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Characteristics and emissions estimation of green

house gas and hazardous air pollutants in a green city

Jong-Yeon Lee

Interdisciplinary program of Earth Environmental Engineering,
The Graduate School

Pukyong National University

Abstract

After Kyoto Protocol was adopted for green house gas (GHG) reduction,
each nation is stepping up efforts to reduce CO, of a typical green gas. And
also, the management of GHG and hazardous air pollutants (HAPs) is
becoming their, matter. of primary concern.

Therefore, it is.very important to make the green city-master plan which
is minimizing GHG emissions-and creating jobs through reorganization of the
low—-carbon type infrastructure and lifestyle.

So far, GHG has been designated as a “climate - ecosystem
change—causing material” not a pollutant in Korea. But now, GHG will be
managed as air pollutants because the gas has a harmful influence on
national health and environment such as the death by scorching heat, malaria
patient increase by a rise in temperature, and ecosystem destruction by a
sudden change in habitat environment.

Above all, it is important to emissions estimation correctly to manage the

GHG and HAPs.



The estimation method of GHG emissions is based on the type, structure
and mechanism of the emissions. Basically, the method should be different by
the emissions and are classified into two categories by estimation principle.
One is a method of measurement for direct confirm of the GHG emissions.
Another is a method of calculation appling emission factor which is a
standard number by correlation analysis between activity and amount of the
GHG emissions.

The method of measurement has high confidence in accuracy and
transparency of the data because of actual measurement using equipment, but
it needs comparatively high-—cost and is “dependent on good equipment
performance.

On the other hand, the method of calculation is an estimated figure which
uses the emission factor converted into activity and. amount of the GHG
emissions, and the emissions accuracy can be decided on the emission factor.

In actual  estimation of emissions, it might be proper that each nation
decides application method taking into account conditions '‘of the nation,
purpose and cost of the-estimation. For example, EU prefers the method of
calculation because of their accumulated data-over‘the long term, while USA
prefers the method of measurement.

To establish actual management plan of GHG and HAPs, this study
carried out direct measurement of the gases concentration and estimation of
emissions at Gangneung green city. Also, the estimation of GHG emissions
was compared to the emission result by IPCC default value.

As a result, the estimation of HAPs emissions in cement plants was
1,098.94 kg/yr. In road transport, the estimation of HAPs emissions was 1.11
kg/yr in case of LPG and 5,252.08 kg/yr in case of diesel and 765.38 kg/yr in
case of gasoline.

The estimation of actual GHG emissions in power plants was 970,498

_Xi_



tonCOweq/yr accounting for 55% of 1,758,503 tonCO.eq/yr by the default
value.

Also, the estimation of actual GHG emissions in the manufacturing
industry was 8,461 tonCOseq/yr that is more than double compare to 4,102
tonCO92eq/yr by the default value.

In case of household heating, the estimation of actual GHG emissions was
173,448 tonCO-eq/yr that is more than 1.6 compare to 102,991 tonCOseq/yr by
the default value.

In case of road transport, the estimation of actual GHG emissions was
304,714 tonCOseq/yr accounting for 55% of 549,335 tonCO.eq/yr by the
default value.

In case of the cement manufacturing industry; the estimation of actual
GHG emissions was 4,118,278 tonCOseq/yr that is more than 1.38 compare to
2,957,895 tonCOgzeq/yr by the default value. But the default value including
fuel use was 3,861,085 tonCO-eq/yr accounting for 94% of the actual GHG
emissions.

The estimation of actual GHG emissions in landfill was 70 tonCOzeq/yr
accounting for 5% of 1,548 tonCO-eq/yr by the default value. But the actual
GHG emissions including seasonal influence was 669 tonCO.eq/yr accounting
for 43% of default value.

The estimation of actual GHG emissions in sewage treatment plants was
0.4 tonCOseq/yr accounting for 0.03% of 1,188 tonCO.eq/yr by the default
value. But the actual GHG emissions including seasonal influence was 15
tonCOseq/yr accounting for 1% of default value.

In addition, the estimation of actual GHG emissions in waste water
disposal plants was 88 tonCO-eq/yr that is more than 1.06 compare to 83
tonCOzeq/yr by the default value. But the actual GHG emissions including

seasonal influence was 156 tonCOseq/yr that is more than 1.88 compare to

- xii —



default value.

It is clear from this study that the major factors for emissions estimation
are the emission factor and activity of emissions. Also, the emissions activity
can be used reliable data such as statistics of national agencies, while the
emission factor can be used effect as a key factor by sampling site and

analysis condition.
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Fig. 2.1. Global GHG emission scenario-and projected surface
temperature by 2000~2030 yrs(Special Report. on Emission

Scenarios).
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Table 2.1. Global Warming Potential of GHGs

Gas GWP Discharge Characteristics
COy 1 /in dflusetlryusélrrlogcess over 80% of all GHG emission
CH, 21 WaSt/efg igrgg‘élmre over 15720% of all GHG emission
industry .
- exhaust from high temperature
N>,O 310 process/fertlllzer combustion
using
HFCs | 140~11,700 serréilg(;g(iirlllgctor ozone layer destruction
_ semiconductor non decomposition cause by chemical
PFCs | 6,500~9,200 production stabilization
SFs 23900 semig;o?llglﬁ ctor/ fplon decomposition cause by chemical
vehiele production stabilization
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2.2.2.2. WRI/WBCSD GHG Protocol
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Institute), NGO, WBCSD(World Business Council for Sustainable



Development)5©] -5 @Zato] 7pdet 7|lel A&sh7] Ak 247~ wiEw

A3 Warel #3F 5= A Ao tHGHG Protocol Initiative, 2011).
WRI/WBCSDE AlAl Zb=re] gt 719450 aAAoR 1guks

Foske A7 AP 8 Ba ARAe] RS ffdke] 19989 wE ATE

rr

32

iy

Adstglon, we Al A dA5d e Fakol 2001d 28-S
ek

20043 7RAHE AAEA, Scope 29 FA T BE FEoA A wom
20054 Al f-Ed LAV~ A 9 B 9FA(MS Excel Fi
MEERom Al FAHoZ ool 7|HddA 2 AFHS F8ste] AHERE

2Hdstar .

&
o
e
i
ol
o
rr
=
o
r o
°

GHG Protocol Initiatives> M|Al #Hx= IPCColl <Azt /e 7]
A A ZA ol AA Z=oofe] ZA(E L AETY, dAD e o) B A AL g S
AR NEE A Z Aotk wEha & A-A = AA 2o 71d R BRERE QA o}
FHAA ARHa Jom; # AFA Y A BB Al ~F)

SA7ks ZROFe] sl gtk

A
r o
=
i
)

o
I
(i
o
u
o
=)
rlo
N
N)
N
N,
o

2.2.2.3. ISO 14064
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2.2.2.4 IPCC Guideline?] W& 25

IPCC Guideline =rA| 202 F&5 1 Q= 247F2 wWiE3 A A 2= 2006
IPCC Guidelinedl M= theFst ggol] o3 247k~ wjEds et AHgsts
PHES A gl

2006 TIPCC Guideline o}#]e] 9} zo] o=, Aed 2 AEZALL, 53}
A 2 7NE B0l g, H7IE, JJERRe] 5 LRk Azt ARA BAEA uE
A BRI el glom, BRe) Avs 4wy B4 54 B we 2F @A}

=

o] WA o4l 9l

Table 2.3. GHG inventory of 2006 IPCC_Guideline

Inventory Detail Classification

B energy industry, manufacturing, construction,
ner
&y transportation, CO; transportation and storage

) mining, chemical industry, metal industry,” combustion of
Industrial processes ) ) . i
fuel using, sorbent using, electrical industry, alternative
and product use " ,
raw material for ozone destruction

Agriculture, ) o
agriculture, forestry, farmland, swamp, cultivation,
Forestry and other . . .
reclamation, disafforestation, etc

land use
landfill and biological treatment for solid waste,
Waste incineration, waste water treatment and effluent, others
indirect N>O emission
indirect N;O emission from atmospheric deposition NOx
Others

and NH3

k5 ;. IPCC(2007), 2006 IPCC Guidelines for National Greenhouse Gas
Inventories.
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Table 2.4. Emissions estimation methodology by 2006 IPCC Guideline

Emissions estimation

methodology estimation characteristics
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Manufacturing Industry
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Fig. 2.4. Raw and fuel using mechanism for manufacturing

industry.
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3.2. 9]¢ HAPs #E A A

3.2.1. 7= HAPs &R F

ojF AR, FAF, 2E|a AT Al A om W] A 2skod
ol w7ldl A= 19559l thr]edel Wd A AEs Adeke AdH

