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ABSTRACT

Korea Forest Service has supplied 76 industrial wood pellet boilers from 2011 to 2015 through subsidy programs.
Since carbon monoxide (CO) and nitrogen oxides (NOx) generated during boiler combustion are substances that |ead
to death in the case of acute poisoning, it is very important to reduce emissions. Therefore, the CO and NOyx emission
values of 63 boilers excluding the hot air blower and some boilers initidly supplied were analyzed. The emission
factor was also calculated from the measured exhaust gas concentration (based on exhaust gas O, concentration of
12%). The average value of CO emitted from industrial wood pellet boilers was 49 ppm and it was confirmed that
the CO concentration was decreasing as the years passed. The emission factor of CO was 0.73 g/kg. The average
value of NOy emitted from industrial wood pellet boilers was 67 ppm and the emission factor of NOy was 1.63 g/kg.
Unlike CO, there was no tendency to decrease according to the installation year. Both CO and NOx measurements
met the limits of the Ministry of Environment. These NOy emission factors were compared with the NOx emission
factors produced by certified low NOx burners. The NOy emission factor of industrial wood pellet boilers was about
1.9 times that of certified low NOx LNG combustors and about 0.92 times that of coal combustion.
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1. INTRODUCTION industrial wood pellet boiler technology as it resulted

in ingaling 76 industrid wood pellet combustors during

Korea Forest Service (KFS) have subsided the the same period. For the effective distribution and
distribution and installation of industrial wood pellet management of the industrial wood pellet boilers, KFS
boilers from 2011 to 2015 by expanding wood pellet established the Industrial Wood Pellet Boiler Subsidy
consumption. This has helped step up the domestic Standards (KFS, 2015) and the Construction Inspection
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Standards for Industriadl Wood Pellet Boilers (KFS,
2013). The target industrial wood pellet boilers were
steam boilers in 0-5 to 7.0 ton/h or hot water boilers
and hesters in 230kW or over. 63 of them were steam
boilers, 7 of them were hot water boilers, and 6 of
them were hot wind heaters. To receive subsidies for
wood pellet boilers, the following conditions need to
be met: 1) The boiler heet efficiency & over 85% based
on the lower heating vaue; 2) the preparaion of safety
device like a backfire prevention device; and 3) the
CO emissions, one of the air pollution substances, being
below 200 ppm.

In Korea, air pollutants related to the combustion
of wood pellets are regulated by the Clean Air
Conservation Act (ME, 2017). The target missions
generated by combustion facilities a or over a certain
size according to the Clean Air Conservation Act are
1) among wood pellet manufacturing facilities
(screening, drying and heating facilities, crushing and
grinding facilities, compression and molding facilities),
facilities in which fuel consumption is over 30kg per
hour, the capacity is over 3n¥ or more, or power capacity
is 2.25 kW (15 kW for crushing and grinding facilities)
or more and 2) among the fadilities that use wood pdlets,
those in which the usage of fud products is over 200kg
per hour (excluding those that use other fuels together
with wood pellets) (ME, 2017).

The allowable criteria of the air pollutants applied
since 2015 shows that the CO concentration in a facility
that uses wood pellets should be at or below 200 ppm
(12% of the actually measured oxygen concentration).
Nitrogen oxide (NOy, NO,) should be at or below 100
ppm for drying and heating facilities of wood pellet
manufacturing facilities, or at or below 150 ppm for
facilities that use wood pellets (12% of the actually
measured oxygen concentration). Fine dust should be
a or below 50 mg/Sm® for both wood pellet
manufacturing facilities or those which use wood pdlets
(12% of the actually measured oxygen concentration)

(ME, 2017). With very low sulfur oxide and heavy
metal content in wood pellets due to the fuel
characteristics, there is no alowable criteria for those
substances.

At the Parliamentary Inspection of the Adminigtration
in 2017, it was argued that the wood pellet combustion
test showed that it produced 20 times as much nitrogen
oxide, which generates ultrafine dust, as coal briquette,
and there was a socid controversy as the contents were
quoted and reported without verification. (Kim, 2017).
This is because while there has been research on the
manufacturing characteristics of wood pellets in Korea
(Kim et a., 2015; Yang et a., 2017), there has been
little on air pollutants during wood pellet combustion.

The study aimed to measure air pollutants generated
during the combustion of wood pellet boilers subsided
by KFS, through which it verified whether industrial
wood pellet boilers conformed the alowable criteria
of air pollutants by the Ministry of Environment.
Furthermore, based on the emissions of air pollutants,
it determined the emission factors of industrial wood
pellets bailers, which was compared to the NOy emitted
from low-NOy certified burner.

