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ABSTRACT

This article explains the types of emissions from wood combustion, how they are generated and the degree of harmful
influence on the human body, and a comparison between domestic and overseas alowable standards regarding the
safety of wood pellets, the alowable amount of emissions caused by combustion and so on was conducted.
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1. INTRODUCTION

Combustion refers to the reaction of a material with
oxygen in the ar to rdease heet and light, which converts
the chemica energy of the materia into thermal energy
(Tillman et al., 1981). Fuel is, therefore, required for
combustion, and it is generdly easer to combugt liquids
than solids, and it is easier to burn gases than liquids.
For combustion, the temperature must be raised above
the ignition point, and an ignition point is the
temperature at which a fire is caused by heat without
a flame. The certain amount of oxygen is needed for
combustion.

When a substance is burned, a new one is produced.
Fossil fuels such as petroleum, coal, and natural gas
are converted to carbon dioxide and water vapor through
combustion (Tillman et al., 1981). When sulfur,

nitrogen, and phosphorus are contained in the
combustion substance, sulfur oxide (SOy), nitrogen
oxide (NOy), and phosphorus pentoxide (P.Os) are
generated as combustion byproducts. When wood burns,
it mainly produces water vapor and carbon dioxide.
Besides, carbon monoxide (CO), NOx and SO,
hydrocarbons (HC), volatile organic compounds
(VOCs), palycyclic aromatic hydrocarbons (PAH), and
particulate matter (PM), are generated. Wood pellets
are fuels for heat production or sustainable energy fuels
with great potentia as a substitute for eectricity (REN,
2016). Thus, when wood pellets are burned, substances
such as VOCs, PAH and PM, smilar to when ordinary
woods are burned, occur. Excessive exposure to these
substances can cause cancer aong with severe
cardiopulmonary damage. In this regard, there are
reports in Korea thet cite data that are not fully verified,
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which causes controversy (Kim, 2017). This is because
studies on wood pellets in Korea focus mainly on fue
characterigtics (Kim et al., 2015) or boiler combustion
performance, but there is little information on substances
emitted from wood pellet combustion.

Some exigting wood combustion systems bring about
incomplete combustion due to combustion under
ingppropriate conditions, and therefore, CO, HC and soot
are generated. However, biomass fuels such as wood
pellets, whose production has increased significantly in
recent years, have resulted in optimized combustion that
can be controlled, reducing the incidence of substances
incompletely combusted, and they have advantages such
as cleanliness, dryness, and ease of injection suitable
for being used as fud. To use these fuds safely without
affecting the human body negetively, however, specific
information on various substances generated from the
combusgtion of various biomass rawv materids, regulaory
standards and evaluation methods should be prepared.
This article explains the types of emissions from wood
combustion, how they are generated and the degree of
harmful influence on the human body, and a comparison
between domestic and overseas alowable standards
regarding the safety of wood pellets, the alowable
amount of emissions caused by combustion and so on
was conducted.

2. POSSIBILITY OF EMISSIONS FROM
WOOD PELLET COMBUSTION
AFFECTING HUMAN BODY
ADVERSELY

2.1. Carbon monoxide (CO)

CO is a colorless, odorless gas which is mainly
produced by oxygen deficiency or incomplete
combustion and is contained in combustion gas of cod
briquettes or exhaust gas of automobiles. Theoreticdly,
when the excess air ratio for complete combustion is

adjusted to 14.8% or more, no CO is generated
(McDonald, 2009). CO itsdf is not toxic, but it binds
to hemoglobin in the blood within the lungs, thereby
interfering with the ability to supply oxygen into the
body, and therefore, it causes oxygen deficiency in tissue
cedls, eventualy resulting in addiction symptoms. When
the inhalation of CO results in insufficient oxygen
supply, the centrd nervous system (brain, spine), which
is sengitive to oxygen deficiency, is affected. This can
lead to headaches, dizziness, tinnitus, heart pal pitations,
increased pulse, and vomiting. In the worst case, CO
poisoning may cause anesthesia. Especialy if carbon
monoxide-hemoglobin concentration is more than 60%,
people lost their consciousness, and if this condition
persists for a long time, people may die because oxygen
supply discontinues.