T2 AN AlFtetl e, Awdie 19630l CAAE Al7gste] Awrdio]
A sl FARIE LAFATIES ARG o] Aldsky] HF JAAYE Y
e AFst7] A&tk HAPsel gk ml=e] CAA #gAAL 1970 ol %
AlEFE o] 1990 o] X3 o] ol Ao w A -2 F 3

ool thgt H AU &:A 1990 o] A4 = et LA E Dl thE A=
AR71Ee 2 QAL A FES = QA IEe R AA EH
AAPTE o=/ 19639 CAAY  AlFd WS Fao Rlew,  1970d
w7137 4 A (NEPA : The National Environmental Policy Act)e] AJgjo s
W71 AEe] | e FAskdth 20§ 1977del o] 7hed HAY
71w 7150249 BACT (Best ‘Available Control Technology)ol 7% wj&7]5
95 S5t F70AE S AAISFATHUS [EPA Clean air act, 1977).

webA, 19700 CAA 787 <rel. HAPs 2] A2 «'Risk Only Approach; =
gokd = vk EPAE A== H= 4 LHdEd 5 SldS Brtsta o5
7|22 HAPsE #e|shes spglou qfA] &3 w3 @2 HE4
=gor s HAPse &ed #Ert olFoxx gtk 1990d ol

ol
=
P2
ofr
=5
o
=
ofr

=
Lot
)
o,
0
i

AN E 71 7kA] 2067 EPAE inorganic arsenic, asbestos, benzene, beryllium,
mercury, radionuclides, vinyl chloride 52| 77} 4ol X FA17]5S Q&
T Ao, 713 Fetel HAPs #=d2 125000=¢ &35 Aoz Hried,
ole} o] & g ALI|TS R/ T AEALCEA 549 EFoA
1002/ o4, 7IeF 250=/d o] HiEste AMYAE tido® d A= (NOx),
Fi3H=(S0y), CO, VOCs, d, PM & 7l 29=4(Criteria Pollutants) 6%
2.2 health-based standards2A] 2AIE St} o714 LA F7] 9 EZLS t)7]



AaAskE 3 wkgol ot QEAY AFARA FFEo] Ags vEg ek
futo]  opzt  EAARES AN RE didel  HAH  ofdl k]
USEPA-NEI(National Emission Inventory): 7|29 %E2 A9 Inventory?
s 2 vt 2ol Al 7R Eekdth

nLAYLd oA Aok V|ELd=d T

ofN
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i
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A, Point sources; WHHA 9}
Shvb = 1 o]AS threshold amount ©]A WE3h= MajordA o] thidol
] lom,

=4, Area sources; 7FA¥ AFFA ZE AL point sources F AP O EA
ko] A= A= AR e AL xgsle] AdsA] Tol EdHElon wIt
tefolEgdo]l Fag WY omA ZIE Tk

AR, Mobile sources; 7tEd 2 gAS A&ste at% 9 7], A &

Fe

E3tete] BR e 3

s, 199099) FAREE BHOR NoRAel BEAQ ARG
#0590, o= HAPsel Blste] 1€ Fal glon, FAgsdelA ) Faw A
Fo s geldledEde BB Seld AAe wge Jede s1F9

MACT, & #ait71ed =2 Ao 84 7test FAU == HAY 7les

1

4
N
N
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2
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32
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Act; CAA2] Section 112)& §3lo] 1992\d 7€ H%=E 166%2] Major Sources$}t
cgolEeEd, Ta 9 AR BAYS ¥33 Area Sources® A-EUl 174

e 55 Jheag s 2

el
QL
32
T

oF, 1906We] WA AEuele  ARuE  ANsn dgEds
a7 =2 o] BAYLEF classes= Al 7HA &2 o] AHelstar <)

AA, Major sources; HAPs % 318tgo] 10 tons/year H 1 °ld=
WESAY W] S 7 e BAY 2 25 tons/year TE 1 0]/
=53 | 5L sekee] g e s 7

=4, Area and Other sources; A TA Yol 53} d @ s}etFo] vj&E}

i

A= A,

K

wi=o] ZAAdol 10 tons/year—oldtek Hstelgol 25 tons/year ©]ate] EAIo]
ol m, olo thste] =gto] Fejd 9 A FHo] o ® FFH A 9lon,
ok o] shA A AAE EZFAA AL Atk

AAY Mobile sources; °]o WsfAl:= on-road vehicles, non-road 2- ¢}
4-stroke % diesel engines°] ¥3% ™, off-road vehicles, aircraft, locomotives

9} commercial marine vesselsE X3HA|7]aL AT}

3.2.2. 94E2 HAPs #&AF

e 1968 Tl AN, & AdeEA dir1edHYE AlEeen,
1996139 w71 edwAY ANde S feitiviedede werh AEEd.

243%°] wadizledEd T AWAol Had 2d 22F%5 AT

7] L AEA, 1996).



Table 2.5. Criteria HAPs emission limits of Japan

No. Compounds Discharge emission limits

new: 50~600 mg/Nm’

1 Benzene Dryer, etc .
v exist: 100~1500 mg/Nm’

Cleaning facility using by | new: 150~300 mg/Nm’

2 | Trichloroethylene ] .
trichloroethylene exist: 300~500 mg/Nm'

Dry cleaning facility by |new: 150~300 mg/Nm'

3 | Tetrachloroethylene ]
tetrachloroethylene exist: 300~500 mg/Nm’

A5 www.env.gojp

1996 $734d AAAS ARdAbel 2ld et edE e A5 we
FAE AT AR S sl ARIAE wediZle ded s 7R wiEshes A
At atelal APl thete] “AFdLA G wHE 24 v sirh
ol el WAl Fierb AA Az vk gleH, 200330l 71ES] E& FAIsHHA WAl

b e AN AGude WEE AFve we ashe Agwol

Aze AT Fo) wEdAas) (3] T

] 62% A ZAo®m yEpgon, 2003del AAg WAl wjEA iAo A

-]

& Al w =)= 1999

Hubg BolEke 20024 i) oF 3% Z7hah whHel wlE S oF 4% 7has
Aow AHNAT 20049 olFol Fwf we] RAUAY Ax AfEHel
22%d 2 WA AuEe Ane 844 44 52 Selol WANETS
2Eam glom, ol HRo] WiewtE AFzaAne Adet 4A5Y 3%

Anug, o) ABAAE Ao dRAL A5G0 AR Aol Al

A%E AN Fevk g BARA dr1egel 2] B A detel A9



)
FIHAL U7l egaBe 2Aste] Ao ARE AFe, AgAE ATE
Auol uet AAAHA o A AFEA BAH =S Fu FHS LY
Adel We el =g HEs Ha gt

o) ey, duel 2AEA AZEE daiel we Aol vl oA

AE=F shay Ad=2 wEA el et AF-AAT & J=F s

VOCsE sAHoz /A s Arlstar glem, ofdl tidh e g

28
olelgt MED S d=d Iwes HY, ©3FAA9), LA, A=AM),
A= =2A3), 2dEA@), de=A 2 FdE JAH2A), 82 A=H=2A0),
FRAAG), T e vAl FAAG), AFAEFEA13), =H(1e=A 1170
o

i

IEor et vk ol &4 dde A =d T WAS Aelstar VOCs Hi=
ol 23 &40l HAHA A

3.2.3. FEAT Y HAPs #FAA

FHAge] gruEE=Eo Au] A3S EMEP (Co-operative Programme for



Monitoring and Evaluation of the Long-Range Transmission of Air Pollutants
in Europe)oll <3+ o 7] T wiEilEe]7F Anjso] it

EMEP+ 2005 AlFollAd ®W, Hu] 51 F¢foprjo} RS I 5574
o= UNECE, WMO, UNEP?] ! 3ol A] AA g
FAHLA N7 298 F (LRTAP : Convention on Long Range Transboundary
Air Pollution)ell s&@gtt= A8 HxE AAste] Fii Aok ol digh F¢
Age] &S B, t7]ede] A3 Fkol dd AR, 542 dol Aol
o 7] d=4e Fel tigt BRE Jpl=ol Algstes AS FHA R sho] o]
ek WSS 7)e JtelefowA AAHL = Zo] “EMEP /CORINAIR
Emission Inventory Guidebook 2004, Technical report No 30" 0. 2A] wj&&E-52
SNAP 97 (SNAP: Selected Nomenclature for sources of Air Pollution)©]2}aL
sl tizled HwiEds 11 FHagR EFdte] diediEDe] AN
AA)ekar YTHEMEP /CORINAIR Emission Inventory Guidebook, 2004).

