found
9-11 15100  8-20 7.76 60.5 3,1 156 151 191 1,652 As Found
9-12 16:00  8-20 7.76 €0.5 2.8 157 143 a4 1,368 As Found
wn 9-13 17:00  8-20 7.76 60.5 2.9 154 152 143 1,127 As Found
e 9-14 18:00  8-20 7.76 €0.5 3.1 141 140 191 1,200 As Found
| 9-15 10:30  B-21 7.99 S4.4 2.9 192 185 109 1,577 Baseline
9-16 11:00  8-21 7,99 54,4 2.9 180 175 179 1,083 Baseline
9-17 11130 8- 7.99 S4.4 2.1 179 179 167 1,738 Baselina
9-18 12100 8-21 7.99 54.4 2.9 198 191 159 1, 865 Baseline
9-19 13530 8- 7.99 S4.4 3.6 200 193 151 754 0, Vaciation
9-20 14:00  @-21 7.99 54.4 ai 208" 199 155 815 0, variation
9-21 V4130 8-21 7.99 - S4.4 4.0 207: 196 169 Nz 0, Variation
3 9-22 15100 8-21 7.99 54.4 1.9 223 218 154 467 0, Varfation
HltGI 9-21 15:30  a-21 7.99 54.4 3.9 206 195 168 881 0, Variation
@ 9-24 16:00 8-21 7.99 54.4 4.6 279 269 159 244 0, Variation
3 9-25 16130 8-21 7.99 54.4 2.5 136 126 296 788 0, Variation
lm 9-26 1130 8-21 - - 1.2 ' 224 214 16 1,213 Kiln under start-up
S 9-27 7145 8-23 - - 0.9 >20 201 197 1.791 22,000 Kiln under start-up
8 9-28 8:00 8-23 - - 1.2 19.8 325 318 145 9282 Kiln under start-up

NOx, HO, CO and S(:i2 corrected to J\Oz, dry,

N (ng/J) = NO_ (ppm)} + 0,654, includes C0, yenaration in kiln.
= NO {ppm} + 0.654,

NO (ng/J)




| 3 1 |

NOx = 108.8 + 25.33 (3 02)

R2 = 0.399, Coefficient of Determination

300 —
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OXYGEN, PERCENT

Figure 5-2, variation of NO, with Kiln Exit Oxygen, Location 9 Wet Process Cement Kiln



emissions. Based on the linear regression a NO, reduction of 38 percent is
predicted when the oxygen level is lowered from 2.9 percent (baseline average)
to 1.5 percent.

The linear regression between S0, and 0, is also noted and shows a decrease in

S0, with an increase in Op+ Also, the linear regression shows that the varia- QQ‘:
tion in 02 explains 43.6 percent of the variation in $054. This reiafionship
predicts a 46.6 percent increase in S0, concentration if the operating 0y is
reduced from 2.85 percent (baseline average} to 1.5 percent. '

Normal variations in coal and feed sulfur contents could have a sig-
nificant effect on kiln S0, emissions. As was discussed for NO, vs. O,
quaﬂtification of this effect would require an extensive program involving the
analysis of many fuel and feed samples and their relationship to the measure&
Soz_concentration.

Normal variations in process operation (e.g., burning zone tempera-
mm,&ﬁcmmﬂdmamfmlmwuﬁﬁ)unHM}Hwtmmtmn%am
50, emissions. Indeed, a linear regression performed on the NO, and O, data
measured during a three-hour time periocd on the same day (Tests 9-19 through
9-25) was able to explain 88.4 percent of the NO, data scatter. This/regreé—
shanm&dﬁ&dMamuMdom;amwtmﬂdofdm,mmcmmmd
‘'with the tegfession of all the data, illustrates that normal variations in
feed and fuel properties and kiln conditions can affect the long=term rela-
tioenships between Nox, 50,, and oxygen.

The purpose of developing the linear reg;essions for NO_ and SO, was
to determine the extent to which they were related to a single independent
variable, namely O5. - It was recognized that this procedure would not consider
the effects of other potentially significant variables. In combustion devices
where there is direct contact between the combustion products and the feed,
there is some degree of interaction between the streams such that a regression
in terms of multiple independent variables would be necessarvy to more com-
pletely describe the measured pollutant concentrations in terms of operational
conditions.

5-5 KVB72-806023-1305

W
Similarly, Figure 5-3 depicts the effact of oxygen on 502 emissions. Sﬁu o uﬁ
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Figure 5-3. Variation of 50, with Kiln Exit Oxygen, Location 9 Wet Process Cement Kiln
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The S0, dependence suggests a reaction between SO, and feed alkali
components in the presence of oxygen. Laboratory and full-scale tests (Refer-
ence 5) have also shown that water vapor speeds up the reaction between S0,
and alkali. In this respect the feed is perfofming as a flue gas desulfuriza-
tion agent (Reference 6), i.e.:

SO,(g) + 0.5 Oy(g) + CaCO4(s) + 2 H,0(g) + CaSO, + 2 H,0(s) + CO,(g)

whare
g = gas
s = golid

The above global reaction indicates that both oxygen and water vapor are
required for the reaction between SO, and limestone {or lime).

Triplicate particulate runs were performed upstream of the ESP during
tests 9-1, 9-4 and 9-18. The solid particulate results were 10,062, 11,318
and 12,023 ng/J (23.40, 26.32 and 27.96 lb/106 Btu). No particulate measure-
mentg were made dowhstream of the ESP.

On August 20, 1980, hourly samples were obtained of coal, kiln feed,

clinker and precipitator catch for the express purpose of performing constit-:

uent mass balances. The sample analysis results are shown in Tables 5-2 and
5-3. (An oxide analysis of the coal ash was not performed.) X-ray fluores-
cence (XRF) was used by the plant for the elemental analyses. The procedures
contained in ASTM C-114 were followed including equipment certification with
NBS standards. In addition, a single coal sample was analyzed on both a
proximate and ultimate basis (Table 5-4). As noted from Table 5-2 the coal

fuel was the only scurce of sulfur since none was measured in the dry feed.

In addition to the coal consumption rate and clinker production rate,
the precipitator catch was also measured. Not measured, however, was the kiln
feed rate. This quantity was estimated on the basis that 1.67 kg of dry feed
is required to produce 1 kg of clinker. This value was taken from previocus
tegts on a natural gas-fired. wet kiln (Reference 1} and includes the evolution

of C02 gas and entrainment of a portion of the feed by the combustion

5-7 KVB72-806023-~1305

™
YNy
\~ \

g

-

N

i

-



TABLE 5-2. KILN MATERIAL ANALYSIS FOR WET PROCESS CEMENT KILN -
LOCATION 9

Weight Percent (Standard Deviation)

Dry Feed Clinker Precipitator Dust
SiOz 13.46 (0.12) 20.44 (0.2Q) 15.27 (0.70)
, Al,04 3.45 (0.13) 5.90 (0.14) 4.63 (0.27)
Fe203 1.89 {0.14) 4.10 (0.17) 1.78 {(0.11)
Ca0 41.82 (0.28) 64,19 {0.23) 36.06 (1.73)
MgOo 2.26 (0.14) 3.65 (0.19) " 2.59 (0.19)
S04 o 0.23 (0.09) F.OB (0.31)
K20 0.53 (0.01) 0.57 (0.12) 2.81 (0.47)
Ti02 Q 0.27 (0.02) 9]
Mn30,4 0 : 0.02 (0.01) o]
P40g ‘ 0 - 0.01 {0.01) G
Ignition
Loss?* 36,43 (0.10)} 0 21.93 (1.03)
Total 99.84 99.38 93,15

*"Weight loss due to carbonate decomposition.
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TABLE 5-3. COAL PROXIMATE ANALYSES FOR WET PROCESS CEMENT KILN -

LOCATION 9
Average (Standard Deviation)
Volatiles* 37.7 (0.59)
16.3 (3.60)

Ash¥
Fixed Carbon*
Sulfur~*

Btu/1lb

kJ/kg

42.8 (3.74)
CSE ey
(3.

11,917 {(107)

27,719 (249)

*Weight percent, dry basis

v

5-9
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TABLE 5-4. COAL FUEL ANALYSIS FOR LOCATION 9 WET PROCESS CEMENT KILN
TEST 9-3
Proximate Analysis Ultimate Analysis
As Rec'd. Dry Basis As Rec'd. Dry Basis

SMoisture 2,38 XXXXX sMolsture 2.38 XXXXX
%Ash 13.39 13.72 %Carbon 65.88 © 67.49
$Volatile 36,08 36.96 SHydrogen 4,61 4,72
%Fixed Carbon 48,15 49,32 sNitrogen 1.17 1.20
100,00 100,00 %Chlorine 0.10 0.10

%Sulfur 3.43 3.51

Btu/1lb. 12,004 12,297 %Ash 13.39 13.72
kJ/kg 27,921 28,603 %Oxygen (diff.) 9,04 9,26
sSulfur 3.43 3.51 100.00 100,00




products. The oxide analysis of a coal with a similar ash content was used as

an inpat stream in the mass balances.

Mass balances were performed for aluminum, silicon, iron, calcium,
magnesiTm, potassium and sulfur using the measured oxide concentrations in the
kiln feed, clinker and precipitator catch. As previcusly mentioned a coal ash
analysis was agsumed since néhe was made on the coal actually used. In addi-
tion, te average flue gas 50, volume concentration measured during the same
time periocd was converted to an equivalent sulfur outlet stream on a weight ‘
basis. The overall approach does not account for particulates passing through
the ESP and assumes that the gaseous 80, is not converted to other sulfur
compounds within the ESP., (With respect to ESP collection efficiency, a

previous XVB test on a wet kiln (Reference 1) demonstrated an ESP collection
efficiency of 99.59 percent.)

The mass balance results are shown in Table 5-5 for each individual
constituent and for all the constituents. As noted, the largest difference
was for iron oxide where the outlet streams exceeded the inlet streams by
29.5 percent. Part of this difference could be due to kiln metal material
loss which would inérease the iron content of the outlet streams (clinker and
precipitator catch). Based on the sulfur mass balance it is estimated that

the coal sulfur is-distributed as follows:
’ < ;n. C—O“\

Clinker 10.3%
Precipitator Catch 23.8%
Flue Gas 54,5% — &~ 'tud
Unaccounted 11.4%_

120 .° 7>

Thus, for this particular kiln only 54.5 percent of the coal sulfur is emitted
as 502.

Also noted in Table 5-5 is that the overall mass balance for the seven
constituents is within 4 percent.
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TABLE 5-5. MASS BALANCES FOR WET PROCESS
CEMENT KILN - LOCATION 9

In Out
Constituent Mg/4d {tons /day) Mg/d {tons/day) _ % Difference*
Al,04 40.1 (44.2) 41.4 (45.6) 3.2
sio, 152.1 (167.7) 143.0 (157.6) -6.0
Fe203 21.7 (23.9) 28.1 {31.0) 29.5
' cao 468.2 (516.1) 443.9 (489.3) -5.2
xzo 5.96 (6.57) 5.03 (5.55) -15.86
S 5.98 (6.59) 5.30 (5.84) -11.4
Total 719.4 (793.1) 692,.2 (763.0) -3.8
*(Out‘In) % 100
In
5=12 KVB72-806023-1305



The kiln heat rate varied from 7897 kJ/kg (6.8 x 108 Btu/ton clinker)
to 6812 kd/kg (5.9 x 108 Btu/ton clinker)} during the test program. These
values are at or below the average of 7897 kI/kg (6.8 x 108 Btu/ton clinker}

reportad for a 1973 survey of wet process kilns (Reference 4).

