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Abstract: The purpose of this study is to estimate the emission factor of non-CO, global warming gases such
as N,O and CH, by measuring concentrations from stacks of waste incinerators and cement production plants.
Based on the established monitoring methods, N,O concentration measured from stacks in incinerator were
between 0.62 and 40.60 ppm, (ave. 11.50 ppm,). The concentration of N,O was dependent on the incinerator
types. However, the concentrations of CH, gas were between 2.65 and 5.68 ppm, (ave. 4.22 ppm,), and did not
show the dependency on the incinerator types. In the cement production plant, the concentration ranges of N,O
from the stack were from 6.90 to 10.80 ppm, (ave. 8.60 ppm,), and CH, were between 1.80 and 2.20 ppm, (ave.
2.60 ppm,). Using measured concentrations, the emission amounts of N,O and CH, from stacks per year were
calculated. The results were is 4.2 ton N,O/yr in the incinerators, and 53.7 ton N,O/yr in the cement facilities.
The big difference is from the flow rate of flue gas in the cement facilities compared to the incinerators. By the
same reason, the CH, emission amounts in cement plant and incinerator was found to be 339 ton CO,/yr and 34.1
ton CO,/yr, respectively. Finally, the emission factor of N,O in the incinerators were calculated using the mea-
sured concentration and the amount of incinerated wastes, and was 42.5~799.1 g/ton in kiln and stoker type,
11.9~79.9 g/ton in stoker type, 90.1 ton/g in rotary kiln type, 174.9 g/ton in fluidized bed type, and 63.8 g/ton
in grate type, respectively. Also, the emission factors of CH, were found to 65.2-91.3 g/ton in kiln/stoker type,
73.9-122 g/ton in stoker type, 109.5 g/ton rotary kiln, and 26.1 g/ton in fluidized bed type. This result indicates
that the emission factor in incinerators is strongly dependent on the incinerator types, and matched with result

of IPCC (International Panel on Climate Change) guideline.
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Introduction

The concentration of global warming gases such
as CO,, CH,, N,O, CFCs, and SF; are continuously
increasing since 1750. The report published by US
EPA in 2000 showed that the percentage of CO,,
CH,, N,O were 83%, 9%, 6%, respectively.” If these
concentrations are keep increasing, the negative
effect will be happened in ecosystem and health in
the global scale.?

Among the greenhouse gases (GHGs), nitrous
oxide (N,0) is usually produced by the usage of
fertilizer, and produced by industrial activity,
especially produced by nitrate (NO;") denitirfication
under anoxic condition. Also, during incineration
process, N,O can be produced by the collision
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between oxygen atom and nitrogen molecule by
collision with third body molecule called M.” The
life time of N,O in the atmosphere is approximately
120 years, and the global warming potential (GWP)
is 310 times of carbon dioxide. Therefore, even
though the amount of N,O produced from natural
and anthropogenic sources are small compared to
CO,, the global warming effect can not be ignored.*”
The natural sources of N,O constitute approximately
60% of total N,O production, however, the pro-
duction from industrial sources such incinerators
have the large portion.®”

Methane is also one of the greenhouse gases,
and is produced by anaerobic degradation by
microorganisms in the natural and environmental
facilities such as landfill site, sludge treatment
process in the wastewater treatment facilities, and
from the stacks of the plants by incomplete com-
bustion.*'" The global warming potential of CH,
is 21 times of CO, gas, however, the global
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production of CHy, is the second largest among the
greenhouse gases. The global production of CH, is
approximately 500+ 100 Tg per year, and approxi-
mately 70% of CH, is anthropogenic source,'>!®
The lifetime of CH, is approximately 12 year.'?
The production of non-CO, greenhouse gases

such as N,O and CH, is the second and third largest

GHGs, therefore cannot be ignored. One of the
large sources of these non CO, gases are from by
incomplete combustion from the plant stacks such
as incinerators and cement plant facilities. The
common method for estimating CO, emissions from
incineration is based on the estimation of the fossil
carbon content in the waste, multiplied by the
oxidation factor, and converting the product to
CO,. This approach is called Tier 1 approach
suggested by IPCC (International Panel on Climate
Change) guideline in 1996." In Tier 1 process, the
emission factors of greenhouse gases can be
estimated by default values (Tier 1). Presently, the
estimation of GHGs in Korea follows Tier 1 method
suggested by IPCC guideline (1996). However, in
2001 IPCC (2001) good practice guidance suggested
the country-specific (Tier 2) emission factor instead
of simple emission factor calculation,'® therefore,
the study of estimation of GHGs is being conducted
in many countries.