olelel FH R LA EA(VOCs)oll tiste] FHA™d o] Z=o] ¢3S FaL
Rom o] th7]Fstte] WA AHtekal A FHARS WA SAE EA
7HEde AA FF, EE"RE] 5 gt VOCsHilE Aol #3k o]AL3]
AF(94/63/EC)ol AL, 54 g g Aulo] thar] 7] 8 ARgel o3t
VOCs9] Hj &= AlE 5k o| A} 3] 2] A e 0 7 A Gothenburg
O A(1999/13/EC) o <A ZH-AlE Aeto] 42k 1994 d 7} 1999l o] Fol Xt

o9 HALZ ti7|d #Elel ol F9 Il 2HS wFa glow, it

AL F2 FHA 2 Fa7 gidel Ha k. E=3d 199439 A A oA =

f

A

22 JHAEA, 4 FY Sol F& uioz o 2010W7bA 199949



Anleitung zum Reinhaltung der Luft (TA-Luft) A#® 31%°] 7|4k Fof

AAEHS mstste] AGeA, Az, SH5EUEY, okolol BV,

3.2.4. =2 HAPs ©#g A A

9d=r¢] UK National Atmospheric Emissions Inventory(NAEI)% National
Environmental Technology Centre®l 2]sto] 2% 11 Q) 200339 A|A|H G =2
7] wE JME: 459 e d=4dol 10259 &9

Matter, PCDD/F, PAH, PCB, HFC, PEC, SCCP, PCN and PBDE)& *3%stil

EZAT(NMVOC, Particulate

ATk T3 particulate matter 2 °F 500 NMVOCs, oxidation E]2] Hg, Ni
Za8]at, Cr, 119 PAHs ©F 209% 2] PCBsZ %318t 14 QItHUK Emissions of Air
Pollutants 1970 to 2003, 2005).

w3 =2 NAEIS wiE99] viEw e #efo] A3 Ads v+¢9  Fig.

2.5} o] FxskaL Sl



NAEI Compilation Cycle

Jun

June 06— Begin data collection

2006/07: #2005 Inventory

2007/08: **2006™ Inventory

Mar 07: Finalisc &

Lock 2005 Inventory

Fig. 2.5.-National Atmospheric Emissions Inventory of UK.

3.25. =Y HAPs & A F

59L& HAPs #9598 e =2 048 2 7tad 77184, 7124
TOoR FEE WE/FS FFES st 9lon, A2 20014 AP S drES

=
=, g I 559 45 o]de] 25 g/hellA 1/10 7721 25 g/hzE diF

o, E7lEs o & #ald frIstt=de MAE 7€ 103FlA

BAT (Best Available Technology)E TAZ 3to d]$ A& 7]+& F
ATHEAE R, g7 =4 M EZ ALY, 2008).
olglgt TA-Luftd] 7l&2 s7Fe s HATHY 7lEol™ A & 7FapA ol A
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ZAstn dlndge Fal WEANE A% 074 YGRS FAstelof s,
o] A} EojE F7b 2AE Aser Ak o] W HEAMo]l WMEIANE
ba ek #7h oy
1.

boE 249

0

wERTnE 448 4990 A8 Al HhE B

O

N

!

Aol R Moz AAE gloh gt Aol ofd Ao & 3

T 7= st

3.2.6. MYte] HAPs @3 A

Q35 (The Great Lakes)olA4¢] Regional Air Toxic Emissions Inventory &
toxic air(HAPs) emissiondl] 23 Qs ol FAgey F+d 374 #Ags 3
EAolglom, ol ¢t el FHY 8719 F(llinois, Indiana, Michigan,
Minnesota, New York, Ohio, Pennsylvania®t Wisconsin, 12|32 Ontarios)7}
zhoshe] 1989\ el HAPs 2] o] #<91S 8131,:19894 o] %o F&suls< #15t] Great
Lakes Commission (GLC)& AA|ste], 1 ASe| pointel area sourcesoll thak
A7) e Al Ee] /A28 (Regional Air Pollutant Inventory Development
System; RAPIDS)e|" 7§4t= g1 o},

ol fste] FE 439 FH'HAL v HHRT A Qs #e7| ] o5t
TR x| lo] o] Fojx o oo thal HAE= 199439 Southwest Lake Michigan
Air Toxics Pilot Inventory project® ©]F9] #t}. €] pilot inventory+ small point
o} area sourcesoll skl 49 compounddl Z2HE& g0 FXH I

Az gl tigk QI Eg] o] diste] B 19931, 19961, 19971, 19984, 19991
3} 2001d el 23 A <Great Lakes Regional Air Toxic Emissions Inventory
Report Initial Inventory Using 1993 Data March 1999. U.S. Environmental
Protection Agency Under the Clean Air Act, Sections 112(c), 112(k), and
112(m)U.>

1993 o] AEH inventoryolA = point?} area sourcesolA] 49 pollutants 7}
Aol Hdow Fo wEIES US. Clean Air Acto] <7ste] otis ##

F(Great Lakes States)E°] ©gt HAPs Inventory protocol®] 1994\ 6ol



A = ATt

HAPs InventoryE 7|%3to] glo] F 7149 93 AMLS effort are the
appropriate level of detail ¢} the use of facility versus area approach for
calculating emissions ©] %1t}

HAPs Inventoryol <loJ4 protocole XZAES] LX o F3Isly] ¢35}
thatabstgo]l 3 o] B (Emittants included), #37+4 3sjA%=(Spatial resolution),
AlHA &A= (Temporal resolution), g et T2
4 (Source/device/process categorization)S #HESIIL

Protocol®] ¥i&% A4 AW 5 Facility source approachs Z7+e] A

ato] 3AS Folste] A AS point sources = 333, Area source approach:

RS Qgstel AN F MEgon s
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il

PAHstv 4% Aadz27 7 7 e 1 o wiAlge Ay, vy Ee
TP el o3 EAFEHE AL Atk PAHsO tHiEAQ HEl=
alkylated naphthalenes, phenanthrene®  benzo(a)pyrene®  #o] g%
$H3shet= 2t biphenylsel o] 2% set=9 s 7L ok

R dAdd wAskerE S7bE w0 ol tiEk ThsAdol sepxiviar
B} olthWijayaratne et al, 1984). #7% Fol4 9] PAHs®] #oje} #ull= the
UPOPs 43} 2ol 8al4, 714, deld=, Se& 2l fr71eaEuAla2t

g, s3] Ao ZA HA5HETh dgdge SEEY A UAER

7 =
AHEHH di7lek TARIA e Sty S 3 g HlS Edch: Rl ATRE AMSE L

rlo

=3

il

TS AT B AdE o] frlEao] o3 Aadsted g AE=,
St BulAles 72 AuAeAY BEsSed A¥dol e #7IEE
FANA AWA R ol o] sFA- ol A tH(Mackayet al, 1992; Wey et al,
1998).

Aol PAHs= LAPGEfoln, o]gl Fiol gtae HAy §ilo] wou
S715kol wral EAbE St wheh =53] w2 FREEE UEhle dekAl AdE
7KL vk PAHsE W85 127t 2-47090 4
RSN 57 ool wW F= aAlel] FAE AEHE EAgh wiEd div|Fe
PAHs= Q<& 93] wsten o itsbad o} 22 shetzo]l EAE 79 nitro-PAHs
So] AAEtHMackay et al, 1992; Wey et al., 1998)

PAHs+= DNA ®Wgeat ek} 22 549 4
T8 HAT frl=el delAMe] eI el

PAHsE 2 2314 pA< 289

o

] BE PAHs7F ZA14 @b Aol S



7 AL o ANt o5 & diFE ARIAL EE Fo] WM EdRodE
frabgcH(Yan, 1985 ; Mix, 1986 ; Lehr and Jerina, 1977 ; White, 1986).

FEFom APACR WEH= LY PAHse AAESE 1912 HH=
Hrlgom wiEHH FE At wE wjEo]l AujAelt. th7]F PAHse
ot A B2 A8E AN 7t FHEE EAdtH(Yang et al., 1991).

Ao 2Ry wiE¥ PAHsO $H4099 walo]l Tuix glow, Sgu]Ee]
WA T stutEA e sk e el A wiEE Aol Haus iy JIvh(HEE 5,
2003)

w3 g7], EY AE 5 SEFAA EF B Al tigk At A3 g B

7hgel Euje] EAEAS Hela Sl AR -WEAa jlon, EdfS HET
= A gt 58], t7] & PM 109 skt
2 Jew WEA

oA JFFAEY FoAel #& Ao ®m AFH I vk (Kim and Ok, 2002)

FAA AN EAAL B A2AAY] B dAe wE7taTH AEEA g1
W& 5= PAHsS 7H8 & 2A9 F2o] shpo]ti(Ramdahl et al, 1982 ; Freemam
and Cattell, 1990 ; NRC, 1983.; Tan et al., 1992).