2.2. Nitrogen Oxides (NOy) and Sulfur
Oxides (SOy)

NOx is produced by the reaction of oxygen and
nitrogen at high temperatures, and in the case that its
concentration is high, it causes oxygen deficiency,
hypofunction of the centra nervous system. It is aso
a major cause of optical smog. Being emissions that
occur when fuels containing sulfur are burned, SOy
occurs mainly in forms of SO, (sulfur dioxide) and SOs
(sulfur trioxide). On the other hand, it is known that
S0, is mainly generated in exhaust gas, and when wood
is burned, its trace amounts are generated (Obernberger
e al., 2006). NOy and SOy act as precursors of ultrafine
dust that is secondly generated, and therefore, they are
regarded as harmful compounds to be noted.

2.3. Hydrocarbons (HC)

HC refers to organic compounds composed of carbon
and hydrogen and exists in natural gas, petroleum,
natura rubber, terpenes contained in plants, etc. (Boman
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et al., 2005). HC is generated mainly by incomplete
combustion of fudl, and it has the least amount around
the excess air ratio for complete combustion in a
combustor, but when the excess air ratio for complete
combustion is exceeded, the dispersion of the flame
is stopped, resulting in incomplete combustion and
increasing the amount generated. Among the HCs,
alkenes, olefinic HCs or saturated aiphatic HCs are
the causative agents of photochemical smog since they
react with ozone and NOy in the atmosphere. On the
other hand, it is known that when the concentration
of HC increases, it stimulates the mucous membrane
and destroys the cell tissue, and it is reported that it
is deposited on the surface of the particdes and penetrates
into lungs along with heavy metals.

2.4. Volatile organic compounds
(VOCs)

VOCs are a generic term for liquid or gaseous organic
compounds that evaporate readily into the atmosphere.
It is a substance that causes a photochemical reaction
in the amosphere, or generates photochemica oxidizing
substances such as ozone, thereby causing
photochemical smog (US-EPA, 2017). VOCs cause air
pollution and are carcinogenic, and since it is one of
the sources of global warming, every country controls
it politically to reduce their emissions. There are a
variety of VOCs ranging from solvents used in industries
to organic gases emitted from chemica and
pharmaceutical plants or plastic drying processes.
Liquid fuels with low boiling points, paraffin, olefins,
and aromatic compounds are the commonly used VOCs
in daily life (Perzon, 2010). In Korea, substances and
products such as benzene, acetylene, and gasoline are
currently regulated under the Clean Air Conservation
Act (ME, 2017a). The emisson sources of VOCs indude
natural sites such as soil, wetlands, plants and trees,
and grassands. In addition, VOCs are aso artificially

discharged in such locations as facilities using organic
solvents, paint facilities, laundries, storing places for
oil, gas dtations, and exhaust gases from various
transportation means. Globally, most of the emissions
are from the facilities using organic solvents and such
mobile sources of pollution as automobiles. As these
VOCs have a great impact on the environment and
the human body, most countries are making policy
efforts to reduce emissions (ME, 2018).

2.5. Polycyclic aromatic hydrocarbons
(PAH)

A compound having a condensed ring in which two
or more rings each have two or more atoms shared
is referred to as a polycyclic compound, and a
carbocyclic compound having a benzene nucleus is
referred to as an aromatic compound. Examples of the
substances belonging to PAH include aromatic
hydrocarbons such as naphthalene and anthracene, and
organic compounds including derivatives thereof. These
PAHSs, as persistent pollutants, do not decompose
naturadly when released into the environment and exist
for a long time in atmospheric, soil or aquatic
environments (Riva e al., 2011). PAH, as carcinogenic
or mutagenic substances, is known to have adverse
effects when ingested by humans.

2.6. Particulate matter (PM)

Particulate matter (PM) is a fine substance in a solid
or liquid state which is generated by mechanical
treatment such as crushing and sorting of materials or
combustion, synthesis, and the like. The size is larger
than a single molecule with a diameter of 0.0002 m
and smaller than 500 um. On the other hand, a PM
having a size of 0.001-100 m is called an aerosol,
and it is generally classified into PM1, PM2.5, and
PM10 depending on its size. These PMs stay in the
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amosphere for severa seconds to severd months, while
particles smaller than 0.1 ym in diameter undergo free
Brownian motion in the atmosphere and collide with
esch molecule. It is divided into primary and secondary
particles depending on the generation process. The
primary particles are emitted directly from the source
to the amogphere, such as sea dt, sils, and combustion
particles (Kim et al., 2011). Secondary particles are
the ones formed by the photochemica and
thermochemica reactions of gaseous materials released
into the atmosphere from the source, and their
condtituents are mainly sulfate, nitrate, ammonium sdts
and organic substances. Depending on their size, source
and shape, large and small particles that are present
in the atmosphere are classified into particles, agrosols,
dusts, droplets, fly ash, fog, fumes, mist, smoke, smog,
and soot (Burkhard & Russel, 2009).