Recently, IPCC guideline published in 2006
suggested the plant-specific estimation of GHG

Fig. 1. Location of sampling sites.

based on the plant-specific values (Tier 3 method).””

In Tier 3 method, the most accurate emission
estimates can be developed by determining the
emissions on a plant-by-plant basis and/or differ-
entiated for each types of waste (e.g. municipal
solid waste, industrial waste, sewage sludge, clinical
waste, and hazardous waste). However, only a few
study of the estimation of global warming gases
through plant-specific on-site measurement are
conducted.>®

Korea also should prepare the Kyoto Protocol,
however, only a few measurement researches have
been done in the plant facility. Therefore, the estima-
tion based on the monitoring and measurement is
required. In order to do this, the measurement
protocol for measuring GHGs such QA (Quality
Assurance)/QC(Quality Control) are first needed
to get the accurate emission amount estimation.

The estimation of emission factor (ton of CO,
equivalent/ton waste incinerated) by accurate
measurement is very important since only a few
difference in the concentration of GHG can result
in the big difference in the emission inventory of
GHG in the country bases. In this study, the
estimation of non CO, greenhouse gases (N,O and
CH,) by the measurement from the stacks of
incinerators and the cement production plants in
Korea were conducted in order to estimate CH,
and N,O emission by Tier 3 method (plant-specific

Cement
Production
Plant
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estimation). The measurement was performed in
seven municipal and hazardous wastes incinerators
and five cement production plants. The monitoring
was conducted by the sampling of flue gases from
the stacks, and the analysis using gas chromatography
was conducted. Using the measurement data, the
emission factors of N,O and CH, were estimated.

Materials and Methods

Sampling Methods

The sampling were conducted at seven waste
incinerators, which is located in the Banwol-Sihwa
Industrial Complex in the Kyonggi Province, and
at five cement production plants located in the
south side of Kangwon Province in Korea. Fig. 1
shows the map of sampling site in the incinerators
and cement production plant in this study.

The sampling procedure is as follows; The sampling
pipe was connected to the stack, connected to
cooling device, and connected to the pump measuring
flow rate (SIBATA, £100), as well as, the sampling
was performed with constant flow rate. Sample air
is transported from the intakes to the Tedlar bags
(SKC Ltd., USA) through TYGON® tubing using
portable pump (SIBATA, 2100) at flow rates of
0.5 //min, and the cooling system required by this
sampling is based on water.'”

The flue gases in the stacks are produced with
over 10 m/sec of flow rate and over 80°C of tempera-
ture from the stack. The pipe used in this study
was made of the stainless type, and the size of the
pipe is around 1.5 m. The sampling bag was used
with Tedlar bag (SKC Ltd., USA). The temperature
of flue gas was so high, therefore, in order to
protect the sampling bag from high temperature
gas, the water based cooling system between the
sapling pipe and the sampling device was installed.
The sampling of flue gases was performed with
the portable pump with the flow rate of 0.5 /min
for 40 min, and the impinger was used to cool
down the flue gas from the stack.

The Method of Making N,O and CH, Standard
Gases

The standard gas of N,O (499.5 ppm,) was
obtained from Institute of Korean Chemical Eng-
ineering certified internationally and CH, standard

gas are obtained from (99.99%, QUADREN
CRYOGENIC PROCESSING, Ltd., USA). From
this gas the lower concentration of gas are prepared
by the dilution using Tedlar bag.

The method using a Tedlar bag dilution is as
follows: the standard 499.4 ppm, N,O and CH,
gases were captured in 1/ Tedlar bag (SKC Ltd.,
USA), and in another Tedlar bag, pure nitrogen
gas (99.9999%) were retained. Then, using portable
pump (SIBATA, X100) with the flow rate of 25
m//min, the known amounts of standard 499.4
ppm, N,O and CH, gases were added, then using
400 m//min of flow rate, these gases were diluted
to make each concentration of standard gases. The
trace known amount of standard gases were injected
into the Tedlar bag using 500 p/ micro syringes for
the dilution. Using prepared standard concentration
of N,O and CH, gases in the Tedlar bags, the
standard calibration curves were constructed by
daily analysis of the standard gases with different
concentrations. Two of the standard gases are
analyzed every six hours. These data are used for
the purpose of quality control.