The stack losses were computed for several of the tests and the

results presentasd below:

As noted,

Test

9-18
9-19
9=-20
9-24
9=-25

the stack loss

operating O, is reduced.

¥

Stack Loss,
02, %, dry % of Fuel Input
2.9 11.9
3.6 12.2
4,1 12.4
4.6 12.6
- 11.7

decreases (thermal efficiency increases)

as the 1
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" SECTION 6.0

SUBSCALE CEMENT KILN STUDIES

‘ The objectives of the laboratory program are to identify the mecha-
nisms of NO_, formation in the "near burner” zone within a cement kiln and to
determine possible methods for the control of NO, emissions. The results
would provide guidance for the field modification of a pilot-scale unit to

demonstrate advanced NOx control approaches.

6.1 LABORATCRY FACILITY

A lab-scale model of a typical cement kiln burner and furnace, capable
of firing natural gas or pulverized coal, was constructed in KVvB's Combustion
Laboratory. The key variables investigated were fuel injection velocity,
furnace temperature, Preheat temperature, fuel carrier oxygen concentration,

and excess air. No product was made by the furnace.

The test furnace is shown in Figure 6-1. By using a different size
refractory, the furnace inside diameter can be made either 5 or 8 inches
{0.127 or 0.203 m}). 1In addition, refractories of two different thermal
conductivities were used to vary the furnace temperature. These insulations
were Kaiser Purotab Coarse* (high density, high thermal conductivity,

97 peréent alumina) and Kaiser Purclite 30* (low density, low thermal
conductivity, 54 percent alumina). At 1500°F (1089 X) the ratio of the
thermal conductivities is 2.8. In subsequent discussions these insulations
are referred to as "HD" and "LD", respectively. The secondary combustion air
is admitted through two concentric annuli. The flow can be biased to one or
the other annulus, and it is also possible to preheat one stream and not the
other. The fuel carrier can be air or nitrogen, or a combination of the

two. Pulverized coal, when fired, is fed to the injection pipe by a Vibra-

screw feeder, Figqure 6-2 shows the furnace and its ancillary equipment. Flue

*Mention of trade names or products does not constitute endorsement by EPA.
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T

gas is drawn from the stack and fed to continuocus NO/NOx, co, coz, and SO2
analyzers. Table 6-1 is a listing of the measurement equipment. All mass

flows supplied to the furnace were monitored.

o

The burners used in this program for both fuels were straight sections
of pipe of differing diameter. The diameters ranged from 3/16" {4.8 mm) to 1"
(25.4 mm) and were used to vary the fuel injection velocity at constant heat
input rate.

A combustion‘preheater was added to the existing test facility. This
natural gas-fir;d preheater is supplied with air at about 900°F (756 K) from
the electric heating manifold (shown in Figure 6~2) and increases the
combustion air temperature to 1600°F {1144 K). Pure oxygen is added at the
discharge to bring the oxygen concentration to 21 perxcent. The testing

capabilities of the cement kiln simulation facility are primarily as follows:
. Fuel - pulverized coal, natural gas

. Combustion air preheat - 80-900°F (300-756 K) (electkic
preheat) - 1600°F (1144 K) (combusticn preheat)

. Fuel injection velocity - 10-900 ft/sec. (3.1-274 m/s)
. Heat input - up to- 230,000 Btu/hr (0.07 th)

. Burnerzsurface heat release rgte - 660,000 - 1,760,000
Btu/ft“-hr (0.018-0.048 thjm )
The natural gas injection velocity and coal carrier gas injection
velocity were calculated on the basis of their measured mass flow rate,
injector area and the assumption of standard temperature and pressure at the

injection plane.

Table 6-2 contains two ultimate analyses of the coal used in the
program. This coal is classified as a high volatile "A" bituminous. WNo

analysis was made of the natural gas fuel.

6.2 TEST RESULTS
This section will describe the scope of tests completed, the most
significant data, and provide a summary of the Xkey variables identified in the

laboratory to affect NO, formation in cement kilns.
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TABLE 6-1.  ANALYTICAL INSTRUMENTATION EMPLOYED =
LABORATORY TEST FURNACE

Emission Measurement Model
N Species Me thod Manufacturer No.
; . Oxygen Fuel Cell Teledyne 720P4
| Carbon Dioxide NDIR Horiba PIR2000
. Carbon Monoxide NDIR Horiba PIR2000
' Niﬁrogen Oxides Chemiluminescent Thermo Electron 10A
Sulfur Dioxide 'V Spectrometer Du Pont 411
l ,
!
|
]
]
|
i
i |
6~-5 KVB72-806023-1305
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TABLE 6-2. COAL ULTIMATE ANALYSES =
LABORATORY TEST FURNACE

A3 Receiwved

Sample 1 Sample 2
Moisture 3.85 3.5
Carbon 71.31 73.54
' Hydrogen 4.79 4.88
Nitrogen 1.29 1.18
Chlorine . 0.04 0.08
Sulfur 1.01 1,05
Ash : _ ' 8.97 7.63
Oxygen (diff) A - 8.74 8.186
Btu/1lb | 12,698 13,019
kJ/kg 29,536 30,282
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Test variables examined during this program included: . H

« Combustion air preheat

» Oxygen concentration in carrier air
» Furnace wall temperature

+ Furnace heat release rate

« Fuel injection velocity

« Furnace O2

A review of the important results obtained during the program is presented
below.

Figure 6-3 presents Nox as a function of injection velocity for
natural gas fuel with air carrier and with N, carrier. The data show that NO,.
emissions are higher with air carrier than with N, carrier. The slope of the
NO, vs. fuel injection velocity curve is also greater with air carrier. This
apparently results from the improved fuel/oxidant mixing when oxidant is
present in both the fuel jet and the secondary air stream. The flame thus
burns oxidant rich, and more O2 is available to form NO, Another possible

factor is the quenching effect of the nitrogen resulting in a reduced

combustion temperature.

This effect is also noted for.coal fuel as shown in Figure 6-4 which
demonstrates the NO, reduction measured when the carrier (primary) stream
oxygen content is reduced by the addition of Nz. On.a full-scale kiln this
effect could be implemented by replacing a portion of the carrier air streanm

with recirculated flue gas products or other inert gas.

Figure 6-5 illustrates the effect of furnace temperature upon NO,
emissions with a pure gas fuel jet, i.e., without primary air. With high- .
density (high thermal conductivity) refractory and no preheat, NO, emissions
are low and the NO, vs. injection velocity slope is very small. Preheated
combustion air (800-900°F--700-756 X) in the same furnace increases NO, emis-
sions and the slope. When low density {low thermal conductivity) refractory
was used with air preheat, the NO, and the slope increased further reflecting

a more intense and hot combustion.
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Figure 6-6 shows the effect of preheat on NO, emissions from coal. At
the same heat input (~200,000 Btu/hr--0.06 MW,.) and injection velocity (52-55
ft/sec--15.9-16.7 m/s), a moderate level of preheat increases the Nox

emissions 40 to 60 percent, depending on excess O5. As with the gas tests,
the preheated air temperature was 800-900°F (700-~756 K).

Figure 6-7 shows Nox emisgions as a function of injection velocity for
gas fuel. The injection velocities were changed by varying the injector
diameters. The data are presented for three levels of combustion air preheat
= none, ~800°F (700 K), and ~1600°F (1144 K). The figqure clearly shows the
effect of high preheat upon NO, formation. The data at high preheat suggests
that the NOx decreases at very high fuel injection velocities. This effect
miy be due to the decreased gas residence time within the combustor which
would inhibit NO, producticon. Another possible explanation would be that at
very high fuel injection velocities, the mixing is so rapid that the
combustion would correspond to a premixed flame for which the maximum NO

would occur at 0 percent excess air.

The curve shown at high preheat is a quadratic regression of NO, as a

function of fuel 'injection velocity, i.e.:

4 2
Nox = a3 + b-vjet + c vjet

This function is able to aceount for 87 percent of the data scatter. The

effect of high fuel injection velocity on NC, is less pronounced at the lower

combustion air temperatures.

Several significant variables affecting NO, formation in cement kilns

have been identified. These variables are: U@ c
oY
« Fuel injection velocity JQ' N
LY n’v b
/ Q> Cﬁ
. Combustion air preheat \ v
. o*-
« Furnace wall temperature o é
+ Carrier gas composition
- Excess O2
6=-11 KVB72-806023-1305
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These results suggest a number of approaches to NOx reduction:

« Reduce fuel injection velocity. This wvariable has a strong z)*\
effect on NOx emissions, but it can reduce flame geometry
often essential for product quality. \ (S‘
v
N
« Reduce oxygen content of carrier gas. This approach would D
substantially lower NO, emissions while preserving the flame [/ EOY
geometry. Jy
Q
A
« Reduce furnace wall temperature.. This can be achieved by &

enclosing the primary combustion zone of the flame in a
water/air cooled shroud to prevent the radiation of the flame
to the hot refractory or by the re-injection of cement dust
in a shroud surrounding the flame to provide a heat sink for
radiation from the flame and hence reduce the flame
temperature.

« Distribute cold combustion air to near burner flame 2zone.
The approach involves injecting a layer of c¢old air in the
mixing region between the fuel/carrier jet and the preheated
combustion air to act as a shield and minimize NO, produced
with high levels of preheat. Optimizing the amount of cold
air would minimize the potential adverse impact on,
efficiency.
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ABSTRACT

Results of subscale tests to evaluate combustion modifications for :
emission control on petroleum process heaters, cement kilns, and steel fur-
naces are reported. The objective was to assess applicability, NO, emissions
raductions, and cost effectiveness of several modifications and_to select the
most promising for pilot scale tests. Subscale process heatei Saseline NO, °
emissions were about §5 ng/J firing natural gas at 2.9 MW heat input. WUNO, was
reduced by 67 percent with staged combuéEESH_;Ea_by Q% percent with flue gas
recirculation., Firing No. & oil, baseline RO, of 160 ng/J was reduced by 51
percent with staged combustion and by 39 percent with flue gas recircula- .

tion. Staged combustion was selected for pilot scale tests. Subscale cement

D
kiln baseline NO, emigsions were 30 to 60 ng/J firing natural gas at about 80

=
kW heat input. Fly ash, kiln dust, water, and sulfur were injected separately o\wm
J\
4
to evaluate the NO, reduction potential. Fly ash injection reduced NO, emis- ,uékfﬁﬂ
. o 8
sions by 28 percent, while the other injectants reduced NO, by 12 to QP“;

Further work at a larger scale is planned prior to selecting

For the subscale steel furnace, baseline

20 percent.

modificationas for pileot scale tests.

