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Abstract

This study was conducted for developing the emission factors of nitrogen oxide(NOx) and carbon
monoxide (CO) from the combustion boilers burning liquefied natural gas (LNG). These emission factors were
compared with those of U.S. EPA and European Environment Agency (EEA). NOx and CO concentration in the
flow gas were measured using Kane-May, KM9106 and Thermo Environmental Instruments Inc., 42C-HL.
Measurement were conducted at thirty industrial and commercial LNG boilers. Emission factors were calculated on
the basis of fuel consumption (kg—pollutant/m*-fuel burned). NOx concentration at industrial boiler was 14~ 125
ppm and it was measured as 35~ 125 ppm at commercial boiler.

NOx emission factors of industrial boiler and commercial boiler were 1.84 kg/m® and 2.09 kg/m®, respectively.
NOx emission factor of commercial boiler was higher than that of industrial boiler. The NOx emission factors
estimated in this study were lower than those of U.S. EPA and higher than those of EEA.

Average CO emission factor of industrial boiler was 0.65 kg/m? and at commercial boiler it was 0.70 kg/m®. CO
emission factor at industrial boiler was lower than that at commercial boiler.
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Fig. 1. Trend of LNG consumption.
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Table 1. Specification of instruments and target pollu-

tants.
Instruments Analysis method
Kane-May 9106 Electrolysis method
NOx Teco NOx Analyzer Chemiluminescence
(NO, NO,, NOx) method
CO,, CO. O, Kane-May 9106 -
Temperature Kane-May 9106 -

Table 2. List and details of boilers used in this study.

Industrial boiler Commercial boiler

Site No. Boiler capacity  Boiler  Boiler capacity Boiler

(Steam ton/hr)  type  (Steamton/hr)  type

1 1,000,000 kcal/hr -~ *** 1.5 ok
2 1,000,000 keal/hr ~ *** 1.5 *
3 3 * 1.5 *
4 3 * 2 *
5 3 * 2.5 *
6 4 * 3 *
7 5 * 5 *
8 6 * 5 X
11 10 *x 10 *
12 15 ok 15 o
13 15 * 20 ok
14 20 *k 20 **

15 40 ok 8,000,000kcal ~ ***

* : Smoke Tube Package Boiler
*#* : Water Tube Package Boiler
#x% : Multi Tube Type Boiler
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Table 3. Load and FGR status (on/off) of boiler at each
operation mode.

Mode Load (%) FGR On/Off
1-On 100 On
1-0ff 100 Off
2-On 75 On
2-0Off 75 Off
3-On 50 On
3-0Off 50 Off
4-On 30 On
4-0Off 30 Off

Gd=Gw—(H,+2CH, +% CH,) )

Gd 7M7) 7k (Smd - A A SmP - 8)

Gw 717k (Sm’—Ful b2 /Sm' - 5)

H, H¢) 44 (Sm’)

CH, :CH,®] ¢4 (Sm’)
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Fig. 2. Comparison of flow rate estimated by insitu mea-
surement and by theoretical method.

Table 4. NOx and CO concentration measured at indus-

trial boilers. (Unit : ppm)
Exhaust gas
Site No.  (Sm’ Exhaust NO NO, NOx CO
gas/Sm*-LNG)

1 15.09 - - 4208 23.18

2 11.08 89.00 0.00 89.00 444.00

3 51.88 13.60 000 13.60 1.60

4 15.97 5523 0.00 5523 3100

5 14.79 78.19  0.00 78.19 4.98

6 14.43 6493 000 6493 0.86

7 23.45 39.27 002 3929 7.20

8 14.88 56.08 000 56.08 1.40

9 16.14 53.67 0.00 53.67 5.08

10 9.69 12543 0.02 12545 12740

11 11.05 59.11 043 5954 5.04

12 11.84 7553 000 7553 6.35

13 11.32 64.14  0.52  64.66 1.87
14 10.95 99.10 0.00 99.10 12.41
15 12.42 76.50 001 7651 7.68
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Fig. 3. Distribution of NOx emission factors for industrial
boiler.

Table 5. NOx and CO emission factors estimated at each
capacity class of industrial boilers.

Capacity (Steam ton/hr) ~ NOx (kg/10°m*)  CO (kg/10’'m’)
Small (1~ 3) 1.82 1.24
Middle (4~ 10) 1.85 0.39
Large (11~) 1.88 0.10
Average 1.84 0.65
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Table 6. NOx and CO concentrations measured at com-
mercial boilers. (Unit : ppm)

Table 7. NOx and CO emission factors estimated at each
capacity class of commercial boilers.

