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Parameter Unit Value Sg?\'g;r::‘u EIAY Sta:l\'((j)alrdy Starcc!)a'rd” Analysis Method
Stack Diameter cm. 400 - ]
Stack Temperature °c 122 - -
Dry gas Temperature % 34.0 = s - =
Air Velocity m/s 13.61 - - US.EPA Method 2
Volumetric Flow Rate Nm*/hr 375,807 = - US.EPA Method 2
Moisture % 17.86 - - - US.EPA Method 4
(6] % 76 - - - US.EPA Method 3
CO; % 27.2 - - - US.EPA Method 3
Excess O; 10% mg/Nm3 23.3 50 - - -
TSP " Excess 02 7% n;,gm..r;i, 27.3 - - 320 0 US.EPA Method 5
 Actual 0, mgNm® 261 - 50
Excess Oz 10% mg/Nm3 N.D. 500 - -
SO; " Excess 027% | ppm " ND. L = 700 50 US.EPA Method 6
T Actual Oy | mgim®(ppm) | N.D.(N.D) - . = -
. Excess Oz 10% mg/MNm 156 800 - -
NOJ(asNO,) =~ ExcessO;7% |  ppm | 96.7 - 400 600 US.EPA Method 7
" ActualO: | mg/m® (ppm) 174 (92.5) - o "=
Excess Oz 10% mg/MNm 414 - - -
co T Excess 027% | ppm 422 : . 690 . US.EPA Method 10
T Actual Op | mgim®(ppm) | 463 (404) . = e -
Excess O, 10% 10.6 30 - -
NH3 Excess 02 7% | 124 N z | US.EPA Method 301
TActual 0, 119 S ) -
Excess Oz 10% 0.89 30 - -
HCl Excess 0, 7% | mgNm® |  1.04 160 - US.EPA Method 26
T Actwalo; | mgNm® 0.99 - B e
. Excess 02 10% N.D. - -
CeHs  Excess0; 7% N.D. . ' NIOSH Method 1501
" Actual O, N.D. - -
Excess Oz 10% 23.5 100 -
VOC Excess O; 7% 29.9 - : US.EPA Method 18
Actual Oz 28.6 -

g ]
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Parameter Unit Value sngai:j" EIAY Stanr:ldoalrdy Stargrd” Analysis Method
Stack Diameter cm. 400 - - =
Stack Temperature % 123 -
Dry gas Temperature °c 40.6 = .
Air Velocity m/s 15.37 - - - - US.EPA Method 2
Volumetric Flow Rate Nm¥hr 436,043 - B B US.EPA Method 2
Moisture % 15.63 - - - US.EPA Method 4
0O, % 1.6 - = - - US.EPA Method 3
CO2 % 16.4 - . - US.EPA Method 3
Excess 02 10% mg/Nm” 82.50 50 - - -
TSP Excess 02 7% mg/Nm3 96.4 - - 320 300 US.EPA Method 5
Actual O; “mg/Nm® 64.5 - 50 ' T
! Excess 02 10% mg/Nm” N.D. 500 - - -
SO; ! Excess0,7% ppm N.D. - - 700 50 US.EPA Method 6
" Acwalo, | mgNmi(ppm) | N.D.(ND.) - - T B
. Excess 02 10% mg/Nm 715 800 - - -
NOx(asNO;) | Excess0;7% ppm 444 - - 400 600 US.EPA Method 7
" Actwalo, | mg/Nm (ppm) 559(297) - e T . e
! Excess 02 10% mg/Nm 699 - - - =
cO i Excess 027% ppm 713 - - 690 - US.EPA Method 10
" Acualo, | mg/Nm (ppm) 546(477) - : - I
. Excess 02 10% mg/Nm” 12.4 30 - . -
NH; | ExcessO;7% mg/Nm® 14.5 ; ; ; - US.EPA Method 301
 Actual Oy “mg/Nm 9.69 - - _— .
| Excess 02 10% mg/Nm® 0.0022 30 - . -
HCI . Excess 027% mg/Nm”® 0.0025 - - 160 - US.EPA Method 26
L Actual O, mgNm 0.0017 - - T m -
Excess 02 10% mg/Nm® N.D. ~ ) g -
CeHs Excess 02 7% mg/Nm” N.D. . - . - NIOSH Method 1501
Actual O, “mg/Nm N.D. . - B -
¢ Excess 02 10% mg/Nm® 30.9 100 ” - -
VOC  Excess0,7% mg/Nm?® 39.4 - - . . US.EPA Method 18
 Actual O, “mg/Nm 26.3 - - - -
Remarks : " The concentration of emission air is based on the reference condition at temperature of 0
O, pressure of | atm or 760 mmHg, dry basis and excess oxygen of 10%
Y The concentration of emission air is based on the reference condition at temperature of 25