2. MATERIALS and METHODS

2.1. Survey target

There were 9 KFS subsidized industrial wood pellet
bailers (seam boilers, hot water boilers, hot wind hesters)
in 2011, 27 in 2012, 21 in 2013, 10 in 2014, and 9
in 2015. 63 bailers excluding hot wind heaters and
some distributed earlier were the target for this study.
Shown in Fig. 1 is the current installation conditions
by region. Over 50% of the subsidized industria wood
pellet boilers were installed in Gyeonggi-do and
Gyeongsangnam-do. It is believed that this is because
there are many companies in industrid regions where
there is high demand on indudrid boilers. It dso shows
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Fig. 2. Industrial wood pellet boiler thermal capacity with subsidy by Forest

Service in Korea.

that Gwangju and Daegu among the metropolitan cities
have many such bailers.

Fig. 2 shows the capacity of the installed industrial
wood pellet boilers. The average capacity of these
boilers is 3.0 MW (2,600,000 kcal/h), which is about
4.2 ton/h (wood pellet consumption is about 740 kg/h
based on the low-level heat generation of wood pellets

at 4,100 kca/h and the boiler efficiency at 85%) if
converted into the amount of steam generated. With
low capacity boilers, 1.5 to 2 MW wood pellet boilers
have been widely ingtalled, as well as 5.0 MW boilers
have dso been indaled in many places. Converted into
steam generation, these capacities are about 2.5 ton/h
as well as 7.0 ton/h.
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2.2. Measurement method

The study conducted the performance test of the KFS
subsidized industrial wood pellet boiler by installing
it based on the “Construction Inspection Standards for
Industrial Wood Pellet Boilers’ (KFS, 2013). When
the boiler operation stabilized, the O,, CO, and NOy
concentration were measured for one hour using a
portable multifunctional combustible gas meter (Testo
350), the results of which were averaged. Testo 350
can anayze various combustible gases (O,, CO, NOy
and SO,, etc.) and alows for large amount of data
records linked to a PC. The null adjustment was
performed using the standard gas before the test to
acquire the data reliability. The measurement scope of
O is 0-25% at which the accuracy level is £0.01%,
and that of CO is 0-10000 ppm, and the accuracy level
between 200-2000 ppm is +5%. The mesasurement scope
of NO is 0-4000 ppm, and the accuracy level between
100-1999 ppm is +5%. Finally, the measurement scope
of NO; is 0-500 ppm, and the accuracy level between
100-500 ppm is +5%. The measured carbon monoxide
and nitrogen oxide were converted into the value of
the state of 12% of emission gas O..

250
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3. RESULTS and DISCUSSION

3.1. Carbon monoxide (CO)

Fig. 3 shows the carbon monoxide (CO) emissions
from the installed industrial boilers by the year of
installation. As has been shown, the average CO
emission concentration from the installed industrial
wood pellet boiler is 56 ppm when the oxygen
concentration in the emissions was 12%. The maximum
CO emission among the measured boilers was 220 ppm.
High concentration of CO would lead to CO poisoning,
causing nausea and in serious cases, death. There may
be incomplete combustion or air is lacking in boilers.
As shown in the figure, the CO emissions change by
ingtalation year. To clearly understand such a tendency,
Fig. 4 shows the average CO emissions by taking five
values based on the time of the CO emissions. Since
2012, the average CO emissions have decreased until
2015. While in 2012, it was within 50 - 100 ppm,
in 2015, it decressad to 20 - 30 ppm. This is condderably
below the allowable criteria of the air pollutants
dipulated by the Enforcement Regulations of the Clean
Air Consarvation Act (at or below 200 ppm for facilities
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Fig. 3. CO emission of industrial wood pellet boiler according to the

installation year.
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Fig. 4. Average CO emission of industrial wood pellet boiler according

to the installation year.
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Fig. 5. CO emission factor of industrial wood pellet boiler according to

the installation year.

using wood pellets). Generaly, CO emissions decrease
by reducing incomplete combustions through the
optimization of the combustion system. It is believed
that such CO emission reduction was due to the
improvement of boiler efficiency and CO emissions
reduction by boiler manufacturers since 2011 when
industriadl wood pellet boilers were distributed by KFS.

The study calculated the emission factor using the
CO emission from the boiler. The emission factor for

CO or NOy (g/kg_fuel) is defined as the weight of
the pollutant (g) emitted by the combustion of 1kg
of fuel, which can be determined by the following
equation.