The sizes of particles present in the atmosphere
greetly affects the properties of the emissons, and when
they are present in the atmosphere, fine dust particles
can enter the lungs and respiratory system of the human
body and cause catastrophic damege as well as vishility
obstruction. Also, when they accumulate on the leaves
of plants, they block the sunlight and interfere with
photosynthesis, which has a bad influence on growth,
and when harmful chemical components are deposited
on plants, they cause indirect damages to animals
feeding on these plants.

2.7. Research Cases of Human Health
Hazards due to Emissions

Boman et al. (2005) conducted a literature review
of the various emissons that occur when wood is burned
and reported the reaults of the toxic effects of emissons.

In general, PM10 with a diameter of less than 10 um
was found to affect asthma, cardiopulmonary disease,
and so on. In addition, Boman et al. have challenged
the assumption that wood burning in houses is a mgjor

cause of PM and that the impact of PM in the area
contaminated by wood burning emissions on the human
body is not significant compared with other regions.
However, these results were attributed to the use of
firewood stoves.

After comparing the amount of emissions according
to the combustion conditions of the firewood stoves,
various types of emissions were detected, and the
amount of emissions varied according to species (birch,
conifer) and water content. Large amounts of incomplete
combustibles occurred in firewood stoves combusting
conifers with high water content, but it was possible
to control the emission level by applying appropriate
technological operating methods. There was room for
further improvement through additional development
and optimization. Thus, usng high quality solid biofuds
in pellet stoves with adjustable combustion conditions
offers many advantages over using firewood stoves,
which are conventional combustion devices.

A comparison of PM emissions with a firewood stove
or a pellet stove indicated that the pellet stove was
effective in reducing PM emissions, and their emissions
were about 37-160 mg/MJ and 15-46 mg/MJ,
respectively. The size of PM generated in the pellet
stove was mostly 1 ym, but the PM in the firewood
stove was found to vary in size. On the other hand,
in a large capecity pdlet stove, a smal amount of PM
was generated, and the sizes of PM were also amost
the same, and the size and the shape of the pellets
affected the size and distribution of PM. Findly, a
comparison of the amount of emissions harmful to the
human body to fuel input in a pellet sove showed that
the emission factor of CO and PAH (emissions relative
to fuel consumption) was higher under low fuel
conditions. The results indicate that, under properly
controlled combustion conditions, high quality wood
pellet combustion offers advantages such as improved
thermal efficiency and reduced emissions compared to
conventional wood burning such as firewood.
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3. COMPARISON OF DOMESTIC AND
OVERSEAS ATMOSPHERIC
ENVIRONMENTAL STANDARDS
RELATED TO WOOD PELLET
COMBUSTION

Domestic regulations related to emissions from
combustion of wood pellets include the Clean Air
Conservation Act (ME, 2017a). For the emissions from
large combustion plants of a certain scale or more, the
current Clean Air Conservation Act regulates 1) among
biomass and wood pellet manufacturing facilities, the
ones with a fuel consumption of 30 kg or more per
hour, a volume of 3m’ or more, or a power of 3hp
(20hp for crushing facilities) or more, 2) screening,
drying and heating, crushing, compression and molding
facilities, 3) among facilities using biomass and wood
pellets, the ones with fuel consumption of more than
200kg per hour, but facilities that burn other fues with
wood pellets are excluded (ME, 2017a).

In North America, the emission of wood pellets is
not only regulated, but aso the tota combustion
emissions are regulated (Bafver et al., 2011). For
example, the US Environmental Protection Agency
(EPA) has dtrictly regulated emissions through the
National Ambient Air Quality Status (US-EPA, 2017)
by setting the types and alowable emissions of
combustion emissions. Canada, on the other hand,
manages emissions from wood pellets through the
Environmental Management Act established by the
Ministry of Environment (BC-ME, 2011).