NO, emissions of 115 ng/J firing natural gas at 0.6 MW heat input were reduced

by 88 percent with flue gas recirculation and by 47 percent with water injec-

tion. Firing No. 2 oil, baseline NO_ emissions of 160 ng/J were reduced by

77 percent with flue gas recirculation and by 89 percent with steam injection.
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SECTION 5.0

SUBSCALE TEST - ROTARY CEMENT KILN

5.1 INTRODUCTION

KVB completed a series of tests on a small pilot cement kiln. The
cement kiln, located at a major cement industry association facility, has a
13 em (5 in.) ID, 30 cm (12 in.) OD, and is 4.6 m (15 £t) in length. The
maximum kiln feed rate is 0.0015 kg/s (12 lb/hr), and the unit has neo air

preheat capability.

31l tests were conducted with natural gas fuel. The objectives of
the tests were the following: to determine the effects of (1) sulfur addi-
tion either with the fuel or with the feed, {2) water injection at the burner,
(3) kiln dust injection at the burner, and (4) £ly ash injection at the burner
on gaseous emissions, kiln operating conditions (temperature), and clinker

quality.

Table 5-1 summarizes the effects of sulfur addition, water injection,
and fly ash injection on gaseous emissions and kiln operating temperatures.
The analysié of the clinker material from the kiln for each set of conditions
was carried out by the cement association, and that information was supplied
to KVB in a report which has been reproduced in Appendix B. Essentially,
the injection of these materials had little effect on clinker quality accord-
ing to that report. Excess air changes had more significant effects on the
clinker.

.
-

5.2 EMISSIONS SAMPLING

All emissions measurements were taken from the center of the dustbox
(at the back end of the kiln upstream of the cyclone as illustrated in Fig.
5-1). PFlame zone temperature readings were taken with an optical pyrometer,
and the cyclone inlet temperature was measured with a thermocouple. Dustbox

excess oxygen measurements were verified using a portable oxygen analyzer.

XVB 6015-798




TABLE 5-1. SUMMARY OF GASEOUS EMISSION DATA ~ LOCATION 2, RESEARCH ROTARY CEMENT KILN}

Kiln Fly Cyclona
Kiln Haat 8 Hz0 Dust Ash  Flame Zone Inlet
Taat Pate, Fsed Rata Input Rate d:)2 1:1:)2 HOy NO co 80 He !nl. lnl. lnl. ln]. Tamp. Temp.
Mo. 1978 g/e (ib/h} _kw{l0EBtu/n) % Ppe* ng/l ppmt* ng/J ppms ppa* ppet & % L} K _{°F) E {°r) Cosmants®
2/3-1 8-17 1.06 (8.4} 76.5 {0.268) ©.20 13.4 64 13 64 1) 407 36 31 o o 0 [} 1839(2850) 949(1068) Baselins - LEF
2/3-2 0.15 12.4 1.0 0.% .0 0,5 21127 s a2z 1.3 o0 9O o 1605(2790) 049(1068) Sulfur Injection-
Ler
2/3-) 0.10 12.4 a~l.0 0.5 .0 0,5 >17i2 860 -~ 15 0 +] 0 1789 (2760) 849(1068)
/13-4 0.78 (6.3} 79.7 [0.271) 0.20 11.9 o o Q 9 1731 685 52 14 0o o o 1797(2775) 8Mil0%0)
1/3-5 ¥ 78.% (0.268) 0.40 11.9 3.1 L.é 2.6 1.1 @630 50 -0 o 0 [} 1800 {27807 844{1060) Sulfur burn-cut -
LEF
1/3-6 8-18 0.9) (7.4) 5.7 (0.258) 1.8 12.0 &6 M 65 3) 28 23 7 o 0 0 [} 4761 (2710) 050(1070) Baseline - L&P
/3-7 * 2.0 11.5 Se 3 57 29 19 11 85 8.1 o O o 1761 (2710) 8413(1058) Sulfur Injection-
LsY
3/4-1 6-18 0.45 (3.6) 75.7 (0.258) 2.1 9.9 &3 32 4 19 [} 40 0 a o Q 1755(2700) 833{1040) Baseline - HSF
1/4-2 1,75 9.4 - - 5 18 3 1S 04 A9 0 0 0 1755(2700) 836({1045} Sulfur Injection-
Hsr '
2/4-) 0.6 (6.0} 3.1 lo.2 55 24 47 4 1) 17 - 0 o © [} 1722(2640) ®32{1040) Bassline - us?
2/4-4 t 2.4 0.4 %2 27 46 24 48 485 1M 18 o 0 o 3739 (2670)  #36{1045) Sullur Injaction-
. [} 4
f T
: [¥] 2/5-1 @8-18 .76 (6.0) 79.7 (0.272) 2.55 10.2 S8 30 45 2 24 66 153 o ] o 17)31(2660) 830(1033} Baselina - NEF
| /5-2 2.05 10.6 51 26 4 2 F1) 22 104 0 | & T [+] L755(2700) 83211038} Water Injaction -
! usr
. 2/5-2 79.3 {0.271) 2.2 10,6 58 30 53 17 24 25 [T ] M o -] 1758{2705) 838{1048)
| 1/5-4 2.05 10.6 54 F{ ] 45 23 52 27 88 o0 59 o0 [} 1744 {2660) 8393{1050)
| 2/5-5 1.7 11,0 6 32 5% 28 b3 12 9% 0 o 0 0 1766 (27120) 036(1045) Bassline - NSF
i ' 2/6-1 8-21 O.44 13.5) 7L.T {0.245) 1.3 11l.4 77 40 73 1M n o 23 o o o [} 175512700}  BOS (9930) BRaselina - LSF
2/6-2 0.61 (4.8) 70.9 {0.242} 1.6 11.2 &6 i1 65 1) 28 0 13 o o 11 O 1733{2660) 801 {995) Klla Dust Injec-
[ 11 - LSr
3/6-) 1.5 11.6 &7 i1 66 M ) 0 11 0 0 8.6 O 169412590) @05 (990)
/674 1.5 11.2 18 40 73 8 b1 [+ 9 O o %8 0 1678(2560) B0} (565)
. 1/6-5 0.76 {6.0) 731.1 {(0.1%0) 0.25 12.0 36 19 15 18 226 19 8 o0 o o0 o 1761{2710) 816{1010} Bamsline - LSP
! 1/6-6 0.10 12.12 17 8.0 16 8.2 loe8 20 26 0 1] 3.4 4] 1766 {2720} 831{}1000) Klln Dust Injec-
I ' tion - LSP
|
| 2/6-7 0.15 12.4 &4 2 40 21 1470 24 18 0 o 9.1 0 1712(2730) a0a (995)
i 2/6-8 0.30 12.9 16 1% 1T kY 196 L] 117 0 Q 1] 0 L800(2760) 808 [995) Maseline - LSF
|
[ g 2/7-1 8-21 0.76 (6,0) 737 (0.353) 0.4 13.2 103 53 w0 51 27 22 PR [} 2.1 1766(1720) 794 (970) Tly Ash Injection
| - 1 4
‘ 8 2/7-1 74.9% (0.256) 0.} 1.2 21 17 a9 46 1077 o 14 0 0 1] 6.6 1783(27%0) 79} (965}
' = /72 73,3 (0.250) 0.3 12.84 119 61 116 &0 198 11 12 0 o o 0 1789(2760) 794 {970) Bassline - LEF .
'-i"‘ 2/7-4 1.5 1.8 81 - 42 82 42 28 Q 21 o [ ] [} 178%{2760) 794 {970} Baseline - LSF !
- /1-5 73.7 (0.3%3) L% 1.7 M 38 EE . ] 148 Q 11 0 s 0 2.4 LI91{2765) 80O {980} Fly Ash Injection g
i O - r
© 2/1-6 1.8 1.7 7 » " » 38 [} lo o [ I ] 7.3 1755(2700) 734 (1970) 1
1/1-7 73.3 {0.250} 1.6 11.6 99 51 96 49 im o 13 0 [1] o o 1778(2740) 794 (970) Baseline - LSF : :
'Natural gas fus] umsed for all tests. : 'LSF = Low-Sulfur Foed) HSP = High-Sulfur Pead
Patcent by wass of kiln feod rate *‘dry, corvected to 3% O
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Figure 5-1. Schematic of subscale dry process rotary cement kiln (not equipped with air preheat).
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The kiln feed used in the tests was pelletized from a difficult-to-

‘burn mix. This mix was high in limestome content and contained a relatively

large amount of binder material to lower the dust loading. The hard-burning
mix was selected so that flame zone temperatures would be abnormally high,

thus providing a worst-case situation from the standpoint of Nox emissions.

The fuel analysis for all tests is given in Table 5-2 below.

TABLE 5=2. NATURAL GAS FUEL ANALYSIS (TYPICAL)

Component Volume %
Nitrogen 1.7
Hydrogen 0.1
Carbon Dioxide 0.5
Methane 95.0
Ethane 2.0
Propane 0.5
Butane 0.2
High Heating value, dry,

J/m3 (Btu/CF) 37.89x106 (1017)
Specific gravity 0.5816

The following sections discuss each of the combustion modifications

and the results obtained.

5.3 COMBUSTION MODIFICATION

5.3.1 Sulfur Addition

Sulfur was injected with the fuel at different rates for two different
feed sulfur contents. The sulfur was injected through a screw feeder and
blown in with air. The sulfur injection rate was determined after each test

by measuring the total mass of sulfur injected and the time taken to inject it.

2N
Under ordinary operating conditions, the dustbox oxygen is maintained\)rhﬂ)”

L
at 1.0% to 2.0%. At approximately this oxygen level the maximum NOx reduc=- f/
J+

tions were "20% below a baseline value of 63 ppm (dry, corrected to 3% 02) b
with the higher sulfur feed (0.99% SO3 by weight) and 12% below a baseline ! n)
of 66 ppm (dry, corrected to 3% 02) with the lower sulfur feed (0.53% 303)'

The Nox levels at this O2 level did not appear to be affected by the change

KvB 6015-798
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in feed sulfur content although a greater proportion of the total NOx occurred
as Noé {v12%) with the high-sdlfur feed. The injection of sulfur produced
significant increases in 302 emissions when the sulfur injection rate was

greater than 10% of the kiln feed rate.

At loﬁer dustbox oxygen (< 0.4%) the NOx dropped sharply on the low- r}h%,}
sulfur feed, A full 100% reduction ?n Nox concentration was observed at 0.2% gﬂﬁqf
O2 on the low=-sulfur feed. At the same tinme, 502 emissions increased from }?\
a baseline level of 36 ppm (dry, corrected to 3% 02) to 685 ppm (dry, corrected UID'L/
to 3% 02). The large decrease in NOx emissions may be partially a result of 0
oxygen consuﬁption by sulfur {to form soz). However, the decrease in Nox ggg;j

may also have been caused by a drop in oxygen which occurred during the test.
The 02 values reported in Table S5-1 for Tests 2/3-1 to 2/3-3 are nominal values;
the lag time » 60 sec in measuring the oxygen concentration may have resulted in
readings which did not match kiln conditions precisely. [In tests subsequent
to the sulfur injection tests it was determined that small changes in oxygen
concentration at low (< 0.5%) produced significant changes in NOx emissions.