Aol A geldr], GkA]l W] Sl W ARE, ] B Wil AR EE
7} So] F23 PAHsY HWiEdo s FAsaeJ2M(Chuang et al, 1991 ;
Hoffman, 1993 ; Mumford et al, 1991) ¢¥=% X gs 2875 A2 4 ¢ 4 olgjE
sl & WA E PAHs7) vlE ¥ tH(Nammari et al., 2004 ; Wobst et al., 1998).

Tang(2005) PAHs®| &9k TOC7F &t Fe] dadAE 7Hiva Hista
2om  Jones(1989)& TOCS PAHs Xk Afolol| oFgt ko] AaA#AZS 7zltial
H3t3 9tHZhang et al., 2005).



Table 2.6. Physical and chemical properties of PAHs ( Wey et al.,, 1998;
EPA method No. 610)

. . Vapor
. Melting Boiling
. Chemical Molecular h ; Pressure
Compound Abbreviation Formmia Weight 129(111;1: 129(111;1: (mmflg, Structure
25T)
Naphthalene NAP Culls 12816 & 28 71x10°
; , ‘ - - 3 )
Acenaphthylene ACY CioHy 152.20 93 2775 6.7x10 0
‘ _ 3 )
Acenaphthene ACE CioHio 154.21 9% 279 2.2x10 OO
Fluorene FLU Csto 16622 u7 % 600"
Phenanthrene PHE CisHyo 17822 100 340 12¢10™ Og
Anthracene ANT CuHo 17822 218 42 60x10°
Fluoranthene FTH CiHio 20226 110 393 92x10° 008
Pyrene PYR CisHio 202.26 156 404 45x10°° “‘0
Benzo(a)anthracene BaA CisHiz 22829 159 435 2.1x107 OO‘O
Chrysene CHR CisHi 22829 26 443 64x10° Ogo
Benzo(b)fluoranthene BbF CyHiz 252.32 168 393 NR. OQ
Benzo(k)fluoranthene BKF CaoHi 252.32 217 480 96x10™" 0008
Benzo(a)pyrene BaP CoHiz 252.32 177 496 56x10” Og‘e
Indeno(1,2,3-c,d)pyrene IedP CxHiz 276.34 162 534 NR.
23-¢,dps wHi Cr)
) i . ! @
Dibenzo(ah)anthracene DahA CoHiy 21835 262 535 NR. _OOQ
. . _ " 90
Benzo(g,h,i)perylene BghiP CoHp 276.34 273 42 1.01x10 oqg

N.R. : Not reported.
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Fig. 2.6. Trend of GHG emission and absorption per

person.

51.2. QA A A ] MEF B 2L (2006 7<)

AEAE 1905 Sk EHEST By A v Soh AEA e

EF FolE 242 e Aot s, el M= IPCC 2006 G/L< ©]-&-3te]

N2AAA ) Sk s uEd AR shEagd sl7le) AAE ARAe] earts

- n
&g 2 WEE EAA%  weaart gtk sieh g ReAsE Ax
FAXAA Y A FE -k 34 R AV wiEERE A EHY

ezlel, Aol SA7rs wEE vlaske Aol fA7E glen® Alelskgith
ohh, S H e ek o] GHG-CAPSS A=E o] 83 4% A= AxA|e] 247k
WEF] FAAE A& 7 JonE B ARAete] Hlug fste] eIkl
GHG-CPASS A&E olgato] 20061 7102 A7k~ wiE g vl 7hsatt,
1670 BAAAA 47k Wi AE ARt =7HEAIEE Y] 20061 ATEAE
olgste] 1919 2A7kx WEF ddeE Al
1919 &47kAE 7P Bol wWEshs A= 24H49.2 tCO%a/?), 71
e 27k wEAYG2 AE(5.06 tCOeq/DFE HERGOH, 2006 71E A5 A

2 287tCO%q/ 22X A= <l 12.0tCOeq/NET Fom, &4k

r %]
-
oft
o
ol



Al olo] AY wEFol B AGoR vehy

Table 2.8. GHG emissions per person of each city unit(based on 2006)

unit : tCOseq/person

City Population GHG %Iél;:g:lon ber
Seoul 10,181,166 5.2
Busan 3,611,992 7.2
Daegu 2,496,115 6.6

Incheon 2,624,391 11.7
Gwangju 1,407,798 56
Deajeon 1,466,158 6.7
Ulsan 1,092,494 49.7
Kyunggi 10,906,033 8.0
Kangwon 1,505,420 26.4
Cheungbuk 1,494,559 19.7
Cheungnam 1,974,433 194
Junbuk 1,868,365 11.2
Junnam 1,942 925 376
Kyungbuk 2,688 577 24.1
Kyungnam 3,172,857 10.2

Jeju 558,496 8.3
Total 48,991,779 12.0

Kangneung 222,016 28.7

513. 7I2A A 2] wi&F ¥ AL(2006'F)

2 doNE wd@4gstgde] GHG-CAPSS(20061 7]%)
AEAY 197 £47ks WSS 28T7C0ey/AOR AT 23270 7] Z2A A

FollA 14915 deRdTh fAF IS 7R 712D AEAN(10.1tCOq/ D=

1119, A71% FFA(11.3tC0O2eq/¢) = 839 & hebsith

1E 1%} 247} 1G] i Avtold,
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Table 2.9. GHG emissions and absorption of unit area in Kangneung

unit = km? tCOseq/km®

T B 2000 | 2001 4 2002 | 2003 | 2004 2005 2006 | 2007 | Ave

area 1,0401] 1,0403| 1,0402| 1,0402| 1,040.2 1,040.1 | 1,0401| 1,039.8| 1,040.1
enﬁgg?é s 69823 | 7149.7| 7050.0| 74257| 67795 695874| 68322| 72221| 66382
ae‘gjggggg -2925| =362.3| =4540| =4138| 8665 41296 -4389| -6050| -4182
enssions 6680.8| 67875| 6596.1| 7011.8| 64130 6545.79| 63933| 6617.2| 6220.0
enﬁifgns 6435.1| 6691.6| 6581.0| 6950.7| 64419| 667593| 65303| 67366| 62186
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Fig. 2.8. Trend of GHG emissions and absorption of unit area in




5.2.2. F QA AA 9] 24H7FE F WS H 2L (20061F)

G AAG FANAA AN LATtAE Tbg Wo] HjEdE A9 44(86,604
tCOxeq/km™)olm, 7H AL 2271~ mEA 9L 7292352 tCO%q/km?) o2
UERTE ZEA1E 6,832tC0seq/km’ o2 A A Hikch o7k £E31 9lt) ole

247k THlEAEA AME 4F3 BALst Qg s Aol

Table 2.10. GHG emissions per unit area of each city

unit : tCOveq/km®

City area(km?) emissions per unit area
Seoul 99,678 526
Busan 765 34,111
Daegu 884 18,524
Incheon 1,002 30,680
Gwangju 501 15,676
Deajeon 540 18,079
Ulsan 1,057 51,346
Kyunggi 10,132 8,620
Kangwon 16,613 2,389
Cheungbuk 7,432 3,969
Cheungnam 8,600 4,452
Junbuk 8,055 2,598
Junnam 12,095 6,041
Kyungbuk 19,026 3,407
Kyungnam 10,522 3,061
Jeju 1,848 2,509
Total 99,678 5,899
Kangneung 1,040 6,138
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FEANY wHAY a7~ wEFL 6138tC0eq/km’oE AT 2327
| ZARA FAAM 112912 VERYTH A HA o)A EA7(2,126tC00eq/km’) S
1999], FHA1(1,488tCO0eq/km*) = 1649 2 VFERTH

Table 2.11. GHG emissions per unit area as similar city

unit : tCOeq/km”

Province (CG:il‘g) em’E: sti%ln s Total area em&i?%o:rse g er ranking
Chungbuk Chungju 2,036,742 983.76 2,070 151
Jeonnam Haenam 762,751 987.64 772 194
Kyungbuk Uljin 419,547 989.05 424 226
Kangwon Hyingsung 721,492 997.71 723 199
Kyungbuk Kimcheon 2,144,767 1,008.99 2,126 149
Kangwon Kangneung 6,382,848 1,039.82 6,138 112
Kangwon Chuncheon 1,661,408 1,116.64 1,488 164
Kangwon Youngwol 6,066,643 1,127.46 5,381 118
Kyungbuk Pohang 34,839,294 1,128.08 30,884 64
Chungbuk Eusung 656,896 1,175.78 559 215
Kangwon Samchek 7,896,174 1,186.05 6,658 110
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Table 3.1. Sampling Conditions for GHG and HAPs