OC, pressure of 1 atm or 760 mmHg and dry basis.

3 and 4/ : R . ..
md 4/ The concentration of emission air is based on the reference condition at temperature of 25

Sources :

OC, pressure of 1 atm or 760 mmHg, dry basis and excess oxygen of 7%

- N.D. = Not Detected
- N = Normal condition means reference condition at temperature of 25 OC, pressure of 1 atm or 760

mm.Hg, and dry basis.

v Requirement value by client. (Benchmark value : Holcim Group Standard.)

Y Emission Air Standard according to EIA study.

H Notification of Ministry of Industry, B.E.2548 (2005)

Y Notification of Ministry of Industry, B.E.2547 (2004), Emission Standard for Old Lime

Factory.

a a y = N > a = s a v = s Y
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Parameter Unit Value Star(?alrd" Analytical Method
Stack Diameter cm. 400 < -
Stack Temperature °c 120 - -
Dry gas Temperature °c 35.0 - -
Air Velocity m/s 13.56 - US.EPA Method 2
Volumetric Flow Rate Nm*/hr 378,740 - US.EPA Method 2
Moisture % 17.32 - US.EPA Method 4
02 % 7.6 - US.EPA Method 3
CO2 % 272 - US.EPA Method 3
Arsenic (As) ug /INm® 61.7 16,000 US.EPA Method 29
Cadmium (Cd) ug /Nm’ 0.69 - US.EPA Method 29
Cobalt (Co) nug /Nm’ 1.38 - US.EPA Method 29
Chromium (Cr) ug /Nm’ 277 - US.EPA Method 29
Copper (Cu) ng /Nm’ 8.88 24,000 US.EPA Method 29
Mercury (Hg) nug /Nm’ 0.69 2,400 US.EPA Method 29
Manganese (Mn) ug /INm’ 63.4 - US.EPA Method 29
Nickel (Ni) ug /Nm’ 0.16 - US.EPA Method 29
Lead (Pb) ng /Nm’ 21.9 24,000 US.EPA Method 29
Antimony (Sb) nug /Nm’ 36.4 16,000 US.EPA Method 29
Thallium (TI) ug /Nm’ N.D. - US.EPA Method 29
Vanadium (V) ug /Nm’ 6.46 - US.EPA Method 29

A191497 11 nan1sasaadalanzutinandaadealsaanu 1 ANBNITUART 2 11D 25/05/48

Parameter Unit Value Stalr\:ldoalrd" Analytical Methodﬂ
Stack Diameter cm. 400 = -
Stack Temperature °c 123 - -
Dry gas Temperature S 37.4 - -
Air Velocity m/s 14.83 - US.EPA Method 2
Volumetric Flow Rate Nm¥hr 424,497 - US.EPA Method 2
Moisture % 14.85 - US.EPA Method 4
02 % 11.6 : US.EPA Method 3
CO2 % 16.4 - US.EPA Method 3
Arsenic (As) ug /Nm® 67.0 16,000 US.EPA Method 29
Cadmium (Cd) ug /Nm' 1.90 - US.EPA Method 29
Cobalt (Co) ug /Nm’ 0.36 - US.EPA Method 29
Chromium (Cr) ug /Nm’ 1.82 - US.EPA Method 29
Copper (Cu) ug /Nmy 1.86 24,000 US.EPA Method 29
Mercury (Hg) ug /Nm’ 5.84 2,400 US.EPA Method 29
Manganese (Mn) ug /Nm’ 12.0 - US.EPA Method 29
Nickel (Ni) ug /Nm’ 1.28 - US.EPA Method 29
Lead (Pb) ug /Nmy’ N.D. 24,000 US.EPA Method 29
Antimony (Sb) nug /Nmy’ N.D. 16,000 US.EPA Method 29
Thallium (TI) ug /Nmy’ N.D. - US.EPA Method 29
Vanadium (V) ug /Nmv’ 2.19 - US.EPA Method 29
Remarks: -  The concentration of emission air is based on the reference condition at temperature of 25 OC. pressure
of I atm or 760 mmHg, dry basis and excess oxygen of 7%
- N.D.= Not Detected

a a4 a 7 o v a = s
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(w7 uanalAdan159% 13