Special effort was made in those latter tests to hold oxygen levels constant.]

At the low oxygen conditions with the low-sulfur feed, CO concentra-
.
tions went off scale (> 2000 ppm) during sulfur injection, up from an initial
baseline at 0.20% O_ of 407 ppm (dry, corrected to 3% 02). At higher oxygen

2
conditions, CO concentrations were generally < 30 ppm.

Figures 5-2 and 5-3 graph the relationship of Nox emissions to (1)
dustbox oxygen, and (2) sulfur injection rate for the two different kiln feed

contents. (Low-o2 conditions were not tested with the high-sulfur feed because

of a shortage of feed.) Figure 5-4 shows NOx emissions versus 502 emissions.

However, no direct relationship between the two is implied by this graph.

5.3.2 Water iniection

Water was sprayed into the flame zone at three different flow rates
for one feed sulfur content and at approximately 2% oxygen. Water was metered

through a pipette and entered the kiln through a pipe next to the burner pipe. .

KvVB 6015-798
5-5
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Figure 5-2a. NO_emissions as a function of dustbox oxygen for a
research cement kiln with low-sulfur kiln feed.
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Figure 5-2b. NOx emissions as a function of sulfur injection rate for a
research cement kiln with low=sulfur kiln feed.
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Figure 5=3b. NO emissions as a function of sulfur injection rate for a

research cement kiln with high-sulfur kiln feed.
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Small reductions in Nox of 12-14% below baseline levels of 58-63 ppm YL" ‘ﬂuh
{dry, corrected to 3% 02) occurred during the water injection tests. The NOx J’ .
.o
concentration did not appear to vary significantly with the water injection U"uwy’
o

‘rate. At the highest injection rate, however, the CO concentration was twice \ké)

the baseline value (52 ppm, dry, corrected to 3% 02 up from 24 ppm, dry.

corrected to 3% 02).

Figure 5-5 shows the relationship between NOx emissions and water

injection rate at a nominal O2 level of 2% for the high-sulfur kiln feed.

5.3.3 Kiln Dust Injection

Kiln dust containing 6.76% sulfur (by weight) was injected at various
rates and at two different oxygen conditions while burning the low-sulrur

kiln feed. The injection technique was the same as that used for suifur

O
addition. ’;L -
At a baseline oxygen level of approximately 1.5%, the maximum Vﬁ;i;y:’sk
NOx reduction of 14% below the baseline of 77 ppm (dry, corrected to 3% 02) _anfﬁst
A §

occurred with the lowest rate of the kiln dust injection (approximately 3% iuéﬁv

of kiln feed .rate). Increases in dust injection rate caused the Nox to W

increase rather than decrease. CO, SO,, and hydrocarbon emissions were all

2!

very low at this O2 level.

At the low oxygen conditions, the maximum reduction of Nox
again occurred at the smallest kiln dust injection rate (again approximately
3% of kiln feed rate). This reduction, however, was accompanied by a slight
drop in oxygen similar to the drop which occurred during the sulfur

injection tests. Thus, changes in O, may have been responsible,

2
at least in part, for the reduction in NO_ concentration observed at less

than 0.3% oxyden.

During the dust additicon at the low 02 levels the CO concentration
rose to greater than 1000 ppm. SO2 and hydrocarbon concentrations were
low, however, although they were slightly higher than they had been at the

higher O2 condition.
Figure 5-6 graphs Nox emissions versus dustbox oxygen and kiln

dust injection rate.
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Figure 5-5. Nox emissions as a function of water injection rate for a
research cement kiln,
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5.3.4 Fly Ash Injection

Fly ash containing 0.16% sulfur by weight was injected at various

rates and at two different oxygen levels while firing the }22222159? feed.

The injection method was that used for sulfur and kiln dust addition. Figure

5-7 shows the effects on Nox emissions of fly ash injection rate and dustbox

oxygen.

N
h ij

At the baseline oxygen level of approximately 1.5%, the maximum NO “A-Jlﬁpeﬂ

reduction of 28% below a baseline of 99 ppm (dry, corrected tQ xho ) occurred vjpp

at the maximum fly ash injection rate (approximately 7% of klln feed rate}.

R’

CO concentrations rose somewhat during fly ash injection to 100-200 ppm from

a baseline level of 28 ppm (dry, corrected to 3% 02) . Other emissions were

low.

b’\"b.‘.l;

At low oxygen conditions {approximately 0.3%) NOx values dropped a :'

maximum of only 24% from a baseline level of

2

approximately 7% of kiln feed rate). The CO

0.). This reduction occurred at the greatest fly ash injection rate {again,

11% ppm (dry, corrected to 3% §N Q“?
v’”’m >

ﬂf
l-‘

concentration rose to 1077 ppm C:D'

{dry, corrected to 3% 02) from a baseline value of 198 ppm (dry/ corrected

to 3% 02). 2

SO. and hydrocarbon emissions were low.

Special effort was made during the fly ash injection tests to main-.

tain constant oxygen levels throughout and, especially, to prevent the oxygen

concentration from dropping below 0.3% at the low O_ condition. The results

2

showed that NOx reduction potential may not be any greater at very low 02 .

than it is at the baseline 02 level.

5.4 CONCLUSIONS

Operation of the cement kiln at very
does not seem to be practical. Very low NO
accompanying CO concentrations are high. In
taken to hold the oxygen level constant, the

cation applied at baseline O, (approximately

2

&

d
@9,1)“0
U2t

levels may bhe attained, but the QP\ ﬂt//
P I

low oxygen levels (below 0.5%}

addition, when special care was 'F(

<

results indicated that a modifi-

1.5%) has nearly the same effect

on Nox emissions when applied at low O_. conditions.

2
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The maximum practical Nox reductions attained in the research kiln
are shown in Table 5=3. These reductions all occurred at baseline oxygen
conditions. Sulfur, water, and kiln dust injection seem to produce similar

results. Fly ash injection produced the largest practical N'Ox reduction,

TABLE 5-3. MAXIMUM PRACTICAL NO, REDUCTIONS FOR FOUR COMBUSTION
MODIFPICATIONS TO A RESEARCH CEMENT XILN -

Combustion Modification

Maximum NO  Reducticon (%)

Sulfur Injection
Water Injection
Kiln Dust Injection

f Fly Ash Injection

12 - 20
i4
14
28

It is important to note that the baseline Nox levels ohserved for
the pilot kiln were far lower than any observed by KVB on full-scale kilns.
The most likely explanation for this occcurrence is the fact that ambient air
was used in all of the subscale tests. In an actual kiln, air preheat tenm-
peratures of 1144 X (1600°F) are not uncommon. The report in Appendix B
suggests in addition that the high surface-to-volume ratio may have resulted
in greater heat losses from the flame zone, thus lowering Nox production and
also that the high gas-to-solids ratioc in the subscale kiln limited the

effect of kiln feed nitrogen on the NOx emissions.

-
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ﬂfi? LONESTAR FLORIDA PENNSUCO, INC.

y Cement & Aggregate Plant
11000 N. w. 121 Way

Medley, Florida 33178
P. 0. Box 122035 - PVS
Hialeah, Florida 33012
{305) 823-8800 '

.
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June 13, 1983

Mr. Clair Fancy
Bureau of Air Quality Management
Florida Department of Environmental Regulation
2600 Blair Stone Road
d Tallahassee, Florida 32301-8241

Re: PSD-FL-050, Request for Emission Limitation Revision

Dear Mr. Fancy,

This is a response to your April 7, 1983 letter where in you requested
additional information and clarification regarding our request for revisions
to the 502 emission limitations in the referenced federal permit. .We request
that the contents of this letter be kept confidential in accordance with
Section 403.111, Florida Statutes because of the proprietary nature of the
information provided. For clarification I will answer each item as it was -
asked in your letter. '
o Lonestar Florida (LSF) presently has on file with the Department's West
Palm Beach office an application for the extension of construction
permit for coal conversion of Kiln Nos. 1,2 § 3 (File No. AC-13-54054).
It is being held in abeyance until the S02 emission limitation in the
PSD pexrmit is resolved.

o Flue gas desulfurization was not considered because to the best of our
knowledge there has been no installation of desulfurization equipment
in a commercially active wet process cement plant. Control processes
and their economics would therefore be highly speculative. Enclosed
is an excerpt from a report which discusses the cost and impact of
controlling S0z emissions in the cement industry (Attachment 1). The
report shows that the cost of installing and operating gas desulfuriza-
tion equipment on three hypothethical cement plants would range from
30-34 cent per pound of S02 removed from each kiln. Considering that
we are already removing 75 to 80 percent of the potential S0, the
additional costs projected in the report to remove a purported 90 percent
of the remaining S02 are not warranted.
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Page Two
June 13, 1983

PDS-FL-050, Request for Emission Limitation Revision

0 Four grades of coal with 0.75 to 2.0 percent sulfur were analyzed from
an economic and process standpoint. The coals analyzed were from our
two current major suppliers and were of the same specifications with
the exception of sulfur. The prices quoted are F.0.B. mine and are

as follows:

% Sulfur Company A Company B

<2.0 % (Current Contract) $ 32 $ 28
1.75 % 32 28
1.0 % 36 31
0.75 % 39 35

Anmual costs using the above prices averaged together (LSF utilizes both
companies equally to assure a non-interrupted supply) show the economic
disadvantage of the lower sulfur coal. The costs are F.0.B. mine based
on Kilns 1-3 operating at permitted capacities.

. % Increase
$ Sulfur Anmual Cost above<2% S
<2 % (Current Contract) $7,560,000 ' NA
1,75 % 7,560,000 0
1.0 % 8,440,000 12%
0.75 % . 9,320,000 23%

It must be noted that our current contract specifies coal with a sulfur
content of <2%. During the past six months our weekly as-fired coal
averaged 1.67% sulfur. This accounts for the lack of a price difference
between <2% and 1.75% sulfur coal in that they are basically the same

- coal.

As you are probably aware the cement industry 1s highly competitive.
The additional cost of the low sulfur coal would place Lonestar Florida
at an un-fair economic position with our local competitors who are not
restricted to the use of low sulfur coal. As the above costs clearly

. show, Lonestar Florida would be required to expend an additional 0.88 to
1.76 million dollars annually if required to burn lower sulfur coal.
This is a genuine economic disadvantage especially in view of the fact
that Lonestar Florida will be in compliance with Federal, State and
County ambient air quality standards and PSD increments using $2% coal.
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" PSD-FL-050, Request for Emission Limitation Revision

Kiln 3 is operated with an excess oxygen level of between 0.5 and 3.0
percent. The overall effect of excess oxygen, as pointed out in the BACT
originally submitted, is that lower excess oxygen level will enhance S02
formation and resultant emissions where higher excess oxygen levels will
enhance the retention of sulfur compounds with the feed material and even-
tually in the clinker, However, a balance exists between higher excess
oxygen levels and such variables as kiln feed rates, dust insulflation
rates, slurry moisture content, chemistry of slurry and NOx formation.
Higher excess oxygen levels can also cause unstable kiln conditions, such
as too hot of a backened kiln temperature, which must be corrected by
adjusting one of the variables listed above; all of which will impact the
overall production rate of the kiln.