QA/QC of Analysis Method

The analysis of N,O and CH, gases are performed
by gas chromatography (HP 6890) using pi-electron
capture detector (U-ECD) and flame ionization
detector (FID) as the detector with the capillary
chromatographic columns. The detailed analysis
conditions are shown in Table 1. The samples
from incinerator stack were taken with Tedlar bag
(SKC Ltd., USA) through tygon tube (2075 Ultra
Chemical Resistant Tubing) using portable air
sampling pump (SIBATA, X100) at flow rates of
0.5 I/min. Next, the samples were brought into the
laboratory, and measured with gas chromatography.

The protocol scheme of N,O and CH, measurement
and QA/QC is shown in Fig. 2. The reproducibility
and linearity of N,O and CH, standard gases
analysis were assessed by checking the retention
time and peak area of different concentration accord-
ing to at least three times injections. The relative
standard deviation (RSD) was compared, and the
relationship between standard gas concentration
and peak area were examined. The detection limit
was obtained using the procedure of Occupational
Safety & Health Administration (OSHA)."”
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Table 1. Temperature program and operating condition of gas chromatography for measuring CH; and N,O gases

Conditions
Gas type N,O CH,
Detector type u-ECD FID
Split 10:1 Split 10:1
Inlet Injector : gas-tight syringe Injector : gas-tight syringe
Injection volume: 250 W Injection volume: 250 p/
Temperature: 80°C Temperature: 120°C
Column HP-PLOT Q capillary HP-1 capillary

(30.0 m x 0.53 pm x 40 pm)

(30.0 m x 530 pum x 2.65 um)

Oven temperature
programming

Temperature : 80°C at
1 min-5°C/min to 150°C

Temperature : 100°C at
2 min-15°C/min to 250°C

Detector temperature

Temperature: 250°C
Make up gas: N, gas

Temperature: 250°C
Make up gas: N, gas

Carrier gas N, gas N; gas
[ 500ppmy standard gas | Table 2. The calibration curve parameters and limit of
l detection for N,O and CH,
LOD ,
[ Dilution with Tedlar bag ] Compounds ~ Slope  Intercept (ppm,) R
) N,O 26777 46659 023 0.99
r Construction of standard calibration curve J CH, 0.6304 0.3226 1.15 0.99

|

r Check reproducibility relative standard deviation and linearity l

!

r Sampling from the stack using Tedlar bag

|

rAna.Iysis of N,O and CH, concentrations using gas chromatography I

Fig. 2. The protocol scheme of N,O and CH, measure-
ment and QA/QC.

In order to investigate the uncertainties associated
with sampling and analysis of N,O and CH, gases,
the adsorptive loss due to the contact with the
container wall (such as Tedlar bag and vial) was
examined, but it was found that the loss was
minimal (within 5%).

Results and Discussions

QA/QC of N;O and CH, Analysis

First, the monitoring protocol of N,O and CH,
was constructed. The standard gases prepared by
dilution method, and the standard calibration curves

of the standard N,O and CH, gases were constructed.
The standard calibration curves are shown in Fig. 3
and Table 2.

The retention time reproducibility of N,O was
found to be between 0.2 and 0.6%, and overall
reproducibility was found to be 0.39%. The retention
time reproducibility of CH, was in the range of
0% to 0.3%, and the overall reproducibility was
0.18%.

Second, the relative standard deviation (RSD) of
peak areas was calculated using measurement data.
The RSD values of N,O gas were between 1.4%
and 15.7%, and the overall reproducibility was
5.64%. The RSD values of CH, were between 6.1
and 11.3%, and overall reproducibility was 8.2%.

Finally, the linearity was checked by multiple
measurement; N,O (56 times), CH, (48 times). The
correlation between injected amounts and peak
areas, the R? values were more than 0.99. The
detection limit of N,O and CH, were 0.23 ppm,
and 1.15 ppm,, respectively. Therefore, the QA/
QC analysis showed that the method used for the
measurement of N,O and CH,, was reliable.

Korean Journal of Environmental Health, Vol. 33(3)
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Fig. 3. Regression curve of N,O and CH, gases.
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Analysis of Measured Concentration of N;O and
CH, in the Incinerator

Presently, few studies are performing in the
estimation of N,O and CH, gases in the plants by
using measurement data. Especially, 2006 IPCC
report showed that the emission factor in the
incineration plant was characterized by waste and
incinerator type,'” therefore the comprehensive
measurement studies using different waste and
incinerator types are needed. In this study, the
measurement of N,O and CH, were performed in
the incinerator stack using gas probe and impinger,
and the results are shown in Table 3 and Table 4.