. Remarks
No Category Site name (Address)
1 Vehicle Gasoline, diesel, LPG 30, 60, 80km/hr
2 cement production Lapas HALLA Cement 280-1 okkeymeon
3 energy industry Youngdong Power plant kangdongmeon
4 manufacturing Dusan BG 81 hwasandong
Boiler-LNG
5 others household boiler
Boiler—diesel
6 landfill landfill site 25-imkogri
Kangneung SWT site 228-1 byungsandong
sewage
7
water » ) o
Jumoonjin SWT site 367-14 youngjinri
8 waste water Jumoonjin WWT site 1207 kohwangri




! SjQREY
[FRE 9gEE) 357-14) o

ZED maEEY k-
(FELME %= 12078 ﬁ!‘q-

[FFL FE-pe s e
III EHXT 12km* | ERILE 61 Ht 1

|
[ | =ppm g ey il i
B S TIEmTE LE
}, ){ (& e 2e0-T) \ ¥
|

,{ / CLATO RS T EILY l‘,
| B =R TewEE |
(e prpiey) |

|
moeves |

n;ue.: Lme) pragpn)) '|l '\ -\

\

A\

oL : i h.j:- ; \
-. [ 4-# R ':."‘. : I_ Y
= f:ldﬁﬁ! \

Fig. 3.1. Sampling Position of GHG and HAPs.




2. 54 R 4 9H
21, 2472 53 2 AW
2.1.1. €472 AEAHF

2111 Hedd Al=A4

ARl A o] Al AIF = WA S| AE HFHET A o]FolH o TH
wejel NEAHE BdYe HF wiETolA olFolFLh wiE ol ANFH A
2 Ade] #& ARgstalom, Alme] 2 TS ol8dte] HEE

oA 23, BT AAToR A4 Eo] JFsIES Stk ol PEE
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Fatnz AuAs Al vy A FEAAS SR duA 2AES £E
SEWE At BAEES ado] ot ¥EF Son, CO.o B¢
Greenline  Gas = ‘analyzer=  ©ol88fo]  AEAFH  AREE  dAKe=

Sstati (= dad e, a7l ed=d iz T5A vV, 2010).
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Age Aol A&H0 2 30km/hr, 60km/hr, 80km/hr 24 E2& FaPx70=Z
gtol AlRE FAsoH, F4A9 4 S0 F37 2= 3km, 6km, 8kmE
T3k

AlBAFE o7l e EA AR (S 2007) 5 El =g &
34

L3718k (VOCs) A3y 2 WiErks 75 - 78 S4e 71Ee=s
[ex]
A

Hom, CO.9 AfdE F3 Aol Greenline Gas analyzerE ©]-83}o]

2113 b8 = Al 5313
@ o] AgfHE mEd FHG Zba wjAlES Edle] o] Fo] AU}
gd FHe] WAool 0.04712m o)W, FI7F 0.004m’e). A A w9

AASTE A8 RS AASAT 4= AARe] 4B Etel AEAH

A 3719 frele) wAE A Bl F A Abgagict
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o]§3ted, 1L/min® FEFCE 1084 37 AHAA AE 7taE HEH Y
Y&t om, FE¥ F5A(ANEMOMASTER  MODEL 6162
KANOMAXiit)& ol-&3dto] wiAlgel o] f&S sAlol S35
A el Agolle vt R AEY 719E FHd Helse $ sk AEd
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Fig. 3.2. Schematic diagram of sampling for GHG at SWT
and WWT Plant.



212 247Fx A%

2 AT AdelAY Als T 247F2(Greenhouse, GHGs)+= A $-2uete]
HEoz AAHY  Ade oJASIEA(CO.),  HEHCH),  oFtshE 2(N0),
T2 E 3l (HFCs), #He3ta2(PFCs), $&313(SFe) ( T A®A 44873 718W
AZEA9ZT)  F  olAFSEA(CO.),  WEHCH), oRFEHEAN0)E  dido=
Bt o Zhzhe] 227kl B 2742 Table 3.2, Table 3.3, Table 3.49} 7t}

71719 AR Ak 3FeHE-©] Chromatogram< Fig. 3.2¥ Fig. 3.3 o YehAd
4714, COxe= Aad7ge] £3E HSwME77F A& 4Fol= CGT-7000 Infrared
Gas analyzer (SIMADZU jit) % EUROTRON Greenline MK2E ©]&3}4]
A8k3l

ShiA

Table 3.2. Analysis condition of COs

Items COgysis

Instrument Agilent 6890N/5973 MSD

GS-CARBONPLOT
Column 60m(L), 0.32mm(LD.), LoumFilm |  ~c1-7000 Infrared Gas

thickness) analyzer

EUROTRON Greenline

Carrier gas He (1.2ml/min) MK2
Injector temp. 230C
Injection Volume lcc
Column temp. 35C (6min)->200 C3min)




Table 3.3. Analysis condition of CH,

Items CH.
Instrument Hewlette Packard 5890/FID
GS-GASPRO
Column

60m(L), 0.32mm(L.D.)

Carrier gas

N> (1.5ml/min)

Injector temp. 230C
Detector temp. 260C
Injection Volume lcc

Column temp.

35T (5min)->20 C min->

200 C2min)
Table 3.4 . Analysis condition of N2O
Items N,O
Instrument Agilent 6890N/ECD
Column HP-MOLSIV

15m(L), 0.53mm(LD.), 25um(Film thickness)

Carrier gas

He (8.0ml/min)

Injector temp.

230C

Injection Volume

lcc

Column temp.

100 C (1min)->15C min->
200°C (1min)




8 388888 i

TR (RO

CH4 CO2 N:O

Fig. 3.3. Standard Chromatogram for GHG analysis.

Hewlette Packard 5890/FID

CGT-7000 Infrared Gas analyzer Agilent 6890N/5973 MSD

EUROTRON Greenline MK2
Fig. 3.4. Analysis Instrument for GHG.
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Carbotrap 300 Multi-Bed Thermal Desorption Tube

Carbopack B
(25mm/approx 175mg)
Sampling Carbosieve S-lI Carbopack C Sampling
Qutlet ( 3m""’aPPlf0X 123mg) (1 Smmiappon 125mg) Inlet
N
< NS 73 / /

7
Stainless Steel Glass Wool Frit
Screen GO001058A

Fig. 3.6. Carbotrap 300 multi—bed thermal desorption tube.
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Table 3.5. Pre-concentrator and GC/MS condition

__Pre-concentrator

Maker and model

Entechiil: 7100 Preconcentrator

Module 1 Temp.

-10C (water remove)

Module 2 Temp.

-50€ (CO; remove)

Module 3 Temp.

=180°C (final concentration)

0o o

Maker and model

Agilentiit. 6890 GC

Column

SUPELCO VOCOL (60m X 320um X 1.8um)

Oven Temp.

35C (5min)—3 C/min—60C —5 C/min->150 C—2C/min—200C
(Post-Run 200°C- 3min)

Injection mode

Split 3:1

Carrier Gas

Helium 1.2 ml/min

Flow Mode

Constant flow

Mass Spectrometer

Maker and model

Agilentiit 5973 MSD

Mode

EI mode, Scan

Mass Range

35-300 (amu)







Table 3.6. Thermo desorption system and GC/MS condition

Thermo Desorption System

Maker and model

Gerstelii TDS 3

TDS Temp.

30C (0.5min)—60C/min—>240C (5min)

TDS Transfer line Temp.

250C

Gas Chromnditionatograph

Maker and model

Agilentiit: 6890 GC

Column SUPELCO VOCOL (60m X 320um X 1.8um)
CIS Temp. -100C (until TDS final Temp.)—12C /sec—220C (10min)
CIS mode Splitless (2min)

CIS Packing material

Deactivated-glass-wool

Oven Temp.

3 N 5 o _)3°C . _)6 eC_)5oC . _)150°C—>2°C . _)20
Oéc%gorsrtnr]%{)un 20! %mll%min /min /min

Carrier Gas

Helium 1.2 ml/min

Flow Mode

Constant flow

Maker and model

[C3/ A iass SoechBimller T, O\ (T

Agilentiit: 5973 MSD

Mode

EI mode, Scan

Mass Range

35-300 (amu)

Adiddaatdadalata
T L T A R
= e

Fig. 3.9. Thermo desorption system and GC/MS apparatus.