Emission factor (g/kg)
= pollutant concentration (g/m®) x flue gas volume
flow rate (m¥h) / fue consumption (kg/h)
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In the equation above, the pollutant concentration
is calculated by the emission concentration of each
pollutant (ppm) measured at the time of the actual
combustion of wood pellets, and the fuel consumption
is the amount of fud injected during the actual boiler
operation. Finally, the gas emissions are based on the
oxygen concentration in the emissions gas measured
during the actud combusgtion of the boiler. Fig. 5 shows
the CO emission factor for the industrial wood pellet
boiler. The average CO emisson factor of the distributed
industrial wood pellet boiler is 0.73 g/kg. The average
CO emissions of the industrial wood pellet boiler
ingdled in 2015 was 25.7 ppm, which is consderably
lower than 62.5 ppm, that of the wood pellet boiler
installed in 2012. Such a trend can be verified in Fig.
5 which showed the CO emission factors by the time
of ingallation where the CO emission factors decrease
by the time of installation. The average CO emission
factor of five industrial wood pellet boilers installed
latest was very low at 0.36 g/kg.

3.2. Nitrogen oxide (NOy)

Fig. 6 shows the NO, emissons based on the nitrogen
content contained in various types of wood chip fuel

including the wood pellets used in this study (referring
to the data by Kang et al., 2017). The figure shows
the maximum and minimum values of NOy emissions
measured when the nitrogen content of wood pellets
used in the industria boiler installed by the KSF's
subsidy project was 0.3%. It shows the tendency that
the NO value increases linearly based on the nitrogen
content included in the fud. Even the same wood fuels
will have different NOy emissions based on the
contained nitrogen content. However, wood pellets
usually have nitrogen content below 0.5%, and thus,
the NOx content will become 100 ppm or below. The
study results on the NOy emissions characteristics based
on the types of cod (bituminous cod and subbituminous
coal) from a 500 MW coal-fired boiler showed that
the nitrogen content in cod is 0.76 - 1.7 %. As such,
it was dso confirmed that the emissons from a cod-fired
plant were mainly thermal NOy emissions a high
temperature, but when coa with high nitrogen content
was used, the NOy generation increased.

Shown in Fig. 7 and Fig. 8 are the average of the
five values of NOy emissons from indugtrid wood pellet
boilers. The average NOy emissions measured from the
boilers is 76 ppm a 12% of the oxygen concentration.
The NOy emissons were between 44 - 128 ppm, which
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Fig. 6. Influence of the nitrogen content of the pellets on the NOx emissions.
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Fig. 7. NOy concentration of industrial wood pellet boiler according to the

installation year.
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Fig. 8. NOx emission factor of industrial wood pellet boiler according to

the installation year.

is considerably lower than the alowable standards of
the air pollutants stipulated in the Enforcement
Regulations of the Clean Air Conservation Act (at or
below 150 ppm of NOy for facilities that use wood
pellets). At this point, the emission factor of NOx is
1.63 g/kg. The two figures do not show the tendency
of the decrease in the emissions by the time of
installation, as opposed to the CO distribution. This

is because the CO emissions can be reduced by
providing the optima combustion conditions by
improving the burner. However, for NOy, wood pellets
contain nitrogen by about 0.1 to 0.5%, as opposed to
LNG which does not contain nitrogen (N). Such nitrogen
is oxidized via the combustion a high temperature and
turned into NO and NO, among others. Such generated
NO is cdled fud NOx, which is fundamentaly difficult
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Fig. 9. NOx concentration of low NOy burners in Korea (Ministry of

Environment of Korea).

Table 1. NOx emission factors of wood pellet, LNG, coa and bunker-C fuel

Fuel type NOXx (ppm) 0, (%) NO, emission factor (g/kg) Based on LNG
LNG 35 3 0.96 1.00
Wood pellet 67 13 1.82 1.90
Coal or bunker-C with 70 3 198 206

de-NOy facility

Note: NOy emission of LNG is average of those of low NOx burners and NOx emission of Coal or bunker-C with
de-NOx facility is referred to the exhaust gas regulation standard of Clean Air Conservation Act.

to decrease, and due to such characteristics, NOy
emissions tend not to decrease.

Shown in Fig. 9 are the NO emissions on domestic
low- NO certified products. As shown in the figure,
the average NO is 35 ppm. The low-NOy burner criteria
for indugtrid boilers is below 40 ppm at 4% of oxygen
concentration. Generdly, the LNG burner that satisfies
the low-NOy burner criteria is around 35 ppm at 3%
of oxygen concentration.

Shown in Table 1 are the average NOx emission
factors under the normal combustion of boilers with
LNG, wood pellets, and coa (or bunker-C). In case
of wood pellets, the average NOy value emitted from

the industrial wood pellet boiler, measured previously
used. Coal-fried or bunker-C-fired boilers run with NO
a or below 70 ppm (fadilities ingtalled before December
2014, Clean Air Consarvation Act). Assuming that such
a condition was the representative situation for each
fuel, the NO, emission factors could be calculated,
which are shown in Table 1. When the NO, emission
index of LNG is set to 1, that of wood pellets is 1.90,
and coa or bunker-C is 2.01. For coal or bunker-C,
it was assumed that there would be post-processing
fecilities to reduce NOy such as SCR (sdlective catdytic
reduction) at the end of the boiler. Otherwise, the
emission index would have been higher.
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4. CONCLUSION

The CO and NO, measurement values of 63 KFS-
subsidized industrial wood pellet boilers between 2011
and 2015 all sdtisfied the allowable criteria by the
Ministry of Environment. Based on the CO and NOx
emissions vaues, the emisson factors of industrid wood
pellet boilers were calculated and compared with NOy
emitted from the low-NO certified burner. The andyzed
results are summarized as follows.