As shown in Table 3, the concentrations of N,O
gas in the waste incinerators were between 0.6 and
40.6 ppm,, and the average concentration was 11.5
ppm,. The minimum concentration in one plant
(EC) was 0.6~3.4 ppm,, the maximum concentration
in other plant (HK) was 36.7~40.6 ppm,, indicating
the difference in the concentration is dependent on
the incinerator. This indicates that the emission of
N,O is dependent on the incineration types (grate,
fluidized bed, rotary kiln) not by the emission
capability, the waste amount, and the characteristics
of wastes.

The first study of measuring GHGs from the
plants in Korea was performed by Korean EPA

Table 3. The concentrations and conditions of N,O gas from stacks in waste incinerators

Stack no.  Incinerator N,O (ppm,) T(CC) Flowrate  N,O emission
of plants type Mean SD Min Max N Stack (Nm’hr) (ton/yr) (ton CO,/yr)
SU-1 Kiln & Stoker 9.10 1.41 6.90 10.2 5 168 41,500 348 1,080
SuU-2 Kiln & Stoker 28.1 0.88 26.8 29.2 5 165 38,000 9.93 3,079
EC-1 Stoker 0.86 0.11 0.70 1.00 5 170 49,200 0.39 120
EC-2 Stoker 0.62 0.08 0.50 0.70 5 168 46,300 0.26 82
EC-3 Stoker 3.44 0.25 3.18 3.74 5 168 55,000 1.75 541
BK-1 Kiln & Stoker 231 037 1.98 2.94 5 165 42,000 0.90 279
BK-2 Grate 3.62 0.45 2.98 4.12 5 200 43,200 1.35 417
DI-1 Stoker 1.66 0.11 1.50 1.80 5 160 39,600 0.62 191
DI-2 Stoker 435 0.61 3.60 5.30 5 170 35,000 1.40 433
DI-3 Rotary Kiln 2.89 0.21 2.80 3.12 5 165 38,000 1.02 316
HK-1 Stoker 36.7 2.82 43.6 384 5 168 53,000 179 5,560
HK-2 Kiln & Stoker 40.6 2.04 9.85 124 5 168 28,000 105 3,247
SL-1 Kiln & Stoker 10.8 0.96 11.9 13.2 5 168 45,000 4.50 1,395
SL-2 Stoker 12.5 0.53 13.2 12.9 5 169 50,000 5.76 1,786
YK fluidized 15.7 0.48 14.9 16.1 5 207 19,000 2.53 783
Average 11.5 0.75 9.6 10.3 1719 41,520 4,15 1287
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Table 4. The concentration and conditions of CH, gas from stacks in waste incinerators

Stack no.  Incinerator CH, (ppm,) T (°C) Flow rate CH, emission
of plants type Mean SD Min Max N Sack (Nm/hr)  (tonfyr)  (ton COyyr)
SU-1  Kiln & Stoker 468 03 42 51 5 168 41,500 1.81 38
SU-2  Kiln & Stoker 560 03 53 58 5 165 38,000 . 2.00 42
EC-1 Stoker 544 03 51 58 5 170 49,200 240 52
EC-2 Stoker 382 02 36 41 5 168 46,300 1.62 34
EC-3 Stoker 474 03 43 51 5 168 55,000 243 51
BK-1  Kiln & Stoker 358 02 33 39 5 165 42,000 138 29
BK-2 Grate - - - - 5 200 43,200 - -
DY-1 Stoker 350 02 32 38 5 160 39,600 129 27
DY-2 Stoker 362 02 34 38 5 170 35,000 1.14 24
DY-3 RoaryKiln 348 02 34 36 5 165 38,000 124 26
HK-1 Stoker 368 01 36 39 5 168 53,000 181 38
HK-2 Stoker 482 02 46 53 5 168 28,000 124 26
SL-1  Kiln & Stoker 265 03 24 3.1 5 168 45,000 1.10 23
SL-2 Stoker 568 02 54 59 5 169 50,000 2.62 55
YK Fluidized 375 01 36 39 5 207 19,000 0.62 13
5 1719 41520 1.62 34.14

Average 422 02 39 45

(KEPA) in 2002.>” This report showed that the
average concentration of N,O and CH, in the
incinerator was between 2.44 and 2.32 ppm,,
0.77~136.87 ppm,, respectively. This report also
showed that the concentration of N,O was largest
in fluidized bed type incinerator, and kiln/stoker
type was the second.