" anunnudaudseadullan inneiinngguees wen. uaz ASTM uana lAaamn

§47 14
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AN99T 12 wansreaadadFinalansminaanuntzaniud e lull 2548

NAN1IATIATA
WITHIRDT nune 199971 2 19997 3
A19TUY (As) mg/l N.D. N.D.
wAALNEIN (Cd) mg/l 0.024 0.026
TagWaw (Cr) mg/l 0.391 0.400
NnaduAd (Cu) mg/l 0.018 0.020
mxii (Pb) mg/! 0.356 0.418
Usan (Hg) mg/! N.D. N.D.
AInzd (Zn) mg/! 0.117 0.118
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A197 13 Inuaiinuun AN LA 189 IR UL UT UAUATIAYY

s Rl wuag ANAILANT D999
Silicon dioxide (SiO,) Fouas 20-22
Aluminium oxide (AL,0,) Jouay 4.5-55
Iron (1) oxide (Fe,O,) faeaz 3-3.6
Calcium oxide (CaO) EGHEE 65-67
Magnesium oxide (MgO) faeas <25
Total alkalies (Na,0+0.658K,0) foray <06
LSF fouaz 92-97
Loss on ignition (LOI) foeaz <0.5
Insoluble residue (Insol.Res) foeaz <05
Tri-calcium silicate (3Ca0.SiO,) forny > 58
Di-calcium silicate (2Ca0.SiO,) Faeas > 12
Tri-calcium aluminate (3Ca0O.Al,O,) fouas <8
Tetra-calcium aluminoferate (4Ca0.AlO, Fe,0,) G 9-11
Free CaO XatA <20

. ¥V
S a = 4o = = s a v = ¢ o v 5
ﬂﬁ"lj@ll'm‘liuﬂl%ﬂﬂ‘lﬂ-l?JNiﬂUllﬂ ﬁmsummamjwmuuﬂ Uikﬂ’\du"ﬁmuﬂuﬂﬂiﬂji 109 (U¥u) 153u 1



1 24 90 3 1

A3 14 st ud i esUTE Yud muuasiacs 1dn (1)

B ANANUTANI9LAY] . . .
1l MNaUNARY ASTM | ATAILIAN
WRY HAN. AAILFTHEN
Silicondioxide (SiO,) fouaz - 20-22
Aluminiumoxide (Al,0,) Fouaz - 4-6
Iron (I11) oxide (Fe,0,) foraz . 3-4
Calciumoxide (CaO) fauaz . 64-67
Magnesiumoxide (MgO) foeAz Max. 6.0 < 3.0
Sulfurtrioxide (SO,) 1ila 3Ca0. ALO,>8 | fauaz Max. 3.5 <30
Loss on ignition (LOI) G Max. 3.0 <2.0
Insoluble residue (Insol.Res) Snaaz Max. 0.75 <0.5
Tricalciumsilicate (3Ca0.SiO,) Fotiny - > 58
Dicalciumsilicate (2Ca0.SiO,) fouaz : >10
Tricalciumaluminate (3Ca0.Al,0,) Soaaz . <8
Tetracalciumaluminoferate (4Ca0O.ALQO,. .
TRUAY . <12
Fe,O,)

& A 4 o w - = s aw = s 0w =
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6.2 HANTENURENAAATUAINMNS M L8 1WA 181950 e UE