Koreas atmospheric environmental standards are
little or no different from most European and Japanese
standards. On the other hand, it is higher than North
American and Adan gandards (Villeneuve et al., 2012).
Next, after comparing the emission alowance standards
of domestic and overseas wood pellet manufacturing
and use fadilities, we found that Korea set and managed
the standards related to CO, NOy, and PM. On the other

hand, in the United States, PM is regulated based on
the visible distance of PM, and Canada has also set
and managed standards of PM emissions from drying,
heating, and use facilities. These have been found to
be very low compared to Korean standards (Pa et al.,
2011; Pa et al., 2013). It was aso found that the limits
for CO and NOy in Europe and North America were
based on general atmosphere environmental standards.
However, atmosphere environmental standards related
to the combustion emissions of wood pellets have been
found to be affected by wood pellet combustors rather
than wood pellets themselves.

4, COMPARISON OF EMISSION
ALLOWANCE STANDARDS FOR
WOOD PELLET BURNERS

Regulations for wood pellet boilers for houses are
being implemented both domestically and internationally
as rules relating to the combustion emissions of wood
pellets. In Korea, KSB 8901 manages CO, NOy, and
soot emissions from wood pellet boilers of 58 kW or
less (KS, 2017). In addition, the Korea Forest Service
has been implementing a pellet boiler supply project
for resdentid use (KFS, 2018). In addition, as described
earlier, the industrial scale pellet burners are managed
by applying regulated values for CO, NOy, and PM.

In the United States, there are no dlowance standards
for emissions from biomass combustors (Soding et al.,
2013). However, the top 25% of US biomass combustors
were measured in terms of combustor capacity and
emission amount. CO emisson amount was in the order
of stoves, hot water stoves, boilers and combined boilers,
and PM emisson amount was dso in the order of stoves,
combined boilers/boilers and hot water stoves (Burkhard
and Russd, 2009). There were no sgnificant differences
in the NOy emissions among the combined boilers, hot
water stoves, boilers, and the NOy emissions are the
lowest in the stove. On the other hand, the emission
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amount was examined according to the types of biomass
fuds. As a reault, firawood combustors were the highes,
and there was no difference between wood chips and
wood pellets. According to the results, considerable
amounts of CO and PM are generated in stoves among
combustors using wood pellets as fuels.

Europe has st the standards for emissions from pellet
boilers (EN 303-5) to minimize the possibility of air
pollution from emissions from pellet combugtion (ECS,
2012). Standards are st for fud injection method (menud
and automatic) and capacity, respectively, and according
to the results of the measurement, grades ranging from
1 to 3 were set. Grade 3 means the best quality pellet
boiler. Before these standards were set, each country
in Europe used its pellet boiler specifications and
standards to reduce air pollution and improve the quality
of pellet boilers. For example, the UK has minimized
emissions of CO, organic gaseous compounds, and PM
(BS, 2007) through the dlowance sandards of emissions
of pellet boilers. According to these standards, boilers
are divided into five grades ranging from 1 to 5, and
grade 5 means the highest-grade pellet boiler.

We compared each country's standards for emissions
from solid fuels and pellet boilers, including emission
limits for pellet boilers. In Korea, sandards for CO, NO,
PM, etc. exigt as items for the permissble amount of
each substance discharged from pellet boilers. On the
other hand, in the EU countries such as Germany and
Scandinavian countries, where wood is used as a fuel,
organic gaseous compounds are included in the sandards
(Olsson et al., 2003; SSCI, 2010; Schmidl et al., 2011).

Next, we compared the domestic and overseas
alowance standards for PM. In Korea, a 24-hour
emission amount of PM10 is measured, but in Japan,
a dtrict control is exercised on combustion materials
by setting the emission limits per hour. On the other
hand, North America, Australia and the World Hedlth
Organization have set environmenta standards in which
up to PM25 is alowed and considered environmental

hazards and human hedlth risks caused by microparticles
(US-EPA, 2012). Korea is dso continuing to work on
the emission standards and measurement regulations
in consideration of such overseas situations (Choi et
al., 2006; Hong et al., 2011), planning to include PM2.5
emissions in conjunction with PM10 in the emission
allowance standards through various research and data
collection.