Attachment 2. provides the calculations of Kiln 3 at permit capacity utili-
zing 2% coal. The sulfur content of the feed material is the average of
analyses of slurry from 15 test runs dating from April 1982 to March 1983.
The S07 absorption into the clinker is 77.7 percent. The S02 emissions of
386.9 #/hr. would meet the emission limit of 400 #/hr. selected as BACT.
We believe absorption in Kilns 1 and 2 would fall in the range of 75-85
percent and would meet the emission limits of 100 #/hr. selected as BACT for
each source. R
wi‘,th D.sef.
The sulfur _content of the raw feed material is relatively constant/ Analysis
of slurry from 15 test runs mentioned above rangé from a minimum of 0.040
percent sulfur to a maximum of 0.088 percent sulfur with an average of 0.064
percent,

=,

Attachment 3. is an evaluation of predicted violations of the Dade County
ambient air quality standards for S0 downwind of Alton Box. The summary

will show that Lonestar Florida does not contribute significantly (<5.0 ug/m)
to any predicted violation near Alton Box. Supportive computer model printouts
will be forwarded under seperate cover. :

I sincerely hope this additional information will answer all concerns regarding our
request, and again remind you of its proprietary nature. Should you have any
further questions or question regarding the information provided herein, please
don't hesitate to call. :

Sincerely,
o~
) ; ]
Scott Quaas
Environmental Specialist
SQ/ep
CC: R. DuBose - EPA, Region IV

T. Tittle - DER, West Palm Beach
E. Czhill - DERM
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An Assessment of the Impact of Reducing Emissions in |
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Purpose of Acid Depesiticn Mitigation
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STATE OF FLORIDA

DEPARTMENT OF ENVIRONMENTAL REGULATION

BOB GRAHAM
TWIN TOWERS OFFICE BUILDING GOVERNOR
2600 BLAIR STONE RCAD

TALLAHASSEE, FLORIDA 32301-8241

- e e

VICTORIA J. TSCHINKEL
SECRETARY

August 6, 1984 CAUC 15 Rec'd

- &

CERTIFIED MAIL-RETURN RECEIPT REQUESTED

Mr. Scott Quaas

Environmental Specialist

Lonestar Florida Pennsuce, Inc,
, Post Office Box 122035 - PVS

Hialeah, Florida 33012

Dear Mr. Quaas:

RE: Preliminary Determination - Lonestar Florida Pennsuco, Inc.
PSD-FL-050, Reguest for Revision

The Florida Department of Environmental Regulation, under
the authority delegated by the U.S. Environmental Protection
Agency, Region IV, has reviewed your application to modify the
referenced source under the provisions of the Prevention of
Significant Deterioration Regulations (40 CFR 52.21) and has made
a preliminary determination of approval with conditions. Please
find enclosed one copy of the Preliminary Determination ang
proposed federal permit.

You are reguested to publish (at your own expense) the
attached Public Notice. The notice must appear, one time only,
in the legal advertising section of a newspaper of general
circulation in Dade County. A copy of the Preliminary '
Determination and your application will be open to public review
and comment for a period of 30 days. The public can also reguest
a public hearing to review and discuss specific issues. At the
end of this period, the Department will evaluate the comments
received and make a final determination and recommendation to EPA
regarding the proposed modification.
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I. Applicant

Lonestar Florida Pennsuco, Inc.
Cement and Aggregate Division
Post Office . Box 122035

Palm Village Station |

Hialeah, Florida 33012

II. Location

The sources affected by the proposed revision are located
at the applicant's existing Portland cement plant at 11000
Northwest 121 Street, Hialeah, Dade County, Florida. The UTM

coordinates are Zone 17, 562.75 km E and 2861.65 km N.

II1. Background

The applicant received federal permit No. PSD-FL-050 in 1980
which authdrized the fuel conversion of existing kilns Neos. 1, 2,
and 3 from gas or oil to coal containing up to two percent
sulfur. Burning coal instead of oil or gas in the kilns will
increase the sulfur dioxide emissions from the kilns. The Best
Available Control Technology (BACT) determination on which the
emission standards were based limited the sulfur dioxide (S072)
emissions from the existing elect;ostatic precipitators serving

the three kilns to the guantities listed below.
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Kiln No. Maximum Sulfur_Dioxide Emission Standards
1 1.42 1lb/ton dry feed or 56.7 lbs/hr, 248.4 TPY
2 1.42 lb/ton dry feed 6: 56.7 lbs/hr, 248.4 TPYr
3 0.19 1lb/ton dry feed or 26.3 lbs/hr, llS.l TPY

These standards were the emission limits requested by the

applicant. The applicant had estimated a SO; removal efficiency of

over 90 percent for the system. This removal efficiency was based on

test data collected on the systems by a limited number of £lue éas_

tests while the kilns were burning high sulfur fuel oil.

Riln No. 3 has been converted to coal and actual stack test

.data shows that SO, removal is less than 90 percent. The applicant

has studied the latest test data and now believes the systems will

obtain only 75 to 85 percent S0O; removal.

-

They Company is now requesting a revised BACT determination
which would set SO; emission limits for the three kilns, while they

are burning c¢oal containing two percent sulfur, at the values shown

below.
Rilns Sulfur Dioxide Emission Limit
1 125 1b/hr
2 125 1lb/hr
3 400 lb/hr
_2_
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The company also agrees to operate only 2 kilns at any one
time with coal as fuel. The third kiln will be fired with natural

gas if it is operated.while the other two are operating. Thus, the

maximum SO emissions from the three kilns will be (525 lb/hr or —

-

2,300 tons per year. ' ' r
Model results of the proposed S0y emissions from the three
kilns shows no vioclation of the SO» increments or ambient air

quality standards.

Although other criteria pollutants were regulated by the-
construction permit, SO» is the only pollutant that the'Company has

addressed in its request for a revision to the BACT determination and

the permit.



IV. Rule Applicability

The original application for a permit to burn coeal in the
three kilns was subject to Pfevention of Significant
Deterioration (PSD) revieé for sulfur dioxide in accordance with
the provisions of Title 40, Code of Federal Regulations, Part
52.21 (40 CFR 52.21) promulgated on June 19, 1978, because the
original application proposed an increase in sulfur dioxide
emissions of greater than 100 tons per year (562 tons per year).'
TQis PSD review required a BACT determination and an air quality
review and growth analysis. However, the applicant demonstrated
that the predicted air guality impacts upon the annual, 24-hour,
and 3-hour National Ambient Air Quality Standards (NAAQS) and
the PSD Class II increments were below the significance levels as
published in 43 FR 263§8, June 19, 1978; therefore, a detailed

air quality review and growth analysis was not required for the

original application.

The,applicgnt is now requesting a revised BaACT
determination which would increase the sulfur dioxide emission
limits for the three kilns. This change in limits results in
predicted air gquality impacts upon the NAAQS and PSD Class II
increments which are greater than the éiqnificance levels
mentioned above; thus, a detailed.air gquality review and growth
analysis under the June 19, 1978 PSD regulations is required for

this change.
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V. Engineering Evaluation

The 77.7 percent S0 remeval efficiency for this system
that the applicant's'requested revision of the BACT S50
emission limits is based on, is greater than EPA implies can be
achieved in the AP-42 Manual, Compilation of Air Pollutant
Emission Factors. A cement kiln with a baghouse control device .
is estimated to remove 75 percent of the S0;. The baghouse is
believed to be more efficient in facilitating SO; removal than
the electrostatic precipitators used by Lonestar. The Company
has submitted a limited number of test results on kiln No. 3 that
shows the average S0 removal efficiency, when the percent
oxygen in the flue gas was above 2.8 percent, is 75 percent., No
data has been provided that gives assurance that the existing
system can consistently achieve a removal efficiency above this.
Based on the data available, the department believes the system

should achieve 75 percent S03; removal.

Flue gas desulfurization eguipment (FGD) may be able to
meet the standards sét in the ecriginal BACT determination.
However, the applicant stgted that FGD on this type of source is
unproven and, if used, would cause a financial hardship. The
Department is in agreement that FGD is not feasible for this

plant at this time.



Using fuels with a lower sulfur content is the only
feasible way of reducing sulfur dioxide emissions from this
plant. However, the original SO; standards initially selected
as BACT cannot be met with low sulfur c¢oal alcone. Also, if the
removal efficiency of the system is only 75 percent, the proposed
SOy BACT standards will be exceeded at maximum permitted
production when using coal containing two percent sulfur (Company's
plan) and raw material containing 0.088 percent sulfur (highest
estimated sulfur content of the raw material). Coal with a lower
shulfur content is available which will allow the Company to meet

their proposed SO; standards.

Calculations using the maximum raw material and coal
inputs to the kilns listed in the original application for a
permit to construct, the maximum sulfur content in the feed from
Lonestar‘s June 13, 1983 letter, and a sulfur removal of 75
percent by the system show the kilns would have to burn coal with
one percent sulfur to meet the sulfur dioxide emission standards
now being requested (See Table I and Figure 1). This is low
sulfur fuel. As these emissions cause no ambient air violations,

the Department finds these standards acceptable.

VI. Air Quality Impact Analysis

As noted in Section IV., the revision in SOs emissicn
limits will result in air gquality impacts greater than
significance levels, thus reguiring a detailed air guality impact

analysis for SO2
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The air quality impact analyses required for SOz

includes:

An analysis of exiéting air quality;

A PSD increment analysis;

° An Ambient Air Quality Standards (AAQS) analysis;

An analysis of impacts on scils, vegetation, and

visibility, and growth-related air quality iméacts.

The analysis of existing air quality generally relies on
preconstruction monitoring data c¢ollected in accordance with
EPA-approved methods. The PSD increment and AAQS analyses depend
on air guality modeling carried out in accordance with EPA

guidelines,

Based on these required analyses, the department has
reasonable assurance that the proposed revision, as described in
this permit and subject to the conditions of approval proposed
herein, will not cause or contribute to a violation of any PSD
incrémeﬁt or ambient air quality standard. A discussion of the

modeling methodoclogy and reguired analyses follows:

1. Modeling Methodology




The.EPA—approved Industrial Scurce Complex (ISC) dispersion
model was used in the air guality impact analysis. This model was
used to predict annual, 24-hour, 4-hour, 3-hour, and l-hour
average concentrations resulting from the Lonestar sources and all

other existing sources in the vicinity of Lonestar.

The maximum short-term impacts were refined with a 0.1
kilometer spacing between receptors for only the days on which
worst-case meteorological conditions occurred. Emissions from
interacting sources were included in these runs.

The surface meteorological data used in the model were
Naticnal Weather Service data collected at Miami, Florida during
the period 1970-1874. Upper air meteorological data used in the
model were collected during the same time period at Miami,
Florida. Final stack parameﬁers and emission rates used’ in
modeling and analyzing the proposed revision are contained in

Tables 2 and 3.
2. Analysis of Existing Air Quality

In order to evaluate existing air quality in the area of a
proposed project, the department may require a period of
continuous preconstruction monitoring for any pollutant subject to
federal PSD review. Since the original PSD permit aéplication for
the Lonestar ccal conversion project was complete before June 8,

1981, and this application is for a revision to the original

-10-



permit, the department is not requiring any preconstruction SQ2
monitoring. This is in accordance with the 1978 ambient

mdnitoring guidelines in effect at the time of the original

permit application.