6.2.1 NSTUIUNTTEUIAR
TunsruaunisuanaziinisAauAuesAlIznauwarAun naadn gAuRdngwia w1

WanzaNTUNSTUIUNNIHAR uaziinsAruAuAnn wnduney e W ldednAusidannimany
Iz 4 R o " Y oa od o om
NIATFIUANIUUA Fannut nAn1aTseauiinisaauauTinudame fludemasialeanunsinag
Cake azauTiUT e aufouRnfunTa (Riser Pipe) WATA 121 UNINITANAY
Combustion Gas aanannuiawn ganansznulian nudeiduaduazieiaAn1aIN1THanLu
Winas uiduiuninin@ewdesesnausan idude mdsdnaiav ity azhidiuansznusie
a o 1 = el o y A o v o ooy o«
NITUAUNTHAR HiesannidemAsesnoudinn ldasivfunudame findiResiuan luiuaznis
lenuaziinsauauaun e e maeguda AatmsniulalddinininFemaiserneausiun
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N3 1% @ amaea19snausldudn (Used Tire) Tutl5unns 500,000 wdusiall wiaaaduimin
Uszanns 10,000 suseil ivdewigiunsonaunudemasatuiuuasan ludad i szunn 25,000

fusall (AN ufauTad8NTnEUAYINGTL 9,000 RlauAaaIfan.n. uA AR ALTe WAL L 79w

1 A 3,600 nlauAassAan.n.)

6.2.2 Qmm‘wmmﬂﬁ‘a‘:mg@@nmnﬂdm

Tunnstin@emasaesneudliuda unlfidudemaeaslidanansznusefunuduazees
fratamaflneanlas uazfrreenlafuedlulnsauiiszurgeanainiaes Wesanifadoiifing
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nsznuReUTinuguareadisruaaanainlaes AnuUszansninlunisdudiueaATeIl AN
Wl1anm (Electrostatic Precipitator;EP) FausundldfamaaTas EP A szansnanlunisdudu
v o d’d ' 5V v g W dl ' =
Youaz 99.9 wariladufiiinansznuseiuinfiigesnlasduesluinsauiszuiaeanainlaes Ao
= v . ' = £ a =
annznaAumiawnn (Operation Control) 1y grunniilumiawn Wsunuesniiau laglrauazi
mmfm@mmq:‘lun’mﬁwﬁ@Lmﬂﬁmmzmlmmﬁi@LﬁmLﬁ@ﬁ‘lﬁmwana:wumni:mummﬁm
uazAMNMTANARIIT aansingeinegUnsailiesiunafivbiegluanminaanina Ty

dnurnaiinniadamasineentas (S0,) Arzunsaanainlass Aanswnvifiesdamasiuing
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Funarluide mwda 2agnuaaiFonusenlad (Cao) tingluingAudunazsanmm Wunaadandawn

(CaSO,) viFafiiFundn Desulfurization n1alumifaiu Ay Yiunufadamlaslaoonlsanszune

g d‘ v;:i‘f a BT = ' v q,diil a a :ll .;/
aanandaeaiinldide maseesneud ifuda Ahivansgidaannislfimemasminou] wananu

TudamasanasnoudidudaiiiuudamefilussdlrznenindAeeiude maaniitliag

faquiu Alihdsmain Wifinuisfameslass nlasszunaeanaINUae i IUAINEN

el ak s uuuAnasanaaninAans lunsoiin1s o usesneus linnn 500,000
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Fia HanIsAMAIAIAATTA1I R 1518 Fanudninnurisnejeg lutoanasguAILAN
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M19197 15 a9Arznavvedemauazdngauideudngnn

< Waste type Mosture |Arsenic (As) Cromium (Cr) |Copper (Cu) an_d (Pb) Nercuyyv(Hg) Zipg(Zp) 5 Thallium (T) Cadmium(Cd) Vana_di;jm _(V
- o | pom | pm | pom | pem | pm. | ppm | pom |- ppm - | ppm

. Coal 18.0% 230 3.2 0.8 4.2 2.6 16.5 8.9 0.3 19.0
3 Lignite 22.0% 9.1 0.5 0.8 42 2.6 0.3 8.9 0.3 5.0
- |Anthracite 18.0% 9.1 3.2 0.8 4.2 2.6 16.5 8.9 0.3 19.0
E Petcoke 18.0% 9.1 6.7 0.8 42 2.6 17.6 8.9 0.3 503.7
HFO 0.0% 9.1 0.5 0.8 4.2 2.6 6.4 8.9 0.3 315