Next, the concentration of CH, measured from
the stack of incinerator is shown in Table 4. As
shown in Table 4, the minimum and maximum
concentrations of CH, were 2.65 ppm, and 5.68
ppm,, respectively. The average concentration was
4.22 ppm, The measurement result showed that
the deviation of CH, concentration from the
incinerator was small compared to the concentration
of N,O gas. During the sampling, the temperature
of flue gas was 165-207°C (ave. 171.9°C), and the
flow rate ‘of stack was found to be 19,000-55,000
Nm’/hr (ave. 41,520 Nm*/hr). In the CH, case, the
deviation of CH, concentration was small, and the
dependency on the waste type and incinerator type
was small.

The emission amounts of N,O and CH, from the
stacks in the waste incinerators were calculated using
measured concentration and the flow rate of flue
gas. The results are also shown in Table 3 and 4.
The emission amount of N,O from the stack of

incinerator was in the range of 0.26 to 9.93 ton/
day (ave. 4.15 ton/day) and the emission of CH,
was from 0.62 to 2.62 ton/day (ave. 1.62 ton/day).

Next, the emission amounts of N,O and CH,
expressed as CO, equivalent were calculated using
global warming potential (GWP) values, and the
results are also shown in Table 3 and Table 4. The
values are 279~5,560 ton CO,/yr (ave. 1287 ton
CO,/yr) in N,O, 13-55 ton COy/yr (ave. 34.14 ton
CQO,/yr) in CH,.

Analysis of N;O and CH, Concentration and
Emission Amount in the Cement Production
Plant

The cement production plants in Korea have
been used the coals as the main fuel and the waste
as the minor fuel in order to save the money. The
typical characteristics of cement plant is the large
production of greenhouse gases such as CO, gas
compared to other plants. However, due to the usage
of the waste as a minor fuel, N,O and CH, can be
produced from the stack of cement production
plants.

Table 5 and 6 show the results of N,O and CH,
measurement from the cement production plants.
The results show that N,O concentration is in the
range of between 6.9 and 10.8 ppm, (ave. 8.6 ppm,),
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Table 5. The concentrations and conditions of N,O gas from stacks in cement production plants

Stack no. of N;O (ppm,) T (°C) Flow rate N,O emission
plants Mean SD  Min  Max N Stack (Nm’/hr) (tonyr)  (ton COyyr)
AS-3 6.9 02 6.8 7.1 3 147 510,000 341 10,567
AS-4 104 0.1 10.3 10.5 3 148 492,000 494 15,328
HD-1 7.6 0.6 7.3 84 5 100 637,545 52.8 16,383
HD-2 7.6 0.1 7.5 7.7 3 170 746,064 521 16,142
DY-10 8.2 0.3 7.8 84 4 128 934,296 717 24,095
DY-11 10.8 0.2 10.7 109 3 132 846,846 91.8 28,481
SS-6 8.8 0.1 8.5 8.9 3 146 210,469 179 5,575
Average 8.61 023 8.41 8.84 343 138.71 625317.14 537 16,653
Table 6. The concentrations and conditions of CH, gas from stacks in cement production plants
Stack # CH, (ppm.) T(C)  Flow rate CH, emission
of plants  Mean  SD Min  Max N Stack ~ (Nm’hr)  (tonfyr)  (ton COy/yr)
AS-1 22 0.1 2.1 23 4 147 510,000 10.86 228
AS-3 1.8 0.2 1.6 1.9 4 148 492,000 8.57 180
HD-1 - - - - 5 100 637,545 - -
HD-2 - - - - 5 170 746,064 - -
DY-1 29 04 2.8 33 5 128 934,296 2748 577
DY-2 33 0.1 32 34 3 132 846,846 28.10 590
SS-6 2.8 0.2 2.6 29 4 146 210,469 5.71 120
Average 2.6 0.2 2.46 2.76 429 138.71 625317.14 16.14 339

and CH, concentration is in the range from 1.8 to
2.2 ppm, (ave. 2.6 ppm,).

The reason of the small deviation in the concen-
tration range in the cement production plant is that
the fuel used in the cement plant was more consistent
than the incinerator. The main fuel in the cement
plant is fossil fuel, and the waste is used as the
minor fuel. However, the composition of waste in
the incinerator was not consistent; therefore the
deviation could be large due to the incinerator type
and the waste type.

The emission amount in the cement production
plant was calculated using the measurement con-
centration, and the results are also shown in Table
5 and 6. N,O emission amount is 17.9-91.8 ton/
day (ave. 53.7 ton/day), and CH, emission amount
is 5.7-28.1 ton/day (ave. 16.1 ton/day). Similarly,
the emission amount of N,O and CH, converted to
CO, equivalent amount were calculated, and the
results ere 16,653 ton CO,/yr for N,O gas and
120~590 ton CO,/yr (average 339 ton CO,/yr) for
CH,.