Lastly, according to the PM measurement method
of each country examined to date, the amount of TSP
(total suspended particle) in the emissions from flues
is measured according to the standard methods for the
measurements of air pollution in Korea (ME, 2017b).
The US is conducting an andyss of PM (PM10, PM2.5)
in the same way as the Korean method based on the
EPA 201A standards (US-EPA, 2017). In Europe, PM
is measured using the dilution tunnel method (NS
3058-2) in Norway, the eectrogtatic dust filter method
(BS 3841-1) in the UK and the heated filter method
(DIN+) in Germany. Residential solid fuel burning
appliances - Emission test methods (DD CEN / TS
15883: 2009) have been determined and are now in
use (Qiu, 2013).

5. CONCLUSION

The combustion of wood-based fuels releases
substances such as CO, NOy, SOy, HCs, VOCs, PAHS,
and PMs in addition to water vapor and carbon dioxide.
These emissions are hazardous to the human body and
the environment, and through overseas case studies,
PM has been identified as a major cause of asthma
and cardiopulmonary disease. However, it has been
found that the degree of PM emissons can be controlled
by combusting the dried fuel, such as wood pellets,
using appropriate techniques.

In Korea, the safety of the emissions of wood pellet
combustors for residential and industrial use is set by
the KS and the Clean Air Conservation Act. In Europe

- 558 -



Comparison of Domestic and Overseas Allowable Standards Related to Emissions from Wood Pellet Combustion

and North America, not only the emissions from wood
pellets but also the overall combustion emissions are
controlled. Regarding the emissions from wood pellet
combustion, subjects of the current Clean Air
Conservation Act is no different from or dightly lower
than European and Japanese standards and higher than
North American and Asian standards. Germany,
Scandinavian countries and Japan, which use wood as
a main fuel, are managing the combustion substances
by strictly setting the alowance standards.
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APPENDIX

(Korean Version)
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gaetglon], AR ARE7o AR B4, A2, FAgeld 59 AL 7L Sl
g ol& ARE A Fafst OJ Aot olgst7] Sl thget ol oA §R9f bR RE WYEE of2 =2
gk ARl A E e A 715 9 B7E ke vshs o] v Fasith Rt & SHAAE SAa] uhE wiEEe]
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2.1. YAstErA(CO)

CO= FAI, 9] A=A Ak B ol hof oJste] 2 WA, dete] AATIAL AEALe] v 7| 7kA
S0 el et S clE e el OIS IULE F18 3719 A5l V)% U6 olyo S ok

Ol

koLt dolX Bl 32| slmF it Agetel oA
s e, A A £ I MAES HedoE Aed 35548 .co
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22, AAAFBFE(NO,) % FAHBHE(SO)

NO Abagh 247k n2old Whgstel AYEM, SE7k Sobd 49 Aaa
E3 JopAR 19 F0 Yolo] Bk Ok F Bl FS FRU A7t A4 v) s v
SO(HAIBHH O R Tt MAE B )7k FolME SOyt 72 s, B A4
710 2eiA 9IeObemberger et ., 2006). NOSH SO 22434 ZrlA¥iA]e] H7A 2 2-83p]
24 ofg] FAET gl

E=)
Mo
2,
N
to
Y
Mo e

2.3. &3}=4(HO)

HC:= gl 42 o|Folxl R7|3RtES Qulets, HA7kA, AR, MALT, A5 Ff5= H2HF FollA EAgtt
(Bomen ¢ al., 2005). HC= dE9| ERH AR F2 WAgstH, A7) oA o]2FAH] HFolA] WAeFo] 743 H ot
o|2FANE 2oty B Huprt FoE o] EXHALE doA WARo| F73Ith HC: 71| dA% &9 WA HC=
U 23S HC= t)7] 49 o2 9 NO& §hg-ato] 3318t A1 doy|= ¢l E4o| "tk g4, HCY 5kt
EolAH Adt A= W A2 S BHshs A0R dBA §lon, At mH| Haste Fa&at o #H £08 Q)
L 7oz HuEd g}

24. 319 §7]3ksHE(Voldile Organic Compounds, VOC)