Used tyre 5.0% 03 10.1 7.6 20.6 01 17130 0.7 0.0 67.5
Tradtional raw materials 3.0% 10.2 5.9 6.9 42 0.2 108.3 8.9 0.3 91.1

T 4o v £ = e s 0w <
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Description ;;;'1 _GJIT To:sactory IBJ Trace elements Wi Fac1
o Coal 75% 21 841 17,663 | [Arsenic ( As ) ppm 25 44
@ [Lignite 24% 16 353 5,652_| [Cromium ( Cr) opm 60.99
L; Anthracite : 25 0 0 Copper( Cu) ppm 14.58
i :T_’"citgoke = :O 2 226 Lead (Pb) ppm 27.11
= =1 Mercury ( Hg) ppm 2.34
Used tyre 50 - 15 450 | [Zince (Zn) opm | | 16,371.96
Allormaiarye_ o Thallum ( 1) ppm | | 1652
AlternativeFuel #3 Cadmium ( Cd ) ppm T 0.61
AlternativeFuel #4 -
L [AlternativeFuel #5 Vanadium (V) ppm AL
< [AlternativeFuel #6 Nickef { Ni) PP e
AlternativeFuel #7 : Tradé iGmanis Unit
AlternativeFuel #8 TR e T s : -
AlternativeFuel #9 Arsenic (As ) glt.cl 17.73
AlternativeFuel #10 Cromium ( Cr) g/t.cl 76.87
Alternative RM #1 Copper( Cu) glt.cl 10.50
Cé Lead ( Pb) g/t.cl 6.95
Mercury ( Hg) gl/t.cl 0.60
Zince ( Zn) g/t.cl 196.85
Traditional Raw materials 11,625 Thallium ( TI) gl/t.cl 14.60
Cadmium ( Cd ) gl/t.cl 0.56
[Clinker production ( ton/day) 7,500 \N/iacr:(ae?lzﬂsi()v ) g;:z: 163;5?6095
{Heat consumption ( MJ / ton.clinker) 3,200 '
Bascription - - Eagtoy 3
e e Tons - Gd
Traditional Fuels 1,200 23,550
Altemative Fuels 15 450
Altemative Raw materials 0 0
Clinker production ( ton/day) 7,500

N 4 e w a = s aw = p o _
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A5 17 dunnimaansTuuuia

Accept. Limit L
Factory 1 14.89|  75.33 9.24 5.14| 0.01 196.85| 1.46| 0.46|118.19 54.69

. I
a a a 7 o @ a = a v = d °_w 5,
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Department name Holcim (US) Inc. Phone 734 529 2411
6211 Ann Arbor Road www.holcim.com/us
P.O. Box 122

Dundee, Ml 48131

chcim

Memo

To: Christine Bragge

cc: Plant Management Team, Ralf Osswald

From: David Kryscynski
david.kryscynski@holcim.com

Date: December 5, 2004” %

Subject: November 2003 Emissions Testing at Ada

Summary

In order to demonstrate the environmental impact of burning whole tires through the mid
kiln the Ada Plant planned and performed emissions testing in November 2003 with the
newly certified Continuous Emissions Monitor (CEM). The components monitored during
this testing were: Oxygen (O,), Nitrogen Oxides (NO,), Sulfur Dioxide (SO,) and Carbon

Monoxide (CO). The components of interest from an environmental perspective are: NO,,
S0,, and CO. The formation of these components is dependent upon the available O,, so
comparisons were made based on measured O, levels.

The test was designed to determine the baseline emissions with coal as the only fuel on the
kiln, then add tires systematically to observe the impact. Four scenarios were tested:

Coal baseline — no tires on the kilns
1 tire per revolution on each kiln

2 tires per revolution on each kiln

3 tires per revolution on each kiln

O



The test series demonstrates that whole tire substitution in the mid kiln does not
have a negative impact on emissions. The results of the emissions study for

each component are as follows and shown in Figure 1:

NO, — All scenarios with tires demonstrated lower emissions than the coal
baseline. The scenario with one whole tire had the lowest emissions. The
emissions incrementally increased with additional tires but remained
below the coal baseline. The conclusion for NOx is that whole tire
substitution benefits emissions.