Since the Lonestar plant is located in a remote area with
réspect to SOs emissions from non-specified .sources, a
background of 0 ug/m3 for SC2 is assumed. The department also
assumed this background since all sources of SOy which would
iqteract with emissions from Lonestar are accounted for in the
modeling. The department assumed no contribution to the
background value from natural and distant non-specified sources
because of the prevailing subtropical easterly winds and the lack

of space heating requirements in the area. This background was

used for all averaging times and is consistent with EPA monitoring

guidelines applicable to projects submitting complete applications

prior to June 8, 1981.
3. PSD Increment Analysis

The Lonestar plant is located in an arsa where the Class II
PSD increments apply.. However, the Everglades Naticnal Park is

located about 30 kilometers from the plant so an analysis of Class

I impacts was also performed.

Lonestar and Dade County Resource Recovery were determined

to be the only significant increment consuming sources in the

-11-
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area. Modeling results showu‘in TaBle 4 predict that the proposed
revision, in combination with Dade County Resource Recovery, will
not cause a violation of any Class I or Class II PSD increment.
The highest, second highest shoft-term predicted concentrations
are given in the table since five years of metéorologfcal data

were used in the modeling.
4, Ambient Air Quality Standards Analysis

As shown in Table 5, modeling results predict that maximum
ground-level concentrations of SO7 as a result of the proposed
revision will be below all national (NAAQS), state (FAAQS) and
local (Dade County AAQS) ambient air quality standards. The
highest, second highest predicted value is given in the table for
the three-hour averaging time siace five years of meteorological
data were used in the modeling and since this value is exclusively
compared to NAAQS ;nd FAAQS. However, the highest predicted
values are given for the oné—hour, four-hour and 24-hour averaging

times since these values are compared with the Dade County AAQS,

which require the use of the highest prédicted value for

comparison.

5. Analysis of Impact on Soils, Vegétation and Visibility and

Growth-Related Air Quality Impacts

The maximum impact of the proposed increase in 507

emissions, as demonstrated through the air guality analvsis, will

-12-




o™

be below the national secondary air quality standards established
to protect public welfare related values. Therefore, no adverse

effects on soils, vegetation and visibility are expected,

There will be no increase in the number of employees at the
site due to the revision. No secondary residentialc commercial
or industrial growth which will adversely affect air guality in

the area is expected.

-13-
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VII. Conclusion

Based on the data available, the Department has concluded
that the original BACT determination for S0, was too
restrictive. The soé emission standards of 400 lb/hr for kiln
3 and 125 1lb/hr each for kilns.l and 2 are reasonable. These
emissions will not cause an ambient air quality violation or
exceed any allowable increase of S0 in the ambient air if only .
two kilns are fired with coal at any one time. Higher S0,
ehissions from the existing plant could increase the S02
concentration in the ambient air near the plant above that

allowed by Dade County regqulations.

The proposed S0; emission standards can be achieved by
controlling the percent sulfur in the coal. The maximum percent
sulfur that can be allowed in the coal is a function of the
sulfur dioxide removal efficiency of the system. Low sulfur
coal, one percent sulfur, may have to be burned to meet these
standards. 'Alcontrolled test series on all three kilns is needed
to resclve what is the-maximum percent sulfur in the coal that

can be used in the kilns without exceeding the emission
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VIII. Revised BACT:

Best Available Control Technology (BACT) Determination
Lonestar Florida Pennsuco, Inc.

Dade County

The applicant has requested a revision of a previocus BACT
determination for sulfur dioxide emission limits for the three
cement kilns located at their facility in Hialeah, Florida.
Federal permit PSD-FL-050, issued in 1980, specified thét S03
emissions froﬁ kiln No.l and No.2 shall not exceed 56.7 pounds
per hour per kiln and 26.3 pounds per hbur from kiln No.3. The

S0, emission limits were based on tests using 2.38% sulfur

content fuel oil.

Riln No. 3 was converted from‘oil/gas fired to coal fired and the
emissions measured. The No. 3 kiln test results indicate a lower
absorption of SO; by the products in the kilm, and

consequently more SO is being emitted to the atmosphere than

originally proposed based on the tests using oil as fuel, Rased

upon the new data, the applicant has requested a revision of the
SOz emission limits for the No. 3 kiln and No. 1 and No. 2 kiln,

both of which will also be converted to coal-fired units as

originally proposed.

-19-




l' The requested change would result in an increase of €8 lb/hr from
kilns 1 and 2 and 374 lb/hr froem kiln 3 above the original limits

g. determined as BACT.

'. BACT Determination Requested by the applicant:

i' | The following fuel operating mix for the three kXilns would be:

' A. Kiln l-ceal (125) Kiln 2-gas(9) RKiln 3-coal(400)
!‘ ' B. Kiln l-gas(9) Kiln 2-coal(125) Kiln 3-coal(400)
€. Kiln l-coal(l2s) Riln 2-coal(125) Kiln 3-DOWN

; * figure in parenthesis is pounds S0; emissions per hour.

Kiln operations per any of the three scenarios will not cause

violation of the Federal, State, or Dade County ambient air

gquality standards.

Date of receipt of a BACT apnlication:

June 4, 1984

Date of Publication in the Florida Administrative Weekly:

June 22, 1984

-20-
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Review Group Members:

The determination was based upon comments received from the New

Source Review Section, Air Modeling Séction, the Dade County

Department of Environmental Resources Management, and the

Southeast District Qffice.

BACT Determined by DER:

Pollutant

RKiln No.l
Kiln No.2

Riln No.3

Emission Limit

125 1b SO/hr
125 1b SOo/hr
400 1b SOs/hr

The SO; emission limits determined as BACT do not result in a

violation of Federal or State ambient air quality standards, but,

do violate the Dade County standards.

The department, therefore,

has incorporated the proposed three operating scenarios as BACT

to prevent violation of the Dade County standards.

Matrix

Riln 1 fire coal
Kiln 2 fire gas

Kiln 3 fire cecal

Matrix
Riln 1 fire gas
RKiln 2 fire coal

Kiln 3 fire coal

_721-

Matrix

Kiln 1 fire coal
Riln 2 fire coal

Kilan 3 down



Compliance with the SO; emission limit will be in accordance

with 40 CFR 60, Appendix A; Methods 1, 2, 3, 4 and 6.

Proof of compliance with the operating matrix provision will be
the kiln operating ldg. The day, time and type of fuel fired will
be recorded for each kiln. The time period Number 3 kiln is down
will also be recorded in the operating log. Each log will be

kept 2 minimum of two years.

BACT Determination Rationale:

The cement kilns were originally fired with natural gas and
residual oil. The applicant had submitted test data while firing
residual oil containing 2.38 percent sulfur to determine kiln
product absorption of SOy. The data indicated that 91.3% of

the pptential S0 was absorbed by the aggregate processed in
kilns 1 and 2 and 98.7% in kiln 3, A BACT determination was made

based upon the applicant's data.

A construction permit was issued that authorized the use of coal
in all three kilns. Kiln No. 3 was converted to fire coal and
the ‘exhaust gases were tested for SO .content. The data
indicated the absorption of SO; in the kiln product was 75 to

80 pércent, not the reduction originally anticipated. The coal

fired in the kiln during the test contained two percent sulfur.

-22-
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AP-42, Section 8.6-1 indicates the overall control inherent in
the process is approximately 75 percent or greater of the
available sulfur in ore and fuel if a baghouse that allows S03
to come in contact with the cement dust used. The existing
sources use electrostatic precipitators for the control of
particulate emissions; therefore, the department believes the
maximum absorption would be 75 percent. The amount of SOj

emissions will vary according to the alkali and sulfur content of

the raw materials and fuel.

3

The S0 emission limits determined as BACT are obtainable by

firing low sulfur coal. The economics of firing two percent

\
sulfur coal is evident. The applicant has the option of burning

L
. s <
a lower sulfur coal or installing additional SO, controls to '

</

meet the SO limits determined as BACT.

The three operating scenariocs proposed by the applicant to

protect the Dade County AAQS are acceptable. The application of
production process techniques is a recognized method to achieve

the reguired level of emission control.

Details of the Analysis May be Obtained by Contacting:

Edward Palagyi, BACT Coordinator
Department of Environmental Regulation
Bureau of Air Quality Management

2600 Blair Stone Road

Tallahassee, Florida 32301

-23-
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STATE OF FLORIDA

DEPARTMENT OF ENVIRONMENTAL REGULATION

BO8 GRAHAM
TWIN TOWERS CFFICE BUILDING GOVERNOR
2600 BLAIR STONE RQAD

TALLAHASSEE, FLORIDA 32301-8241 VICTORIA J, TSCHINKEL

SECRETARY

November 9, 1984

Mr. James T. Wilburn, Chief

Air Management Branch

Environmental Protection Agency-Region IV
345 Courtland Street

Atlanta, Georgia 30365

' RE: Request for Revision of PSD-FL-050
Dear Mr. Wilburmn:

Enclosed is the department's recommendations on revision of
the sulfur dioxide emission standards in federal permit
PSD~FL-050 for Lonestar Florida Pennsuco, Inc.'s three Portland
cement kilns. -

Public notice of the proposed revisions was published in the
Miami Herald on August 28, 1984. Comments on the proposal were
received from the department's Southeast District office and the
National Park Service. These comments and the department's
response, which resulted in several changes to the proposed
permit specific conditoums, are discussed in the final
determination.

The department recommends that federal permit PSD-FL-050 be
revised as shown in the £final determination. If the
Environmental Protection Agency approves the department's
recommendations, then the state construction permits issuved for
the three kilns will be revised by the department's Southeast
District office to be consistent with the federal permit.

Slnqerely,

//' wud Ve

4@’Cla1r Fancy, P. E.
Deputy Chief
Bureau of Air Quality
Management

CHF/WH/agh
cc: Roy Duke, Southeast District

e Protecting Florida and Your Quality of Life
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Final Determination

Revision of Best Available Control Technocloav Determination
and
_Permit to Construct

Lonestar Pennsuco, Inc.
Dade Countwv

Federal Permit Number
PSD-FL-050

Florida Denartment of Environmental Regulation
Bureau of Air Qualitv Management
Central Air Permitting

Noyember 9, 1984




Final Determination

The Florida Department of Envirommental Regulation has
completed its review of the Lonestar Florida Pennsuco, Inc.'s
February 23, 1983, request for revisions to the sulfur dioxide
emission standards listed in federal permit number PSD-FL-050 for
the three Portland cement kilns at its plant in Hialeah, Dade
County, Florida. ©Public notice of the department's intent to
revise the Best Available Control Technology (BACT) determination
and the permit to construct was published in the Miami Herald on
August 28, 1984,

Comments on the department's intent were received from the
Southeast District office and the National Park Service. The
district requested the sulfur dioxide emission limits for kiln
No. 3 be reduced from 4.6 to 4.57 1lb SOp/ton clinker produced,
that the stack test program to be used to determine the maximum
sulfur content that can be in the coal be described, and that the
Company be required to maintain an operating log on the three
kilns. The National Park Service asked for an explanation of the
discrepancy in the test data that showed sulfur dioxide removals
of 75 and 98.7 percent, commented on the background sulfur
dioxide levels in the park, and asked that the impact analysis be
included in the application.