Exhaust gas

Site No.  (Sm*-Exhaust NO NO, NOx CO
gas/Sm*-LNG)

1 12.65 3500  0.00 35.00 357.00
2 13.77 61.00 000 61.00 1058
3 13.93 8609 0.00 8609  6.09
4 14.26 4564 000 4564 832
5 13.58 6250 0.00 6250 @ 5.44
6 11.73 7447 002 7449 2699
7 9.94 11232 000 11232 198.55
8 12.24 9239 000 9239 27.00
9 13.27 88.86 0.00 88.86 983
10 11.62 82.65 0.00 8265 685
11 11.76 9593 0.00 9593 16.38
12 10.82 9560 0.00 9560 496
13 14.16 12485 0.00 12485 11.18
14 11.63 80.88 0.00 8088 16.56
15 16.30 36.08 0.00 3608 417
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Fig. 4. Distribution of NOx emission factors for commer-
cial boiler.
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Table 8. Rating criteria of test data quality.

Test data

. Criteria
quality

A Test are performed by a sound methodology and are
reported in enough detail for adequate validation

Tests are performed by a generally sound
B methodology, but lacking enough detail for
adequate validation

Tests are based on an unproven or new
C methodology, or are lacking a significant amount
of background information

Tests are based on a generally unacceptable method.
D but the method may provide an order—of
magnitude value for the source
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Table 9. NOx and CO emission factors of industrial and
commercial boiler burning LNG.

P—
fuctor (k/10'm’y  Standard  Coefficient
deviation  of variation

Average Max  Min

Industrial

boiler (15) 1.843 3.055 1304 0456 +24%
NOx Commercial

boiler (14) 2091 3.630 1208 0.567 +27%

Industrial o662 6149 0026 1513 +228%
co boilerds) : - ‘ e

Commercial

boiler (14) 0350 2466 0.067 0.59 +170%
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W&A47F 257 23k Qo)

W o3 EPAA AAsRe A4, 44, 7
A AHEEE Bz Ade g WEASLE =
113} zbet,

H-H 3] EEA v} &45= 4294 (Point Source)
A9} W2 (Area Source) AlFE FE-e] FHo9]
o el A4 4 s AR 300 MW o]E}

Table 10. Emission factors of combustion facilities burn-

ing LNG. (Unit : kg/10’m?)

TSP SO, CO HC NOx

Commercial 0.003 0.01 0.64 0.18 2.62
Industry 0.1 0.01 0.56 0.09 2.00

Mobile - - - - -
Electric Power  0.05 0.01 0.64 0.028 143

Source : 9}7] 2.9 23] 2 (2000), FA R, IRFAITU-FAHA
%=1 (kg=1.97,L=0.529m%

Table 11. Emission factor for NOx and CO from natural gas combustion.

NOx
Combustor type

Cco

(MMBtwhr heat input) Emisstion factor

Emission factor rating

Emisstion factor Emission factor rating

(1b/10° scf) (1b/10° scf)
Large wall-fired boilers (> 100)
Uncontrolled (Pre -NSPS) 280 A 84 B
Uncontrolled (Post-NSPS) 190 A 84 B
Controlled-low NOx burners 140 A 84 B
Controlled-flue gas recirculation 100 D 84 B
Small Boilers (< 100)
Uncontrolled 100 B 84 B
Controlled-low NOx burners 50 D 84 B
Controlled—low NOx burners
/Flue gas recirculation 32 C 84 B
Tangential-fired boilers (All Size)
Uncontrolled 170 A 24 C
Controlled-flue gas recirculation 76 D 98 D
Residential furnaces (< 0.3)
Uncontrolled 94 B 40 B

Source : Air Chief Version 6.0, Tablel 4.-1., U.S. EPA
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Table 12. NOx emission factors [g/GJ] for combustion

plants (Point source).
_ Thermal boiler capacity (MW) Ga§ Statignary
yfz; >=300 >=50and <300 <50  tbine  engine
DBB*boiler DBBboiler DBBboiler SC' CC* CI¢ SI
125
Natural 170 50 100 150-360 600 1,000
gas 48-333 8 48-333 188 187 1200 1800

Source: Atmospheric Emission Inventory Guideline, September 1999,
EEA

: Dry bottom boiler (DBB)

®: Simple cycle

¢: Combined cycle

: Compression ignition
: Spark ignition

Table 13. Emission factor for area source.
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o3& EPA, EU vl &4 Bet oA AR =gl

5 4

=2
—
2 dFelMEe HAdrkag AMgshe 30719 At

(Unit : g/GI)

No technical - Industrial combustion Non-industrial combustion
specification No-specification ~ GT* Stat. EP No-specification Small consumers  Residential combustion
81-360 75-1, 200 50
NO 32-307 ) 38 30
* 62 165 165 46
co 2.4-500 10 8-123, 10 2-41—33;5, 25 41 25-250
Source : Atmospheric Emission Inventory Guideline, September 1999, EEA
*: Gas turbines
®: Stationary engines
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Fig. 7. Comparison of NOx and CO emission factors for boiler between this study and other researches (U.S. EPA and

EU).
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