« SO, — The highest emissions came from the one whole tire scenario. The
scenarios for two and three tires were both below the coal baseline. The
conclusion for SO, is that substitution higher than one whole tire per
revolution does not have a negative impact on emissions.

CO — All three tire scenarios demonstrated higher emissions than the coal
baseline. The data clearly shows a low and consistent CO level for coal
only, then increasing emissions with whole tires. The conclusion for CO is

that whole tire substitution negativelyFigure 1: Emission Rates for CO, SOz, and
NO, for each test scenario
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From a regulatory perspective in the US, NO, and SO, are more significant
pollutants than CO. For this reason, the benefit shown for SO, and NOx offsets
the negative iimpact on CO emissions. In addition, the envioronmental impact of
consuming more than 2 million tires per year must be considered. The emissions
benefit of NO, and SO, combined with the land fill avoidance of tires makes
burning whole tires an environmentally beneficial option.
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The variations in CO, SO, and NO, emissions between the four scenarios are

due to changes in the fuel:oxygen ratio and flame temperature in the burning

zone. The impacts of these changes will be addressed in the body of this report.

Introduction

The Ada Plant Continuous Emissions Monitor (CEM) was installed mid 2003 and
certified at the end of October 2003. In order to demonstrate the environmental
impact of utilizing whole tires in the mid-kiln, the Ada Plant planned and

performed emissions testing with the CEM. The test began at 4:00 am on

11/17/2003 and concluded at 7:00 pm on 11/18/2003.

According to the State of Oklahoma Department of Environmental Quality (DEQ)

the Ada Plant baseline fuel is coal. We first performed a run to establish the

baseline emissions with only coal on the kilns. The strategy was to burn the kiln
as if no other fuel was available. To do this the tire door was closed and the mid-
kiln mixing air was turned down to 20% output (the minimum setting to prevent

equipment damage).

The matrix of actual test runs is shown below in Table 1:

Table 1: Matrix of Actual Test Runs

Start Time |[End Time ;Run Coal Whole |[Tire Tire Door Mixing
Description (on/off) |Tires |Chips |(open/closed) Air (%)
- (trev) |(on/off)

11/17/2003 |11/17/2003 %Coal Baseline |On 0 Off Closed 20

4:00 am 12:45 pm | B

11/17/2003 [11/18/2003 1 tire target  |On 1 Off Open 100

4:00 pm 12:15am | - B )

11/18/2003 {11/18/2003 2 tires target  |On 2 Off Open 100

3:00 am 12:00 pm o o

11/18/2003 |11/18/2003 '3 tires target |On 3 Off Open 100

12:15 pm  |6:45 pm i

The time for each run was set at 9 — 12 hours or as long as the kilns could both
sustain the condition. The actual test runs were less than 9 hours each. Even
with less time than planned, the data shows distinct changes in emissions from
scenario to scenario. The results of each run will be discussed in detail in the

body of this report.




Formation of Criteria Pollutants

The three pollutants studied in this emissions testing are CO, SOz and NOx. To
understand the results of the testing, it is important to consider the conditions of

formation for each species. In a combustion process, all three are strongly
dependent upon the oxygen concentration. Figures 2-5 show general

relationships between each species and the oxygen levels. In the case of NOy
there is also a strong dependence on flame temperature.

The assumption for Figures 2-5 is that all variables, besides oxygen level and

flame temperature, are relatively constant. Other variables impact the formation
of CO, SO, and NO, but these were kept constant over the testing period shown
in the charts above. For example, during the testing period we assume a
constant sulfur input in the raw material feed; it is well documented that changes
in the kiln feed sulfur dramatically impact SO2 emissions.

Figure 2: CO ppm vs Inlet O, for Ada Kiln 2

Figure 3: SO, ppm vs. Inlet O, for Ada Kiln 2
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The primary reason for the formation of CO, assuming sufficient heat for
combustion, is lack of oxygen. Typically in a cement kiln this is due to
incomplete mixing. Figure 2 shows the documented relationship for the Ada kiln
during emissions testing in December 2002. As the oxygen concentration
decreases, the CO concentration exponentially increases.