In response to the district's comments, the difference
between emission factors for kilm No. 3 of 4.6 and 4.57 lb. S0;
per ton clinker is less than one percent. The actual factor {400
lb, SOy per hour emission/87.5 tons per hour clinker
production) rounded off to one decimal place is adequate for this
permit. The procedures used to measure the sulfur dioxide
emissions are not accurate enough to justify a more precise
emission factor. Proposed specific condition No. 5 was not
changed in the final determination.

The test program to establish the highest sulfur content of
the coal that can be burned in the kilms is as follows. The
program will consist of at least three separate EPA Method 6
compliance tests on each kiln. ©Each test will be no less than
168 hours apart to account for unknown variations in the feed and
operation of the kilms. Should any test fail, the subsequent
tests will be run with the kilns fired on coal containing a
sulfur content 0.25 percent less than the preceeding test. This
program is for the initial compliance test only. Any operating
permits issued for the kilns will require only one test, as
described in 40 CFR 60, Appendix A, per year. Specific condition
No. 6 is revised to include this requirement.

The National Park Service requested an explanation for the
discrepancy in the sulfur dioxide removal reported by the
Company. The initial applications for permits to burn coal in
the kilns were based on a sulfur dioxide absorption rate




measured while burning No. 6 fuel o0il in the kilns. The Company
assumed a similar sulfur dioxide removal efficiency when the
kilns were fired with coal. Tests on the one kiln converted to
coal showed much lower sulfur dioxide absorption rates. The
conclusion 1s that ceocal-fired cement kilns do not retain as much
of the potential sulfur dioxide emissions as oil-fired ones,

In answer to the National Park Service's comments on the
background S07 level in the Everglades National Park, we
acknowledge that the S0 level in the park is greater than zero
ug/m3. According to 1983 S0, monitoring data from the park,
an annual average concentration of 7 ug/m3 was measured., If
Lonestar's predicted impact of 0.4 ug/m3, which is much less
than the Class I increment, is added to this concentration, the
resulting impact is predicted to be 7.4 ug/m3. As stated in
the preliminary determination, this impact is not expected to
have an adverse impact on park resources.

In response to the Park Service's comment on the impact
analysis, there were no additionmal increment consuming sources
besides Dade County Resource Recovery which would have an impact
on the receptors used in the modeling to evaluate the impact of
Lonestar's modification on the Class I area. All other increment
consuming sources were located at least 50 kilometers away from
those receptors. Therefore, no impa;t area was defined,

The revised specific conditions, with the changes discussed
above, are as follows:

Revised Specific Conditions: .

4, Emissions of sulfur dioxide from Nos. 1 and 2 kilns shall
not exceed 125.0 pounds per hour from each kiln at the
maximum operating rate of 25 toms  per hour of clinker
produced per kiln. At lesser operating rates the emissions
of sulfur dioxide shall not exceed 5.0 pounds per ton of
clinker produced.

5. Emissions of sulfur dioxide from No. 3 kilm shall not exceed
400 pounds per hour at the maximum operating rate of 87.5
tons per hour of clinker produced. At lesser operating
rates the emissions of sulfur dioxide shall not exceed 4.6
pounds per ton of clinker produced.

6. The c¢oal used to fuel kilms Nos. 1, 2, and 3 shall have a
sulfur content of less than 1.75 percent (monthly average)
and 2.0 percent maximum; or the sulfur content, determined
once by the stack test program described below, that
consistently meets the revised sulfur dioxide emission
standards, whichever sulfur content is most restrictive.




L3

(—— e

TEST PROGRAM

In establishing the maximum sulfur content of the coal that
can be used in each kiln, the Company shall conduct a test series
on the kilns while they are operating near maximum production.

The test series shall consist of a minimum of three separate
compliance tests, each test at least 168 hours after the
preceeding test, and using fuel with a constant (+ 0.25 percent)
sulfur content. All test results for coal of this sulfur content
must be below the BACT -standards.

If test results show the S0 emissions from a kiln do not
meet the BACT standard, then the Company shall reduce the sulfur
content of the coal burned in this kilmn by at least 0.25 percent
(average) and repeat the test series until the emissions
consistently comply with the revised BACT standards. For each
test the Company shall provide a test report giving, as a
minimum, the data listed in Chapter 17-2.700(7), FAC.

In addition, for each test sample the Company shall measure
or estimate and report: feed rate (TPH)
sulfur content of feed
coal rate (TPH)
sulfur content of coal
oxygen content of flue gas

New Condition:

13, Only two kilns will be operated with coal as fuel =zt the
same time. The Company shall maintain a log or logs that
shows, as a minimum: the operational status of all three
kilns at any time; when each kiln is placed in service; the
clinker, feed, and fuel feed rates to each kiln; and when
the kiln is taken out of service.
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" LONESTAR FLORIDA PENNSUCO, INC.

Cement & Aggregate Plant

11000 N. W. 121 Way
Medley, Florida 33178
P. 0. Box 122035 - PVS
Hialeah, Florida 33012
(305) 823-8800

-October 24, 1984

Mr. C. H. Fancy

Deputy Bureau Chief

Bureau of Air Quality Management
2600 Blair Stone R4.
Tallahassee, Florida 32301

Re:

PSD-FL-050, Request for Revision.

Dear Mr. Fancy:

This letter is in response to telephone conversations with Mr. Willard .

Hanks of your office regarding public comment received concerning the
above referenced permit. Four (4) items needing further clarification
were raised from the comments received.

1.

STACK TEST PROGRAM - The preliminary determination references
a stack test program without further clarification. It is

my understanding that this program is detailed in DER internal
files and it amounts to a series of three (3) SOz emission
tests. Each consecutive test would be no less than 168 hours
apart. Additicnally, should amy test fail, the subsequent
test would be run with the kiln fired on ccal with a sulfur
content 0.25% less than the preceeding test. This stack test
program is acceptable provided that it is for initial compli-
ance purposes only. All subsequent annual compliance tests
will consist of cne (1) stack test in accordance with 40 CFR
60, Appendix A.

VERIFICATION OF BACT OPERATING RATES - Operating logs are
Kept for each kiln of the day, time, type and amount of fuel
fired.

CHANGES IN PROJECTED SO ABSORPTION - This has been the basis

of the entire S07 emission limitation revision request and was
documented in many previous correspondence. To briefly
summarize, the initial 1979 coal conversion permit SOz emission
limits were based on sulfur absorption rates derived from stack
tests performed on the kilns while burning No. 6 fuel oil.
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Mr. C. H. Fancy
PSD-FL-050, Request for Revision
Page Two

Those tests showed sulfur absorption at % 98%. Little
information was available at that time of similar kiln systems
converting to coal so the assumption that absorption rates
would be similar was accepted. When the coal conversion was
completed on the Kiln No. 3 system a compliance test was-
conducted which demonstrated that much lower absorption

rates could be expected utilizing coal. A series of stack
test after that initial test were utilized to arrive at

the absorption rate of 77.7% in our permit revision request.

4, STACK TESTS ON COAL PEPRESENTATIVE OF OPERATION - All stack
tests were conducted during normal kiln operations while
burning coal averaging 1.7% S.

I hope this answers the questions raised, but should you need
anything further please call,

Sincerely,

N .

Scott Quaas

Environmental Specialist

cc: C. D. Coppinger
A. Townsend
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In REPLY REFER TO!

N3615(473)

United States Department of the Interior

NATIONAL PARK SERVICE
SCIENCE PUBLICATIONS OFFICE
75 Spring Street, S.W,
Atlanta, Georgia 30303

Mr. C., H, Fancy, P.E.

Deputy Bureau Chief

Bureau of Air Quality Management
2600 Blair Stone Road
Tallahassee, Florida 32301

Dear Mr. Fancy:

Thank you for sending us information regarding your preliminary appreval
of Lonestar Florida Pennsuco's (Lonestar) permit modification request. As
we understand it, Lonestar was granted a permit in 1980 for the fuel
conversion of three existing kilns from gas/oil firing to coal firing, but
is now requeésting an increase in the allowable sulfur dioxide (S03)
limit., The Lonestar facilities, which are located in Hialeah, Florida,
are 30 kilometers northeast of Everglades National Park, 2 mandatory”’
class I area.

You indicate that original stack tests performed, while the kilns were
firing oil, show that 91.3 percent of the potential 30, was absorbed by
the aggregate processed in kilns 1 and 2, and 98.7 percent in kiln 3. The
emission limitations for the fuel conversion permit w2re based on these
data. Actual stack test data for eocal firing indicate that the observed
505 removal is only zpproximately 75 percent. Consequently, Lonestar is
requesting the S0; allowable limit in their permit be increased by 1, 688
tons per vear.

In the information you provided, there was little discussion regarding the
large discrepancy in the test data (75 percent versus 98.7 percent). Ve
would like to know if the difference is attributable entirely to the. fuel
change, if the coal-fired tests were properly conducted and were
representative of normal operaticn, and if the kilns were being operated

.in the same manner as when the oil-fired tests were performed.

We note that the predicted S0 concentrations in Everglades Hatlonal
Park were made assuming a zero micrograms per cubic meter (ug/m b]
background concentration. Using this assumption, Lonestar predicts an
annual SO, concentration of 0.4 ug/m® in the park. Although we do not
expect this concentration to have an adverse impact on park resources,
please note for future permits that S0, monitering has been done in the
park, and these data indicate that backgtound levels, although low, arce
not zero ug/m3. Future permits should include the background
concentrations in any impact discussion.
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The applicant asserts that "Lonestar and Dade County Resource Recovery
were determined to be the only significant increment ceonsuming sources in
the area.” This implies that an analysis was performed to define some
impact area. This analysis should be included in the application.

1f you have any questions rcgarding this matter, please contact Mark
Seruggs of our Air and Water Quality Division at (303) 234-6620.

Sincerely,

Regiconal Director
Southeast Region
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Best Available Control Technology (BACT) Determination
Lonestar Florida Pennsuco, Inc.

Dade County

The applicant has requested a revision of a previous BACT
determination for sulfur dioxide emission limits for the three
cement kilns located at their facility in Hialeah, Florida.
Federal permit PSD-FL-050, issued in 1980, specified that S0
emissions from kiln No.l and No.2 shall not exceed 56.7 pounds
per hour per kiln and 26.3 pounds per hour from kiln No.3. The
502 emission limits were based on tests using 2.38% sulfur

content fuel oil.

Kiln No. 3 was converted from dil/gas fired to coal fired and the
emissions measured. The No. 3 kiln tést results indicate a lower
absorption of SOy by the products in the kiln, and

consequently more S0s 1s being emitted to the atmosphere than
originally proposed based on the tests using oil as fuel. Based
upon the new data, the applicant has requested a revision of the
S0, emission limits for the No. 3 kiln and No. 1 and No. 2 kiln
both of which will also be converted to coal-fired units as

originally proposed.