Table 3.7. Analysis compounds of VOC

No Compounds No Compounds
1 1,1,1,2-Tetrachloroethane 42 | Chloroform
2 |1,1,1-Trichloroethane 43 |Chloromethane
3 1,1,2,2-Tetrachloroethane 44 |cis—1,2-Dichloroethylene
4 1,1,2-Trichloroethane 45 |cis—1,3-Dichloropropene
5 |1,1-Dichloroethane 46 | Dibromomethane
6 |1,1-Dichloroethylene 47 | Dichlorodifluoromethane
7 1,1-Dichloropropene 48 | Epichlorohydrin
8 1,2,3-Trichlorobenzene 49 |Ethyl ether
9 |1,2,3-Trichloropropane 50 |Ethyl methacrylate
10 |1,2,4-Trichlorobenzene 51 |Ethylbenzene
11 |1,2,4-Trimethylbenzene 52 |Hexachlorobutadiene
12 |1,2-Dibromo-3-chloropropene 53 |Hexachloroethane
13 |1,2-Dibromoethane 54 |Isopropylbenzene
14 |1,2-Dichlorobenzene 55 |Mathylene chloride
15 |1,2-Dichloroethane 56 |Methacrylonitrile
16 |1,2-Dichloropropane 57 {Methyl acrylate
17 |1,35-Trimethylbenzene 58 |Methyl methacrylate
18 |1,3-Butadiene 59  |Methyl tert-butyl ether
19 |1,3-Dichlorpbenzene 60. |m-p-Xylene
20 |1,3-Dichloropropane 61 |Naphthalene
21 |1,4-Dichlorobenzene 62 |n-Butylbenzene
22 |2,2-Dichloropropane 63 |Nitrobenzene
23 |2-Chlorotoluene 64 |n-Propylbenzene
24 |2-Ethoxyethanol 65 |o—Xylene
25 |2-Ethoxyethyl acetate 66 |Pentachloroethane
26 |2-Nitropropane 67 |p-Isopropyltoluene
27  |4-Chlorotoluene 68| Propionitrile
28 | Acrylonitrile 69  |sec-Butylbenzene
29 |Benzene 70 |Styrene
30 |Bromobenzene 71  |tert-Butylbenzene
31 |Bromochloromethane 72 | Tetrachloroethylene
32 |Bromodichloromethane 73 | Tetrahydrofuran
33 |Bromoform 74 | Toluene
34 |Bromomethane 75 |trans—1,2-Dichloroethylene
35 |Butyl chloride 76 |trans—1,3-Dichloropropene
36 |Carbon disulfide 77 | Trans-1,4-dichloro-2-butene
37 |Carbon tetrachloride 78 | Trichloroethylene
38  |Chloroacetonitrile 79 | Trichlorofluoromethane
39 |Chlorobenzene 80 |Vinyl acetate
40  |Chlorodibromomethane 81 | Vinyl chloride
41  |Chloroethane
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Table 3.8. Emission limits average of GHG each site

unit:mg/m’
Description COq CH4 N0
A Site #1 228958.62 0.48 0.87
Energy power generation
A Site #2 222,141.10 0.81 0.51
. Manufacturing B Site 128,114.33 1.94 0.12
Fixed-
combustion
C- Boilerl 221,468.64 0.00 0.03
House heating C- Boiler2 274,133.96 0.00 0.08
D-Boiler 109,469.12 0.00 0.15
G-30km/hr 186,680.89 1.33 0.00
Energy
Gasoline G-60km/hr 178,444.97 0.40 0.12
G-80km/hr 170,209.04 0.74 0.14
D-30km/hr 81,444.11 1.05 2.31
Mobile Transportat o= B T =
combustion i Diesel D-60km/hr 90,595.14 0.49 1.45
D-80km/hr 89,680.03 0.00 0.55
L-30km/hr 188,511.09 852 0.16
LPG L-60km/hr 186,680.89 31.66 1.84
L-80km/hr 191,256.40 8.16 0.01
E Site #1 325,959.47 3.30 0.57
Industry | Minning Cement production E Site #3 298,445,39 26.51 0.78
E Siet #4 127,906.43 75.27 8.10
El(Surface) 0.50 1.43 0.03
Landfill
Ep(Pipe) 0.00 36338 1 0.0
G Site Aerator 2.83 0.02 0.00
G Site Settling 16.44 0.65 0.01
Sewage water H Site Settling 2.20 6.89 0.03
H Site Aerator 0.00 3.43 0.01
Waste
H Site Sludge 3.34 135.75 0.02
Sewage,
waste water I Site Anaerator 0.00 1219 | 0.00
I Site Deaerator 0.02 5.26 0.02
Waste water I Site Digester 21.27 28.07 0.00
I Site Aerator 21.16 143 0.09
I Site Flare stack 506.65 12.88 0.83
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Table 3.9. HAPs concentration of vehicle run and cement manufacturing

LPG Diesel Gasoline
Compounds AHE
30km/hr | 60km/hr | 80km/hr | 30km/hr | 60km/hr | 80km/hr | 30km/hr | 60km/hr | 80km/hr
1,1,1,2-Tetrachloroethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1,1,1-Trichloroethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1,1,2,2-Tetrachloroethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1,1,2-Trichloroethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1,1-Dichloroethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1,1-Dichloroethylene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1,1-Dichloropropene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1,2,3-Trichlorobenzene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1,2,3-Trichloropropane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.14
1,2,4-Trichlorobenzene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 1.28
1,2,4-Trimethylbenzene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1,2-Dibromo-3-chloropropene N.D. N.D. N.D. N.D. N.D. N.D: N.D. N.D. N.D. N.D.
1,2-Dibromoethane N.D. N.D. N.D- N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1,2-Dichlorobenzene™® N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1,2-Dichloroethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1,2-Dichloropropane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.




Table 3.9. HAPs concentration of vehicle run and cement manufacturing

LPG Diesel Gasoline
Compounds A E
30km/hr | 60km/hr | 80km/hr | 30km/hr | 60km/hr | 80km/hr | 30km/hr | 60km/hr | 80km/hr
1,3,5-Trimethylbenzene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.48
1,3-Butadiene® N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
1,3-Dichlorobenzene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 3.47
1,3-Dichloropropane N.D. N.D. N.D. N.D. N.D. N.D: N.D. N.D. N.D. N.D.
1,4-Dichlorobenzene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
2,2-Dichloropropane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
2-Chlorotoluene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
2-Ethoxyethanol® N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
2-Ethoxyethylacetate™ N.D. N.D. N.D. N.D. N.D. N.D. 435.59 957.20 420.80 N.D.
2-Nitropropane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
4-Chlorotoluene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D N.D. N.D.
Acrylonitrile® N.D. N.D. N.D. N.D. N.D. ND. N.D. N.D N.D. N.D.
Benzene™ 7.86 5.46 797 82.69 28.87 43.06 109.65 11.35 11.95 2.08
Bromobenzene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D N.D. N.D.
Bromochloromethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D N.D. N.D.
Bromodichloromethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Bromoform N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.




Table 3.9. HAPs concentration of vehicle run and cement manufacturing

LPG Diesel Gasoline
Compounds A E
30km/hr | 60km/hr | 80km/hr | 30km/hr | 60km/hr | 80km/hr | 30km/hr | 60km/hr | 80km/hr

Bromomethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 1.51
Butyl chloride N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
Carbondisulfide™ N.D. N.D. N:D. N.D. N.D: N.D. N.D. N.D. N.D. N.D.
Carbontetrachloride® N.D. N.D. N.D. N.D. N.D. N:D. N.D. N.D. N.D. N.D.
Chloroacetonitrile N.D. N.D. N.D. N.D. N.D. N.D: N.D. N.D. N.D. N.D.
Chlorobenzene N.D. N.D. N.D: N.D. N.D. N.D. N.D. N.D. N.D. 0.22
Chlorodibromomethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Chloroethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Chloroform™ N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Chloromethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 21.09
cis—1,2-Dichloroethylene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
cis—1,3-Dichloropropene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Dibromomethane N.D. N.D. N.D. N.D: N.D. N.D. N.D. N.D. N.D. N.D.
Dichlorodifluoromethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Epichlorohydrin® N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Ethyl ether N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Ethyl methacrylate N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Ethylbenzene® 644.63 219.30 370.10 829.82 1,881.98 7,538.04 1741 10.92 20.25 1.22