1. The average capacity of the KFS-subsidized
industrial wood pellet boilers was 3.0 MW, and
the wood pdlet consumption was about 740 kg/h.

2. The average CO emisson from the indudtria wood
pellet boilers distributed for the five years was
56 ppm (@O, 12%), which can be converted into

the emission factor at 0.73 g/kg.

3. The average CO emission from the indudtrid wood
pellet boilers installed in 2012 during the early
period of the subsidy program was 70.3 ppm (@0:
12%), but that from the boilers installed at the
ending year of the subsidy program was 289 ppm.
Such a result is determined to be due to the
optimization of the burner and boiler system
through technical development.

4. The average NO, emission from the indudtrid wood
pellet boilers installed for the five years was 76
ppm (@O, 12%), which can be converted into
the emission factor at 1/63 g/kg.

5. NOy did not show the tendency of reduction by
time. It is determined that this is because fuel
NOy generation did not decrease aong with the
nitrogen content included in the fuel.

6. The NO, emission factor from the industrial wood
pellet boilers was compared to that from low-NOy
certified LNG burner and coa (bunker- C)-fired
burners. The former was about 1.90 times higher
than that of the latter and was about 0.92 times

lower than the coa- or bunker-C-fired boilers with
denitrification facilities.
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APPENDIX

(Korean Version)
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+5%0| T} Al=E QARSI AL WAABHLL. H7]7kA O, 12%3 SHAFst] eIt

HAE PG Bl ) A HEFS éwgqé 421 Ao Fg. 30 Uebic agel s
% Qlo] AN AE BABR A CO Bt Hh SEL WL F ARRY] SRS 12962 SASHEE 1) 56 pomolch

4 ZYes T & CO Hj&®2 220 ppmo|tt- CO«] 5 =7 w7 = CO F5& FEAA ofAdS % A4T
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ok ARtk J1gol A Ejld 4 ql5ko] CO HHZEm A o] w2k kst e As & 4 ek o’ 75‘6“
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Emission factor (g/kg) = pollutant concentration (g/m°) * flue gas volume flow rate (m*h) / fuel consumption (kg/h)

9} Aol A ©.9E vl & (pollutant concentration)& A4 BAE Ak A ASE 2 28] ¥l 5 (ppm) e
ALtEH, A 2HEe A4 HYP 7te Al RUEs AR@S ARSI miAYe g w7| 7k s A EO‘F—i
Al A] AZH H7I7kA ALFEE 7|WHO R Slof ﬂl&o}ﬂﬂr. Fig. 5ell= AtY-8 SApE sl Ao thet CO Hi&A 4
Lrebdlch B AE SAEsE e o Wt CO &A= 0.73 gkgelth. 20150 A XH AM& EXH%aE"‘EH
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ol2|e AL CO HiEATE AXHE ARt o2 Yehd Fg. 5oflA e A d ko] w2t CO HiEAS7t E015L e 2e
2 4= itk 7P wpA ol AXE 57 AHE SAERE Ao CO wjEASY] BHate 0.36 gkg® HiS- Ytk

2 AAEE(NOY)

£ Ao AHGT BRI EFF ole] TR SA4 1 ARe] TFH D2 ol BE NO, &S Fig. 6]
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W20 03% 1 ZAE NO, HhEe] Hsighah A%ghe vehie). Azo] Za3hE A2 ] gk NOgro] AF Ko
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12 5912 uf BARILE L0, Aleh E= bunker-Co| 7 2008 WiE = A0 AAEITh Agh B bunker-COl
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gl SCR 5 S8 Aulh ¢1g Aol WEASTE B %S Aol
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Analysis of Emission Characteristics and Emission Factors of Carbon Monoxide and Nitrogen Oxide Emitted from Wood
Pellet Combustion in Industrial Wood Pellet Boilers Supplied According to the Subsidy Program of Korea Forest Service

1o AkAol A A ARE =4 Fsl HYefo] Fat S 3OMWE S W] v of 740 kg/hol“f}
2. 57 B ARE SRS o] Bk CO wiEH-2 56 pom(@0; 12%)°|7, °|& HiEA 2 Ftstd 0.73

3 Hgz7]9l 20129 HE AR SAEsiE Ao tigt Fat CO HiE#-E 70.3 ppm(@O; 12%)°] 1oL, HaAH]
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