VOCE H7] 522 47 $8Ee HA B 713 A7132Y 3o, d7] FollA F3ehtes dor|Ay o2
St B3t Al EEE AEAA Bt An s fHsks S 0|tHUSEPA, 2017). VOCE th719-.4 2o Hed &3]
o], A E28te] YQEHe|ug Sttt ujEE £o)7] lste] AAA o= Feskar Siok ARIA oA Wol AMEE SAR
g 33} 9l Aorgao|ut EetAE AxFTHANA iEE = 717871 thekobe, Fegol W HA|d R, gebd, &9,
WEIRE Sl g &3] Aol VOC ek th(Perzon, 2010). =2 7% @A 7138 2 A s
ot WA, ot EH, IR 59 54 W AFol FANY F&ol £ITHME, 20179). MiEH o2 BN 42524
Y AR S LT {718A ARSAI, A, M, AR, R 9 2 &5 w77k 59 A9A viEe]
A=t HEFE AAZ LR R718A AFSAIET Aeat 59 olF egdo] tES A |F) o|Hg VOC= 2741
AA] & FFe 7ABRE &Y w7ks0] HiEs £017] fste]l APAHoE kst ITHME, 2018).

25. th3F Wk Ersl4=Ay(Polycyclic aromatic hydrocarbon, PAH)
stol] 212 5 Af ol4ke] 91X BRA FURS 7 SRS taky shgiRolat su, WAlES 2
Sagte] otES HEE sRbEoldal itk o7l &ote AR UzEd, dES T3 22 BEE dakeast O
FEAS 28k f71ekkE 5ol Ytk ol2f3 PAHE &4 ol f2HW Addos & ZeE4] i 235t 07l
ol EAhE A4 LY=HoltRvad d., 2011). PAH: WeF Ee EdHo] S8R Ao A3 =
d#A Sl

2.6. u|A|H | (Particulate matter, PM)

29 g W A 5o 7IAA Aut A, T TY BPA A7e A Ee AA A vAg £8-8 PMol2t
gtk 27]= A& 0.0002 me] STy 231 500 mEch At} $HH 0.001-100 m F7]9] PME ofo]2Fo]et 5fr,
=710 utel PM1, PM25, PM10 528 FE38l= Zlo] drtdoltt. o] PME tf7] Zof Al sxolA 4Ae 2 g7t
Asstetl, 27171 0.1 et 2k YRS W7] SollA A Bk ot 449 #AE FEdth A4
ohet 13 9 27} QAR ALEEE), 13 dxbe BYLA B o2 A FEEe 2SR Y, BEY, dayR 5ol
AtHKim et al., 2011). 27} YAb= AN t7] Soll W 7t E4o] Fale}, Falsh whe-2 shuA] A7 Y= A
AES TR AN, ALY, dREd 9 R84 5o ool &3tk di7] Foll EAste 21 &2 AES A7), HAY,
3/l w2t Bl E(particle), ofl ol £Z(aerosol), WA|(dust), 2-2E-a(droplet), HIAFA(fly ash), 2H7li(fog), 5-71(fume), S5
(mist), wj<d(smoke), 2&I(smog), HY(soot) 502 FEECHBurkhard & Russel, 2009).

7] Foll 2Ast= AR 27171 MiEEY] B4 2 ¥ A=), 7] Foll ST o Aot THA YR wAgt
SRS A9 Hu 257100 Soi7t B ARl s s]7] e ek E3F AE0] Ylofl AolH HLE vtof SaEalAhg-S
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Hhafao] Aol L Qjake e, A|Re S5t ARo] ABo] AHEH o5 4B uo|z sl FRw Tag Fi

27 WiE&=9] A Fei At AR

Bomen et al.(2005)2 5A 14 Al A shs TR HiE=ol tit BRRARE AASIReH, of 2ARE ko] EAA
HiE=2] AA Fei el tiet dus Haskgl

kA oz 27 0] 10 um oJ3te] PM100] 4], Hudel Sof FF= Al Ao ARSI Eot 8 |9 B dart
PMO| =8 HQloR BAA &gl skl 2FH Ao PMo] lA|o] njX|e 72 B A3} Hjusto] F4] ofth=
7Hgoll o9& A7Iskeint. eyt ofeh e Aiks FAAEHY ARGolA 7|QI% A2 YERiT.