The Emission Characteristics of N,O and CH,
in Each Plant

As shown in Table 3 and Table 4, the concentra-
tions of N,O and CH, from the incinerator were
11.5 ppm, and 4.2 ppm,, respectively. The emission
concentration of N,O and CH, from the cement
production plants in Table 5 and Table 6 were 8.6
ppm, and 2.6 ppm,, respectively. The interesting
result is that the concentrations of N,O and CH,
measured in the cement production plant were lower
than in the waste incinerators. However, the annual
emission amounts of N,O and CH, calculated based
on the concentration and the flow rate in the cement
plant were much higher than in the incinerators.

The annual emission amount of N,O in the cement
plant was average of 53.7 ton N,O/yr, the amount
of N,O in the incinerator was 4.2 ton N,O/yr, and
therefore, the approximately twelve times higher
in the cement plant. This is mainly due to the
higher flow rate in the cement plant than the cement
production facilities. Therefore, the higher production
of flue gases such as cement production plant has
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the higher potentiality of GHGs emission.

The emission amounts of CH, in both facilities
were also calculated. Comparing Table 4 and 6,
the emission amount of CH, in the cement facilities
was 339.0 ton CH,/yr and the amount of CH, in
the incinerator was 34.1 ton CH,/yr. The same reason
can be applied for the higher emission amount of
CH, in the cement production plants.

Estimation of N,O and CH, Gas Emission Factor
The estimation method of emission factor of GHG
in US EPA Report’” and 2006 IPCC Guidelines."”
Therefore, using the flow rate and the area of stack,
the emission amounts of greenhouse gases were
calculated according to 2006 IPCC guidelines as
shown in Eq. (1);
E=MxVx10~° EF = E/A )

Where E is the GHGs emission amount (ton/day),

Table 7. N,O and CH, emission factors from incineration
of waste in this study

Comry o vate e
Kiln & Stoker 42.5-799.1 652913
Stoker 11.9-79.9 73.9-122

Korea Rotary kiln 90.1 109.5
Fluidized bed 174.9 26.1
Grate 63.8

M is the concentration of N,O and CH, (mg/m°),
V is the flow rate (N m*/day), EF is the emission
factor (ton CO,/ton waste), and A is the activity
(ton waste/day).

By using Eqg. (1), the emission factor of N,O and
CH, was calculated and is shown in Table 7. As
shown in Table 7, the emission factor of N,O was
as follows: kiln & stoker type 42.5~799.1 g/ton,
stoker type 11.9~79.9 g/ton, rotary kiln 90.1 ton/g,
fluidized bed type 174.9 g/ton, grate type 63.8 g/
ton. This result indicates that the emission factor is
strongly dependent on the incineration type.

The average value of N,O emission factor is
found to be 200.1 g/ton. This value is higher than
the value (149 g/ton) measured first in Korean EPA
(KEPA) report in 200222 In 2002 KEPA report,
the emission factor of nitrous oxide was 454 g of
CO,/ton waste in waste plant, 65 g of CO,/ton waste
in vinyl type waste, 43 g of CO,/ton waste in dry
type wastes, 36 g of CO,/ton waste in rotary kiln
type waste.

Next, the estimation of CH, emission factor was
also performed, and the result is also shown in
Table 7. As shown in Table 7, emission factor in
rotary kiln and stoker type was 65.2-91.3 g/ton,
73.9-122.0 g/ton in stoker type, 109.5 g/ton in
rotary kiln type, and 26.1 g/ton in fluidized bed
type. This is first reported values of methane
emission factors based on the measurement data.
The result indicates that the concentration of CH,

Table 8. N,O emission factors for incineration of waste depending on the incineration types by 2006 IPCC guidelines™”

Country Type of Incineration/Technology

Municipal solid waste

Industrial waste

Stoker
Fluidized bed

Continuous
incineration

47 g N,O/ton wet weight incinerated
67 g N,0/ton wet weight incinerated

Semi-continuous Stoker

41 g N,O/ton wet weight incinerated

Japan incineration  Fluidized bed 68 g N,O/ton wet weight incinerated
Batch type  Stoker 56 g N,O/ton wet weight incinerated
incineration  Fluidized bed 221 g N,O/ton wet weight incinerated
900 g N,O/ton dehydrated sewage 450 g N,O/ton dehydrated sludge
sludge (except sewage sludge)
Netherlands 20 g N,Ofton
Austria 12 g N,O/ton wet weight
8 @ N,Ofton wet weight 420 g N,O/ton 'solid waste wet
Germany weight