The requested change would result in an increase of 68 lb/hr from
kilns 1 and 2 and 374 1lb/hr from klin 3 above the original limits

determined as BACT.
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BACT Determination Requested by the applicant:

The following fuel operating mix for the three kilns would be:

A. Kiln l-cocal(l25)# Kiln 2-gas(9) Kiln 3-coal(400)
B. Kiln l-gas(9) Kiln 2-¢0al(125) Xiln 3-coal{400)
C. Kiln l-coal{l25) Kiln 2=-co0al(l25) Riln 3-DOWN

* figure in parenthesis is pounds SO2 emissions per’
')

hour.
Kiln operations per any of the three scenarios will not cause
violation of the Federal, State or Dade County ambient air

quality standards.

Date of receipt of a BACT application:

June 4, 1984

Date of Publication in the Florida Administrative Weekly:

June 22, 1984

Review Group Members:

The determination was based upon comments received from the New

Source Review Section, Air Modeling Section, the Dade County
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Department of Environmental Resources Management and the

Southeast District Office.

BACT Determined by DER:

Pollutant Emission Limit

Kiln No.l ' 125 1lb S03/hr
Kiln No.2 125 1b SOy/hr
Kiln No.3 400 1b SO5/hr

The SO emission limits determined as BACT do not result in a
violation of Federal or State ambient air guality standards, but,
do viclate the Dade County standards., The department, therefore,
has incorporated the proposed three operating scenarios as BACT to

prevent violation of the Dade County standards.

Matrix : Matrix Matrix
Kiln 1 fire coal Kiln 1 fire gas Kiln 1 fire coal
Kiln 2 fire gas Kiln 2 fire coal Kiln 2 fire coal

Kiln 3 fire coal Riln 3 fire coal Kiln 3 down

Compliance with the S0, emission limit will be in accordance

with 40 CFR 60, Appendix A; Methods 1, 2, 3, 4 and 6.

Compliance with the operating matrix provision will be the kiln
operating log. The day, time and type of fuel fired will be

recored for each kiln. The time period Number 3 kiln is down
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will also be recorded in the operating log. Each log will be

kept a minimum of two years.

BACT Determination Rationale:

The cement kilns were 6riginally fired with natural gas and .
residual oil. The fuel was switched to coal in 1980 as per the
conditions of permit number PSD-FL-050. The applicant submitted
test data while firing residual oil containing 2,38 percent
sulfﬁr to determine kiln product absorption of S03. The data
indicated that 91.3% of the potential SO was absorbed by the
aggregate processed in kilns 1 and 2 and 98.7% in kiln 3. A BACT

determination was made based upon the applicants data.

After one of the the kilns had been converted to fire coal, the
exhaust gases were tested for S0 content. The data indicated
the absorption of SO in the kiln product was 75 to 80

percent, not the reduction originally anticipated. The coal fired

in the kiln during the test contained two percent sulfur.

AP-42, Section 8.6-1 indicates the overall control inherent in
the process is appfoximately 75 percent or greater of the
available sulfur in ore and fuel if a baghouse that allows SOj
to come in contact with the cement dust is used. These existing
sources use electrostatic precipitators for the control of
particulate emissions, therefore, the department believes the

maximum absorption would be 75 percent.
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Tng—amount of SOg_ em;ssloﬂg, of- - course, wiII'vazy_according to

the alkali and sulfur content of the raw materials and fuel.

The SO3 emission limits determined as BACT are obtainable by
firing low sulfur coal, The‘economics of firing two percent
sulfur coal is evident. The applicant has the option of burning

a lower sulfur coal or installing additional S0 controls to

- meet the SO limits determined as BACT.

"The three operating scenarios proposed by the applicant, to

protect the Dade County AAQS, are acceptable. The application of
production process techniques are a recognized method to achieve

the reguired level of emission control.

Details of the Analysis qu be Obtained by Contacting:

Edward Palagyi, BACT Coordinator
Department of Environmental Regulation
Bureau of Air Quality Management

2600 Blair Stone Road

Tallahassee, Florida 32301




Recommended by:

C.H. Fancy Deputy Bureau Chief

Date:

aApproved:

Victoria J. Tschinkel, Secretary

Date:

ED/agh
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For Routing To District Ottices
And/Or To Other Than The Addretses

To: Locth.:
DEPARNMENT OF ENVIRONMENTAL REGULATION Te: Loctn.:
To: toctn,:
FlCE MEMORAN DUM From: Oate:
Raeplv Optional { | Reply Requlrea [ | info, Oniy | )

.

CateOue: . Date Due:

TO: Tom Tittle, Southeast District Ca
JUOTR G B Y ,
FROM: Bill Thomas, BAQM

DATE: May 15, 1985

SUBJ: Lonestar RDF Fuel

We have examined the proposal and concluded that the request 'will
not be likely to result in any increased emissions or emissions
of any new pollutants. The kiln is capable of accommodating RDF
and, therefore, the use of RDF would not be a modification
requiring any change to the federal or state construction
permits., :

Lower sulfur content and lower BTU value with higher moisture
content results in a decrease, or at least no increase, in S0»
and NOy. High temperatures necessary for production of

clinkers with relatively long residence times should effectively.
remove any toxic concerns, and any metals not removed during
delivery processing should be controlled by the ESP.

T

Lonestar has addressed the eguipment for handling the RDF. 1If
you and DERM are satisfied that a construction permit is not
required, we feel that the appropriate vehicle for documenting
this would be an operating permit amendment with a Method 5 and 6
at maximum RDF consumption for verification ¢of no increased
emissions.

BT/ks

-cc:  Art Bolivar, DERM




STATE OF FLORIDA

DEPARTMENT OF ENVIRONMENTAL REGULATION

BOB GRAHAM

TWIN TOWERS OFFICE BUILDING GOVERNOR

2600 BLAIR STONE ROAD

TALLAHASSEE, FLORIDA 32301-8241 VICTORIA J, TSCHINKEL

SECRETARY

February 12, 1985
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Mr, A, L. Chiles, Jr.

Manager - Engineering & Projects
Lonestar Florida Pennsuco, Inc.
P. 0. Box 122035-PVS

Hialeah, Florida 33012

Dear Mr. Chiles:

Re: Kiln No. 3 Fuel Modification

Before the Department can process your January 8, 1985, request
to burn refuse derived fuel (RDF)} in kiln No. 3, we will need the
following information:

1. Analysis of the RDF produced in the South Dade Facility,
including its Btu content.

2. The calculated emissions of regulated pollutants from burning
this RDF, and emission test data on this or a similar RDF.

3. The estimated changed in emissions of all air pollutants that
will occur when the maximum proposed gquantity of RDF is
burned in kiln No. 3.

4. A description of the RDF storage and feed system that
includes the precaution to prevent fugitive dust and
objectionable odors emissions. '

5. What is the minimum residence time and temperature the
RDF will be subject to in kiln No. 3?

6. What safeguards and honitoring procedures are proposed to
‘ reasonably assure the destruction of all hazardous compounds
b while burning RDF?

After the Department reviews your reply to this letter, we will

be able to advise you on how to proceed with your request., If

the emissions of any pollutant increases above the de minimus

levels, lLonestar will need/ﬁg submit an application for permit to
Fo

Protecting Florida and Your Qudity of Life

4‘.lli-llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll’




Mr. A. L. Chiles
Page Two
February 12, 1985

construct. If there are no increases or new pollutants emitted,
the Department and the Environmental Protection Agency may be
able to modify your existing permits to construct kiln No. 3 and
allow the use of RDF.

If you have any questions on this matter, please contact
Willard Hanks at (904)488-1344 or write me at the above address.

‘Sincerely,

C. H. Fancy,

Deputy Chief

Bureau of Air Quality
Management

CHF/WH/s
N cc: James Wilburn

| Isidore Goldman
: Raymond Moreau

Rememadediun b B b IR iy 2R i el
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Best Available Control Technology (BACT) Determination Lonestar
(Amendment )
Lonestar Florida Pennsuco, Inc.
Dade County

The applicant has requested a revision of a previous BACT
determination for sulfur dioxide emission limits for the three
"cement kilns located at their facility in Hialeah, Florida.
Federal permit PSD-FL-050, issued in 1980, specified that S0;
emissions from kiln No. 1 and No. 2 shall not exceed 56.7 pounds
per hour per kiln and 26.3 pounds per hour from kiln No.3. The
S0, emission limits were based on tests using 2.38% sulfur

content fuel oil,

Kiln No. 3 was converted from oil/gas fired to coal fired and the
emissions measured. The No. 3 kiln test results indicate a lower
absorption of S0 by the products in the kiln, and consequen-
“tly more SO is being emitted to the atmosphere than origi-
nally proposed based on the tests using oil as fuel. Based upon
the new data, the applicant has requested a revision of the S50
emission limits for the No, 3 kiln and No. 1 and No. 2 kiln both
of which will also be converted to coal-fired units as originally

proposed.

The regquested change would result in an increase of 68 lb/hr from
kilns 1 and 2 and 374 lb/hr from kiln 3 above the original limits
determined as BACT.

BACT Determination Requested by the applicant:

The following fuel operating mix for the three kilns would be:

A, Kiln l-coal (125) Kiln 2-gas(9) Kiln 3-coal(400)
B. Kiln l-gas(9) Kiln 2-coal(125) Kiln 3-coal(400)
C. Kiln l-coal(l25) Kiln 2-coal({125) Kiln 3-DOWN

* figure in parenthesis is pounds S0 emissions per hour.
Kiln operations per any of the three scenarios will not cause
violation of the Federal, State, or Dade County ambient air
guality standards.

Date of receipt of a BACT application:

June 4, 1984

Date of Publication in the Florida Administrative Weekly:

—~June 22, 1984

]\I.
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AP~42, Section 8.6-1 indicates the overall control inherent in
the process is approximately 75 percent or greater of the
available sulfur in ore and fuel if a baghouse that allows S0,

to come in contact with the cement dust used. The existing
sources use electrostatic precipitators for the control of
particulate emissions; therefore, the department believes the
maximum absorption would be 75 percent. The amount of S0,
emissions will vary according to the alkali and sulfur content of
the raw materials and fuel.

The SOp emission limits determined as BACT are obtainable by
firing low sulfur coal. The economics of firing two percent
sulfur coal is evident. The applicant has the option of burning
a lower sulfur coal or installing additional S03 controls to
meet the SOy limits determined as BACT.

The three operating scenarios proposed by the applicant to
protect the Dade County AAQS are acceptable. The application of
production process technigues is a recognized method to achieve
the required level of emission control.

Details of the Analysis May be Obtained by Contacting:

Edward Palagyi, BACT Coordinator
Department of Environmental Regulation
Bureau of Air Quality Management

2600 Blair Stone Road

Tallahassee, Florida 32301

Recommended By: Approved By:
(oA dpmrem 1/7/A |
C. H. Fancy, Dep?ty Chief Vlctotla J. Tschinkel, $ecretary
‘ 7~
Date: ||“ 8 Date: £_|52~ :483"