The formation of SO, is also dependent on the oxygen concentration, but the
relationship shown in Figure 3 is less dramatic. The relationship to oxygen
concentration appears to be linear for SO2, not exponential as with CO. Its,
however important to note that higher CO concentrations inhibit the scrubbing
ability of the kiln environment and cause increased SO, emissions. There are
several other significant drivers for the formation of SO in the cement

kiln. These drivers include: sulfur concentration (and type) in the kiln feed, sulfur
concentration in the fuels, alkalai concentration in the kiln, oxygen concentration
and temperature. For a detailed discussion of SO, formation in the cement kiln
please refer to “Formation and Emission of Sulfur Dioxide from Portland Cement
Industry” by F. MacGregor Miller. This paper is available on ICM and through the
US Portland Cement Association. The principles discussed in the above paper
will be used to explain the behavior of SOz emissions during the recent Ada

emissions testing.

Figures 4 and 5 show the stong relationship of NO, to oxygen concentration and
flame temperature. The primary source of nitrogen in the kiln is the combustion
air. High oxygen concentrations with high temperatures drive the formation of
NO,. For a relatively constant temperature scenario (data in Figure 4) the NOx
demonstrates a linear relationship to the oxygen concentration. For constant
oxygen scenarios (Figure 5) the NOx demonstrates an exponential relationship to
the temperature. A more detailed discussion of NOy formation in a cement kiln
can be found in “NO, Emission and Variability in Cement Kilns” by Nianzhi Wang,

Holcim (US) EAD. This paper is available on ICM.
There are several important issues to note from this section:

«  The formation of all three criteria pollutants are a function of the oxygen
concentration. For this reason the data will be shown relative to the
oxygen %.

. The data and relationships demonstrated by Figures 2-4 are for all
conditions constant except the oxygen %. For Figure 5 the data is for all
conditions constant except oxygen % and temperature.

In comparing the data from the coal baseline to the scenarios with tires, other
conditions change in the kiln system. These changes will be illustrated and
discussed in each section. Figures 6-8 below show the behavior of each
pollutant during the emissions testing. The results illustrated in these figures will

be discussed in detail below.the



Figure 6: CO ppm vs. stack O,%
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Figure 8: SO, ppm vs. stack O,%
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Baseline Kiln Operation (100% coal)

A brief introduction to the Ada kiln system is essential to understand the data

from the emissions testing. Ada has two identical long wet kilns. A diagram of

one of the kilns is shown in Figure 9. Both kilns are direct fired kilns. During

normal operation, the primary fuel is coal with 15-25% substitution using whole
tires mid kiln and tire chips at the firing end. The kilns typically run at 110% of

the stoichiometric oxygen requirement. This means that ~10% excess air is
continually fed into the kiln system.

Figure 9: Diagram of one Ada Kiln
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For baseline kiln operation, the tire door is closed and the mixing air fans are
turned to the lowest setting possible (20% output). For this scenario
approximately 108% of the required combustion air enters through the firing end
and ~2% enters through the mid kiln mixing fans. With 108% of the required
combustion air entering through the firing end, there is an excess oxygen
condition at the main flame. The predicted results for this condition are:

« High NO4 emissions
o Low SO, emissions
« Low CO emissions

A diagram of the baseline situation is shown in Figure 10.

Figure 10: Kiln Diagram for baseline (100% coal) operation
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As shown in Figure 4, ~108% of the required combustion air is added to the kiln
system through the firing end. In this situation there is more oxygen than
required at the main flame; the oxygen:fuel ratio in the burning zone is high with
8% excess air at the main flame. This results in high NOy, low SO, and low
CO. The specific emissions for each run are shown in Table 2.

Table 2: Average emission rate (Ib/hr) and oxygen:fuel ratio in burning zone

]

Species Baseline |1tire 2 tires (3 tires

(Ib/hr)  [(Ib/hr)  (Ib/hr) |(Ib/hr)
NO. 718 258 412 |07
S0, Ti23e se7 1201 1141
co 320 #@?'*{157‘:'5?6” ]
Oxygen-Fuel [1.08 102 113 [t 27
Ratio in i

burning Zone -

e e i 8 i




1 Whole Tire per Revolution

As shown in Table 2, NO, emissions decrease while SO and CO emissions
increase from the baseline case to the 1 whole tire scenario. This is primarily
due to the change in the oxygen:fuel ratio and a reduced flame temperature in
the burning zone. A diagram of this kiln scenario is shown in Figure 11.