BALERY] Aoz e HiE=e §& vagt 23, gt FH HiEs A& A S A9
gl wet uj &= ool Aol7k AT w2 TrE WAFE AoAR] BAAEHA B2 Fof 28 dagol
st o, A48 71e 7S Agste] Mg 2ol 7hsstien, 371 ¢l AT} A3k Fote] A
A 4 9= AAA7E AT mebd fazio) o] 7kt WA H| uEA o) 1A o] LARE AMgShE A
AR FHAEEE AMshe 2o vig) g2 e Algshe A= YEkd

ot il ook

N
lo

2o
N

!
|3t 23, 22} o 37-160 myMJsh 15-46 myMJIZ A, PM o2
W AEHs} GH9l A0 2 glch WYAEHOA MYl PME 1um 2719] Hlo] AA|she HlFo] L
PR Bl MASH: PME 2717 9% A0 ekt B9 tigee] ARARHAHE e o] P
ot gl PMS] 271 ARshon), B39 3719 QB mops PM| 17]9 Be] GRS vk nputo R H3is
o4 Az FYel et QA foh ke B RS vluE A3k, ARE A7) RYsH: 27114 23]2] COZ PAHY

1
|

JAENOL MRAEHO A Al PM BHFE
o

it

T EN
- H+
I o= rH P o M o o
=
=

N
b

T
O:
J

15

b
=

SANARAIF o] BhEH7E A et 202 2AE. 238 FUekE, A 8P 288 Adzd)H 1E
WY BAWR Abt FAT L AFH BAQL} v]iwsto] ARE P4 L WER PO B4 5 UG AT
PEERENL LN

3. SXHES A 0 WE Il 7| 71Z2| vl

AR Hao] gt HiEEY BRE S FALEE t7|SE R QITHME, 20178). Y7 i o) & dad
Hlo A WY = wiEEo] tisto] AR df7|2 Rl WAIE O] Qe A8 Bk 1) vho] QA 9l HAfAE A2l
T ArAMEEFo] ARNE 30 kg o, §A0] 3 m' o), FElo] 3 wiE(mhaf - HAIE-S 20 wiE) o) A, 2) A, A% - 71,
o - B, G5 - AFAA, ) mlol oA B ZAEE ARGAIE & ARAE AR AIXEE 200 kg o]4Fel AldolH,

£ A= ZA4dsE A Abshs A2 AQE 1l ITHME, 20173).

SulofAle FAHES Y Aol ot vjEE Te R A gL qlow, AAAQl A4 wiEEol diste] Ak ok
(Béfver et al., 2011). o|& &, ]2 <L Environment Protection Agency (EPA)<]|A] Nationd Ambient Air Qudity
Statuse] A4 HiEEY] TF 9 518 viETS 245t dAsH MiEES HAISHL JITHUSEPA, 2017). ¥Hd, vtk
Ministry of Environmentojl4] A48+ Environmenta Management ActS 53}0] SR 304 EA s wi&Eof diste] ]
3}1 QITHBC-ME, 2011).

aare] ti7lad 73S o] §7 9 AR 713} Aol7} QAL oFh ok whe, Bu) @ ofalol] 7| E R He
Ao 2 yeiithVilleneuve et al., 2012). th3 22 9] EAEE Alx 9 AR A9 &= 88718 Blad A,
FjellA= CO, NOy, PMF ¥ 71&S A7sto] thejsta USich v u]=i2 PMO| o] wE 7HAjA RS &4 sto]
PM HHBS oAstar lom, Authe Ax, 714E, ARSAIEAL PM Ao tisto] 7] Akl g AAlskaL
A=l =4l 7122} Blasto] AREAEE] 7|EA7E WS WE AR Ueyth(Paet al., 2011; Paet al., 2013). &3 3
9 51]¢] CO 9 NO|| tgt 618 7|52 Uut t)7|8H 7o) A8l Qe AR ZAMEQITE 2 S5l A4
HEE 1Y 9718 712 EAE AR SRS A4 Jks e A0E ARSI