Table 3.9. HAPs concentration of vehicle run and cement manufacturing

LPG Diesel Gasoline
Compounds AHE
30km/hr | 60km/hr | 80km/hr | 30km/hr | 60kmv/hr | 80km/hr | 30km/hr | 60km/hr | 80km/hr
Hexachlorobutadiene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
Hexachloroethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
Isopropylbenzene N.D. N.D. N.D. 2.46 1.69 14.14 N.D. N.D. N.D. 0.16
Mathylenechloride® N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
Methacrylonitrile N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
Methyl acrylate N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
Methyl methacrylate N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
Methyl tert-butyl ether N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
m-p-Xylene 661.28 221.32 384.78 773.60 1,866.43 7,093.11 19.70 10.81 18.34 1.06
Naphthalene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 3.32
n-Butylbenzene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
Nitrobenzene™® N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
n-Propylbenzene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 0.32
o-Xylene 464.47 163.19 26880 502.94 1,223.49 4,820.45 16.26 10.04 15.77 1.03
Pentachloroethane N.D. N.D. N.D: N.D. N.D. N.D. N.D. N.D. N.D. N.D
p-Isopropyltoluene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
Propionitrile N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
sec—Butylbenzene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D




Table 3.9. HAPs concentration of vehicle run and cement manufacturing

LPG Diesel Gasoline
Compounds Al E
30km/hr | 60km/hr | 80km/hr | 30km/hr | 60km/hr | 80km/hr | 30km/hr | 60km/hr | 80km/hr

Styrene™ N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. 2.11
tert-Butylbenzene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Tetrachloroethylene™® N.D. N.D. N.D N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Tetrahydrofuran 33.02 14.90 16.05 40.88 30.07 16.05 N.D. N.D. N.D. N.D
Toluene 638.63 551.90 535.04 787.24 692.06 1,208.21 517.30 492.90 432.15 53.48
trans—1,2-Dichloroethylene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
trans—1,3-Dichloropropene N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
Trans-1,4-dichloro-2-butene N.D! N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
Trichloroethylene™® N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
Trichlorofluoromethane N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D
Vinylacetate® N.D. ND. ND: N.D. N:D. N:D. N.D. N.D. N.D. N.D
Vinylchloride™® N.D N.D N.D. N.D. N.D: N.D. N.D. N.D. N.D. N.D
PAHs* 2.56' 1.13' 0.62' 190.84' | 6907.36" | 155.02' 1059.92" | 899.46' 4771 53.52
¥ 53% HAPs
' AEE (2005).
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Table 3.10. Procedure of emissions estimate methodology
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Bottom up Approach
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V. d725% 5 a3
1. 54 24712 WE&F A
L1, AR FZ
L11. Yy =x1tgd

AuiAlddel el tirjze] 47~ HlEE T8 wieeAddd BdEE iR
sfo] £avta) WMESES wEA AT A7 £aslse s
gale] H59 A4ng sl2on neld AuAEYe J|FoR Aze] s
MEATE e i gAle AR duA AR S ZekE st HEeds
A alglet,
AUA TR 7L HEAFRESS ot e AR 3§

Fssh,

Eﬂ

Ee= (EF »A+1,000)
o}7] A, Ee :HlEolA]] 2471~(00; CHy NO) Bl (ton CO; eq. /yr)
EFp : wiEdelA o &2 712 Fit &5 (kg CO; eq./ton)
A AT SEE(AEAEE, ton/yr)

1,000 : vi=Ze] 9] M3k (kg— ton)

EFp=3.(Ef )/n

71X, EFp : W&ol Ao 24712 Fu] & A5 (kg CO, eq./ton)
Efp; : AFYE 227F~(CO,, CHy, N:O) HIZEAIG~(kg CO: eq./ton)

= WS4l M (A7F~Y)

L
AN

n

Efp ;= CoxGWP< M= Vx3,600+Fb+1, 000, 000
AZIA, (p @ FABARANM  ZA7+e] 247E(CO,, CHy, NoO) &= (mg/Sm')



GWP: 237k A2 skx] =

Fb @ A3 A8 A (ton/hr)
3600 : N7He 22 3H4H(3,600sec/hr)
1,000,000 : %= 9] H3(mg— kg)

IR oA 27 wlEAIG = 187]00A4 CO= 74094 kg CO:» eq./ton,
CHs= 003 kg CO: eq./ton, NoOE= 0.87 kg CO: eq/tono® FALE QS
25709 A7k~ wiEAlIg= CO, 808.25 kg CO» eq./ton, CHy= 0.06 kg CO,
eq./ton, NoO= 058 kg COyz-eq/tonl i ZAFEQITE 1, 257]9) A7 S5
AZAEHFES A4 ton 2 SMRE AR = ARESRGloH, 1579 s 492,75
ton/yr, 25719 5% 747,835 ton/yro. & 3pe b oA o] A7 F wjEHe
970,498 ton CO, eq./yro.= F4= A}

ZeAGdY AU AFEY AU ANET  sE T ALCAY AT
HEAFe 25 2 WSS Table 419 HEHASI T

O

Table 4.1. GHG emission factor and emissions at energy industry

Descrintion Emission factor Activity™ Emissions
P (kg COz eq./ton) (ton/yr) (ton CO; eq./yr)

CO; 740.94

#1 CH, 0.03 492,750
NO 0.87

970,493

COy 808.25

#2 CH, 0.06 747835
N:O 0.58

A UREAE(2007d AR ).
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ANAFZANA nAAL Pt vilEd T dAUA THS AL

Ee=(EF xA+1,000)
7)1, Ee : wlZ&Aol x| £27}2(CO, CHy NoO) ¥1E % (ton'CO; eq. /yr)
EFp @ mZ oA o] 247} g3tu) =75 (kg €Oz eq./m”)
A ¢ A7 EE(ABAEZ myr)

1,000 : vi= o] e W (kg— ton)

EFp="3, (Bfp)/n

o 7|1M, EFp : Wl&YolA e 2472 FaulEA5(kg CO; eq./ton)
Efp; + A8 247+2(CO,, CHy, N2O) ¥iE Al (kg CO2 eq./ton)

n o A5 MEAs e (EA7EE)



22 AzGolre] L2172 wjEAGE COE 752 kg CO2 eq./nt, CHAE 0.0024
kg COz eq./m, NoO= 0.0022 kg COq eq./m' ©2 ZAFE STt Aol Ae] Azt
5ol LPG A8ARE S 1123800 m'/yre=- a3 AxgAdae 24714 &
& ES 8461 ton CO: eq./yro& FAETH

54 R AAA L 2Tt wiEASs R BFEE Table 4.2

LHERL ST

Table 4.2. GHG emission factor and emissions at manufacturing and

construction industry

Description Emission factor Activity™® Emissions
(kg COz eq./m") (m'/yr) (ton CO2 eq./yr)
COy 752
CH,y 0.0024 1,123,800 8,461
N:O 0.0022

A WEAE007TE AFE ).
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Table 4.3. GHG emission factor and emissions at house heating

Description Emission factor Activity™® Emissions(ton COz
(kg COz eq./L) (L/yr) eq./yr)
CO, 1849
medium size CHy N.D.
N:0 0.0008
Diesel 6,925,000 119,801
COy 16.11
small size CHy N.D.
N:O 0.0015
CO: 0.0046
LNG CH, N.D. 11,706,000,000 53,647
NsO 0.000002

FAEA WEAE(2007 AL )
M 44 B A 2~ € (PEDSIS) 2 &, 200733 A}-&
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1.50 kg CO; eq./L, 80km/hr&™ 1.47 kg CO:z eq/LO.Z AZHAA wlE&A57) &
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AR 49, CO. WlEAIg+ 30km/hr 9w 1.07 kg CO2 eq./L, 60km/hr
1.64 kg CO, eq./L, SOkm/hr&dul] 1.66 kg COs eq/Lo& 1< wiEAG7F =&
Aom FAHA oW, CHi¢t "NoO= AE e ® v w2 wjESAFE 7H ol wel
Bl Ae asdu 247k wiEwe] ol A & e AoE ddHch

LPGAF=F2] A% COs "WlEAg = 30km/hr - ¥#l 060 kg CO: eq./L, 60km/hr
062 kg CO: eq/L, 80km/hr&du] 039" kg €O, eq/LoZ  AZ(30km/hr)}
PE@0km/hr) Y w Bop Fiido® FEH60km/hr) oA wiEAF7 =& Ao0R
ZALE A