990 g N,O/ton sewage sludge dry weight
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is similar to the incineration type, however, the
emission factor is different with the incinerator type.
Finally, we compared our data with the values of
emission factors which have been published recently
on 2006 TPCC guideline. The values in 2006 IPCC
guideline are shown in Table 8. As shown Table 8,
in Japan, the emission factor in the continuous
incineration type, 47 g/ton in stoker type, and 67 g/
ton in fluidized bed type. In the semi-continuous
type, the emission factor in stoker type was 41 g/
ton, 68 g/ton in fluidized bed. In the batch type, 56
g/ton in stoker type, 221 gfton in fluidized bed
type. This result indicated that the emission factor
is dependent on the incinerator type. However,
other countries have very low emission factors of
N,O such as 20 g/ton waste in the Netherlands, 12
g/ton waste in Austria, and 8 g/ton waste in Germany.
Therefore, the emission factor in this study (200 g/
ton waste) seems larger than the values of other
countries. The similar patterns of higher emission
factor of N,O in the fluidized bed incinerator were
obtained. This is maybe due to the lower incineration
temperature in the fluidized bed incinerator.

Conclusions

This study investigated the concentration of non
CO, gases (N,O and CH,) in the incinerator and
cement production plant stacks in order to estimate
the emission factor of N,O and CH,. The monitoring
protocol of N,O and CH, was constructed, and
using this method the measurement of N,O and
CH, was performed. The results are as follows:

1) The analysis of N,O and CH, gases in the
waste incineration and cement production plants
were performed by capturing flue gases from the
stack using Tedlar bag, and using gas chromatography.
In order to assess QA/QC of this method, the
standard gases of N,O and CH, was diluted and
made the standard calibration curves. The retention
time reproducibility was checked by relative standard
deviation. The RSD of N,O and CH, was 0.39%
and 0.18%, respectively, the R? values was more
than 99.99%, and the linearity was reliable, Detection
limits of this methods were 0.23-0.33 ppm,, for
N,O and 1.15-1.58 ppm, for CH,, respectively.

2) The concentrations of N,O gas in the waste
incinerators were between 0.62~40.6 ppm,, the

minimum concentration was 0.62~3.44 ppm, the
maximum concentration in other plant was 36.7~
40.6 ppm,, indicating the difference in the incinerator.
The average concentration of N,O was 11.5 ppm.
The emission amount of N,O was not dependent
on the emission capability, the waste amount, the
characteristics of wastes, but dependent on the
incineration types (grate, fluidized bed, or rotary
kiln type). The CH, concentration from stacks was
ave. 4.22 ppm, (2.65~5.68 ppm,), and the deviation
depending on the incineration type was small.

3) The emission factor of N,O were shown to be
42.5~799.1 g-CO/ton waste (kiln and stoker type),
11.9~79.9 g-CO, eq/ton of waste (stoker type),
90.1 g-CO, eg/ton of waste (rotary kiln type),
174.9 g CO,/ton of waste (fluidized bed), 63.8 g-
CO,/ton of waste (grate type). In a year bases, the
emission amount of N,O and CH, from the incinerator
was found to be 279-5,560 ton CO,/yr and CH,
was 13-55 ton CO,/yr, respectively.

4) The emission amount of N,O (53.7 ton/yr) in
the cement plant was more than ten times higher
than in incinerator (4.1 ton/yr). This is due to the
higher flow rate of flue gas in the cement plant
compared to incinerator. The emission amount of
CH, gas in cement plant (339.0 ton CO,/yr) is also
much higher than in incinerator (34.1 ton CO,/yr)
due to the same reason.

5) The emission factor of N,O from the plants
calculated by the measurement data showed that it
was dependent on the incineration type: 42.5~799.1
g/ton in kiln and stoker, 11.9~79.9 g/ton in stoker,
90.1 ton/g in rotary kiln, 174.9 g/ton in fluidized
bed, 63.8 g/ton in stoker type. The average amount
of emission factor of N,O gases was 200.1 g/ton
and this value was higher than the 149 g/ton
measured in 2002 by KEPA report.*”

6) The emission factor of CH, from measurement
data was 65.2-91.3 g/tom in rotary kiln and stoker
type, 73.9-122.0 g/ton in stoker type, 109.5 g/ton
in rotary kiln type, and 26.1 g/ton in fluidized bed
type, and also shown to be dependent on the
incineration type.