4. SXHHS! AA7(9| HIEE 5187|F Hlw

B ik W BAR FHOE BHAS AR G Gl Feg BRI Heleo] thet Witk Hue)
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Aoz AFYEIL ek FUfol A= KSB 89010]4] 58 kW o]sto] ZajHl s dejof tfste] ujZE == CO, NO, Az ol
sl 4% Tl E stal Ylem(KS, 2017), AL ofo ZASto] FEg AR E U] HaatyE AAISHL QITHKFS, 2018).
3 At vhet 2ol AFYE o] HAEEl Aa7]of Hig)Al= CO, NOk, PMo| digt A12E A-8sto] elstal glrk

o] Hio] @mj A 470l A WA= uiEE9] s8] el 7182 gle AR AR SITSjoding et al., 2013). 1)
u]=9] Hro] eufjA A7) 7R Al 25%0l| sfdohs dav] R wiEE G ST 2 CO iSRS ARH, 2pAE
B R, ¥R A £olglon, PM HiE&HE AEH HIHAZ/R YUY, LFLAEH £07 ZAE It (Burkhard and
Russel, 2009). NOx Hi&3e MR U, 24AEH, Heoi] o]z} A4 ggton, ARHA 7P A& Ao R 2AES]
o} gk, Hlol e AR HiETEE AT EE ARALT7E 7P EekeH, B 2 SAEE ol Afolrt qlSitt AnE
FYot, BAANL ARE ol A b AEHeA kel COSE PMo] Mt Stk
19] 79, Al de]o A PYE= ujEE9] 7]EEN 303-5)S dsto] Hal A Al EE HiEER Qe 7] Y
< FAaooke ek vRASHITHECS, 2012). Y85 KW, AR FYUd(es ¥ ) Sl tiste] 247}

AAste &4 Aol whet 1359714 Askele, 3550l o] 7H St AR Y E |3t o] H40]

7] A7) f e A=E2 AR A2 Y 4 Y 7|22 7HA AL §lo] olof whet ti7] S H-& AAAITIAL HslE g
P HREO 2 o] 8519l g 59, 99 dslRde WiEs] 8 7152 & CO, §7] 7kAFH 3gHE(organic
gaseous compound), PMof| 3t wiEwhs Xaslsls Wete 2 o] 83Th(BSI, 2007). o] 7|&s Y, HY9 sa&
1-55wo 2 Weglon, 5540] 7MY A5 dEdE oulgith

AR Y2 HjEE 687]18S 2 v AR Y Al YA T = &=l diet 49 587185 vlugt
A3}, FY 9] 4 R deol A wiEE = 2 529 5§l et FHSE CO, NOx, PM o tigt 7]320] 24813tk
g, BAE AR o] AMshe 59, 2 usols 59 EU w7t f7] 7EAFE 9] SgHa7tbA] 7]l 23k of
Qlti(Olsson et al., 2003; SSCI, 2010; Schmidl et al., 2011).

o2 9] PMO] §87]&E Blugt Za}, ol de= PMpoll tidt 244171 Hi&FE S35t v, 2oA=
AZHE wiE 3871 AAste] dagdol tste] dAsH welE star Sith g, Bu], a3 9@ AIARA7 A=
PM25714] 712 AAsto] mlA|YRtel 278 fraldat QA el 7hA] aejstar Sl /dsholctUS-EPA, 2012). = oA
oje} Zr a9 AskS este] PM10Z} § PM252] MiEH e wiEE 587180l 23X AgoR thoket A 9
Aa4d 55 S0t WiE1E 2 S8Y 43S A B A4S A& A7) Q= Ase|thChoi et al., 2006; Hong
et al., 2011).

npRate 2 A7ER] 2ARE 249 PM SIS HH, siioAe di7| SET ARl At 25 wiE7ts 59
TSP (total suspended particle) 2 &7kl ITHME, 2017b), w]=2 EPA 201A 7]%o] &Aste] S e} SUg
WO 2 PM(PM10, PM2.5)o] thgt E4-& 4385} QItHUS-EPA, 2017). 539 3, =2 ¢ oo 4+ Dilution tunnel
method (NS 3058-2), %=+o]A4l+= electrostatic dust filter method (BS 3841-1), =% of|A}= Heated filter method (DIN+)E
ZAg&35ko] PMS 243190, o]5 E|Z Residential solid fuel burning appliance — Emission test methods (DD CEN/TS
15883:2009)7} A4 o] AR AMEE L ArHQiu, 2013).
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