Figure 11: Diagram of 1 whole tire per revolution scenario
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The new oxygen:fuel ratio in the burning zone is significantly lower with only 2%
excess air at the main flame. The primary air flow rate (transport air for the coal)
does not change. This means more cold transport air for less coal and a
decreased flame temperature. The decreased flame temperature and the lower
oxygen:fuel ratio in the burning zone cause the dramatic decrease in NO from

the baseline.

The decreased oxygen:fuel ratio has the opposite effect for CO and SO2. The
reduced oxygen condition causes a significant increase in the CcO
concentration. The increased CO concentration decreases the scrubbing
efficiency of the kiln system to SO2. This effect combined with the lower oxygen

concentration causes the large increase in SO2.



2 Whole Tires per Revolution

When the tire feed rate is increased to 2 whole tires per revolution (~18% fuel
substitution), the oxygen:fuel ratio changes again. The total fuel input and the
total oxygen input remains constant. The location of fuel input changes, but the
locations and quantities of air input are the same as the scenario with 1 whole
tire per revolution. A diagram for this scenario is shown in Figure 12.

The new oxygen:fuel ratio in the burning zone increases significantly over the
scenario with 1 whole per revolution. The new ratio is 1.13. This indicates
excess oxygen of approximately 13% at the main flame. The excess oxygen for
this scenario is greater than the excess oxygen for the coal baseline. From this
we expect to see the NOy increase over the coal baseline.

Figure 12: Diagram of 2 tires per revolution scenario
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There is an increase in NO,, but not up to the coal baseline level. As previously
mentioned, as more fuel is added in the mid kiln, less fuel is added at the main
flame with constant primary air. With the addition of a tire there is a reduction in
main flame temperature. The two effects, increased NOx due to higher oxygen
and decreased NO, due to lower flame temperature, work against each other for
a net impact of emissions slightly higher than the 1 whole tire scenario but
significantly lower than the baseline.

There are also conflicting effects with CO and SO,. For CO, we expect to see a
significant decrease due to the excess oxygen in the burning zone. There is a
slight decrease, but the emissions are still much greater than the baseline. This
is due to the increase in lump fuel in the mid-kiln. The lump fuel creates a mixing
limited reaction and is more prone to incomplete combustion.
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The CO generation at the main flame most likely decreases while the CO
generation at the mid kiln increases. The net empirical effect is a slight
reduction from the 1 whole tire scenario.

For SO, we expect a significant reduction from the 1 tire scenario because of the
increase in excess oxygen at the main flame. The CO concentration decreases
slightly which causes a slight increase in the ability of the kiln to scrub the

S0,. The data verifies this expectation; the SO, emissions drop significantly
below the 1 tire scenario and slightly below the baseline.

3 Tires per Revolution

The analysis for 3 tires per revolution is very similar to the analysis for 2 tires per
revolution. By adding an additional tire the oxygen:fuel ratio at the main flame
changes again. The new ratio is 1.27 representing ~27% excess air at the main
flame. Figure 13 shows this scenario.

Figure 13: Diagram of 3 tires per revolution scenario
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For NO,, again, the increase in oxygen at the main flame and the decrease in
flame temperature offset each other for a net effect of a slight increase over the
previous scenario but still lower than the basleine.

For CO, again, the increase in oxygen at the main flame and the increase in lump
fuel in the mid kin work against each other to result in an increase in CO over the
previous scenario and the highest CO emission overall.



For SO, the increase in oxygen at the main flame and the increase in CO work
against each other for a net result of a slight decrease in emissions and the

lowest SO, emission overall.

The result of the emissions testing shows an overall benefit to emissions. From
regulatory perspective in the US, the impacts of NOx and SO» are considered
much greater than the impacts of CO. For this reason, a decrease in the former
is considered more beneficial than an increase in the latter. The other significant
consideration is the environmental benefit of safely disposing of the tires. The
Ada plant will consume more than 2 million tires in 2003.

In addition, the 2003 mid-kiln substitution rate at Ada is ~18%, an average of
approximately 2 whole tires per revolution. The year to date operation shows a
benefit over the coal baseline operation.
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