In the past, the emission factor estimation are
mostly conducted in CO,, and also the estimation
was performed by using waste amount incinerated
and default value based on the waste incinerated.
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However, in this study, the estimation of N,O and
CH, production was performed based the measure-
ment from stacks. Even though there is some
uncertainty from the measurement and the limited
measurement, this process can contribute the plant
based estimation of emission factor of GHGs in
Korea. The continuous measurement should be
performed in order to decrease the uncertainty of
the measurement data.

Acknowledgement

This research is funded by the Korea Institute
of Environmental Science & Technology (Eco-
Technopia 21 Project). The authors thank for their
support.

References

1. US EPA : Inventory of U.S. Greenhouse Gas Emis-
sions and Sinks: 1990-2000; EPA 430-R-02-003;
U.S. Environmental Protection Agency, Office of
Atmospheric Programs: Washington, DC, 2000.

2. West, T.O. : Determining thresholds for mandatory
reporting of greenhouse gas emissions. Environ.
Sci. Technol., 37(6), 1057-1060, 2000.

3. Seinfeld, J.H. and Pandis, S.N. : A tmospheric
chemistry and physics. Wiley-Interscience Publi-
cation, pp.67-70, 1998.

4. US EPA : Green house gas properties, Available
at: http://www.epa.gv/nitrousoxide/scientific.html#
greenhouse#greenhous

5. US EPA : Green house gas properties, Available at:
http://www.epa.gv/methane/scientific.html#greenhouse
#greenhous

6. Koger, S. and Bockhorn, H. : NOx formation from
ammonia, hydrogen cyanide, pyrrole, and capro-
lactam under incinerator conditions. Proceedings of
the Combustion Institute, 30, 1201-1209, 2005.

7. Sanger, M., Werther, J. and Ogad, T. : NOx and
N,O emission characteristics from fluidized bed
combustion of semi-dried municipal sewage sludge.
Fuel, 80(2), 167-177, 2001. )

8. Werther, J. and Ogada T. : Sewage combustion,
Process in Energy and Combustion Science, 25(1),
55-116, 1999.

9. Lee, K.E., Kim, Y.C. and Suh, M.G. : Effects of
PCO, on methane production rate and matter deg-
radation in anaerobic digestion. Korean Journal of
Environmental Health, 26(2), 59-66, 2000.

10. Park, J.A., Hur, ] M. and Jang, B.K. : The anaerobic
biodegradability and methanogenic toxicity of
pulping wastewaters. Korean Journal of Environ-
mental Health, 24(1), 70-79, 1998.

11. Chang, Y.C., Jung, K., Jeon, EM., Bae, 1.S. and
Kim, K.J. : Effect of Cd** and Cu*" on the growth
of a methanogen and a sulfate-reducing bacterium
isolated from sea-based landfill. Korean Journal of
Environmnetal Health, 26(4), 65-74, 2000.

12. Caballero, J.A., Front, R., Marcillar, A. and Conesa,
J.A. : Characterization of sewage sludges by pri-
mary and secondary pyrolysis. Journal of Analyt-
ical and Applied Pyrolysis, 40-41, 433-450, 1997.

13. El-Fadel, M. and Massoud, M. : Methane emissions
from wastewater management. Environmental Pol-
lution, 114, 177-185, 2001.

14. US EPA : Quantification of methane emission and
discussion of nitrous oxide and ammonia emissions
from septic tanks, latrines, and stagnant open sew-
ers in the world. NTIS PB 2000-101018LEU, 1999.

15. IPCC (International Panel on Climate Change) :
Climate Change 1995, the Science of Climate
Change. Contribution of Working Group I to the
Second Assessment Report of the Intergovernmen-
tal Panel on Climate Change. Cambridge Univer-
sity Press, Cambridge, UK, 1996.

16. US EPA : Sources and Emissions available at: http://
www.epa.gov/methane/sources.html#where#where

17. IPCC (International Panel on Climate Change):
2006 IPCC Guidelines for National Greenhouse
Gas Inventories, Vol. 2, Chapter 2, Stationary Com-
bustion Manual., http://ww.w.ipcc-nggip.iges.or.jp,
2006.

18. Wight, GD. : Fundamentals of Air sampling, Lewis
Publisher, pp.135-184, 1994.

19. Office of Safety and Health Administration (OSHA) :
Evaluation guidelines for air sampling methods uti-
lizing chromatographic analysis, OSHA slat lake
technical center, pp.1-5, 1999.

20. KEPA : The Study of Emission and Construction of
Statistics of Global Warming Gases in the Envi-
ronmental Field (in Korean), 2002.

21. US EPA : Emissions Factors & AP42 at: http://
www.epa.gov/ttn/chief/ap42/index.htm.

Korean Journal of Environmental Health, Vol. 33(3)