AAA o2 2A7E= wWiEATE 7EERS AR Aol wiEATTE =4
A, LPG AHge] viEAlTe thE AR AR Ao vhe Jlo g ke

maFolae] TkEde] b AR 61,881,584 LAiyrel SR AR RS

AREE o AR AZF AREERS 121,041,481 L/yr EA7R=9] A
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102,632 ton COs eq./yroz FAEFJoH A 2= 176,910
LPGAFE 25172 ton CO2 eq./yr &2 FH = Ach

ton CO, eq./yr,

BN E2FFA A wEATe G5 E 2 wEFS Table 4.400
L EF AT
Table 4.4. GHG emission factor and emissions by vehicle run
Description Emission factor Activity™® Emissions
(kg CO; eq./L) (L/yr) (ton CO eq./y1)
CO 2.01
30 km/h CH, 0.00030
N,O N.D.
CO 1.50
Gasoline 60 km/h CH, 0.00007 61,881,584 102,632
NO 0.00031
CO, 147
80 km/h CH; 0.00013
NO 0.00037
COy 1.07
30 km/h CHy 0.00029
NO 0.00942
CO, 1.64
Diesel 60 km/h CHy 0.00019 121,041,481 176,910
NO 0.00811
O 1.66
80 km/h CH, ND.
N>O 0.00315
CO 0.50
30 km/h CH, 0.00048
N,O 0.00013
CO 0.62
LPG 60 km/h CH, 0.00223 49,674,351 25,172
N,O 0.00191
CO 0.39
80 km/h CH, 0.00035
N,O 0.00001

S WEAE(20079 A )
- N.D.: not detected.
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D A7 f4(m/sec)

g7 A2k (ton/hr)
3600 : AN7+e =2 3HAH3,600sec/hr)
1,000,000 : =2 9] H3(mg— kg)

ARE 22|49l CO, vlEAlT= 157]9141-907.91 kg CO2 eq./tono.= 235.7],
33719 74863 kg CO: eq./ton, 400.06 kg CO: eqg/tonHt} & wjEAFE
How CHyeF NoOE 4570 A 2] viE&AIT7F 22y 4.94 kg COq eq./ton®} 7.86 kg
COs eq./ton2. & 0.16 kg COg eq./ton, 0.49 kg CO» eq./ton= ¥l 1579} 1.40 kg
CO2 eq/ton, 061 kg CO: eq/tons HSI 2570 wlsle] FjHoz H=&
HEAITE Hole ZOoE| AR ol &ARAA AARHI e HYES

et Sle dmTlel ei@mrlel Hlate] B2 CO, s=¢ 4 CHa9 N:OE
dider =2 MEAFE Holed ol AdHez S9ddLHE HEO

=
A NA Artes S A 5962523 ton/yre FEEE AWE
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o2 FAE .

= Ao
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Table 4.5. GHG emission factor and emissions at cement manufacturing

Description Emission factor Activity™ Emissions
(kg CO2 eq./ton) (ton/yr) (ton CO; eq./yr)

COy 907.91
Line 1 CH, 0.19
N:O 0.49
COy 74863

Line 2 CH,4 140 5,962,523 4118278
N:0 0:61
COy 400.06
Line 4 CH, 494
N:O 7.86
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Table 4.6. Existing CH, data at landfill exhaust line in winter

Description CH, Conc.(L/min) 4
season
4season average
Site line Winter /winter
average
1 1,410.39 1,331.43 1.06
A 2 793.13 496.14 1.60
3 341.01 913.79 0.92
1 40.23 50.59 0.80
B
2 0.08 0.02 4.00
1 0.10 0.02 476
C
2 3.99 4.65 0.86
1 164.71 78.94 2.09
D
2 183.54 37.68 4.87
1 217.65 108.19 2.01
2 40.48 48.38 0.84
E 3 1,541.23 39.63 38.89
4 38.26 35.95 1.06
5 50.95 19.63 2.60
1 32.78 28.98 1.13
F 2 0.81 0.55 1.47
3 0.17 0.03 5.67
1 0.01 0.00 101.67
G
2 0.06 0.00 14.25
1 0.12 0.06 1.92
H
2 0.07 0.01 7.25
Average 951
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Table 4.7. GHG emission factor and emissions at landfill site
Descripi Emission factor Activity Emissions
SCriptuaon
(kg CO, eq/m) (myr) (ton CO; eq/ym)
cO, 0.0000001
Surface CH, 0.0000037
NO 0.0099896 72,000 % 70.29
O, ND. 668.50
Exhaust
, CH, 093
line
N.O N.D.

AT E BA DA A (B AF, 20079 o) g

ARy Ege aEe e

- N.D.: not detected.
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Table 4.8. Existing CH, data at landfill exhaust line in winter

Description CH, Conc.(ppm) 4season
1 average
Site Sampling point season Winter /winter
average
Equalization basin 1,544.33 106 14.6
A
Manhole 975.53 3.9 250.1
Grit Chamber 4,995.38 518.7 9.6
1st Clarifier 873.60 2237.6 0.4
B
Thickener 1,992.13 529.6 3.8
Sludge Digester 36,057.30 36057.3 1.0
2nd Clarifier 68.98 34.8 2.0
C
Thickener 3,654.98 86.7 42.2
Average 40.5

deA e steA oA AL 2AVFE ME A FS AR, tiirEe A
A g, Aoz 2rrme] BHEGAAM COy WMEATFE A AN
AFE oW, CHy, N2O9] W= 2 Af e B A el 4do] CHy ol 3%
158] o =7 HEhbs Ao =A%)

olg]dt Yoz A Fe] A4 8

2}
o
!
I

dente Aow duE,
ged, oiFm ADAdd AR Ae] W LAsts WEGe
SgAlel o] 8 ol 2 FRelelE 2783 BAZEe) 0.20 ton CO, eq/yrith
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2o 018 ton COs eq./yro= ZAFES]
strA el t7|2e] 2471419 wiES AldA ol ot B2 Jgs

o Wyl weh ARH Gl WG FuYS weldtel FTES 4050

§oto] 27 wiEEFSE AL A3 AMEEE 7.39 ton CO2 eq./yr

=
mEty BT Ao 9@ wEgm Asst A AAE 54
vesty By 2472 wlEA 7S Table 4991 YeER] S

Table 4.9. GHG emission factor and emissions at SWT

Descripti Emission factor Activity;'E Emissions
escription
(kg CO, eq./m’) (m®/yr) (ton COz eq./yr)
CO, 0.0000009
Sedimentation CH, 0.0 8
tank )
N:O 0.0000002 0.18
A 26,389,185 o
CO, 0.0000042 739
Aeration CHL 0.0000006
tank
N:O N.D.
CO, 0.0000002
Sedimentation CH. 0.00001%
tank
NO 0.0000003
CO, ND.
Aeration 0.20
B C 0.0000107 2 .
e H, 3,233,900 806™*
N,O 0.0000005
COy 0.0000000
Sludge CH, 0.0000367
tank
N:O 0.0000001

et n EAQR(BAN, 2007 at5A 2 )
FE AR wjEues 193 uEF
- N.D.: not detected.
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Table 4.10. Existing CH, data at WWT in winter

Description CH (ppm) Aseason
average
Site Sampling point 4season Winter /winter
average
A Grit Chamber 524.93 1875 0.3
2nd Clarifier 0.60 0.6 1.0
Thickener 942.03 2101.3 0.4
B 1st Clarifier 1,924.25 1307.2 15
2nd Clarifier 49.03 0.2 245.1
Thickener 1,604.95 103.3 15.5
C 2nd Clarifier 102.75 407 0.3
Thickener 7,301.03 2976 2.5
D 1.3
28.0
5.7
E Aeration Basion 71.88 91.8 0.8
2nd . Clarifier 18.25 2 9.1
Thickener 634.90 341.3 19
F Equalization basin 3.23 0.2 16.1
Pressure flotation 2.65 0.3 8.8
Clarifier 1.00 0.5 2.0
G Equalization basin 0.35 0.1 35
Clarifier 228.85 0.3 762.8
Thickener 8.53 0.5 17.1
Average 56.2
D 11.7
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Table 4.11. GHG emission factor and emissions at WWT

Descrintion Emission factor Activity™® Emissions
P (kg COz eq./m’) (m¥/yr) (ton CO; eq./yr)
COy N.D.
Non aejroblc CH, 0.00005
basin
N,O N.D.
CO, 0.000000001
Deaerator CHy 0.00000312
N:O 0.00000017 6,38 .
7459**
CO; 0.000001
Anacrobic CH 0.000037 949,000
basin
N:O N.D.
CO;y 0.000011
Acrobic CH 0.000016
basin
N:O 0.000014
CO, 0.04
Flare
stack CHy 0.02 81.55
NO 0.02

Falrn SAQR(SAE, 2007 HAGA )
FEAAE w e &S w3 e
- N.D.: not detected.
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2. 78 ¥lEddd e HAPs W% A

BEA o] 2 HAPs WEY FolA 714 lEee] B g% e A%e7
5099 EEedrdH HAPs 2do] 24 9 ENS saaglon wEes

AWE Az NEAF =58 ofele) 48 2% a6 =Esdnh

Fe = (BF, < A -1,000,000)
o] 714, Ee : wjEolx o] HAPs Wl= (kg/yr)
EFp : wj&<l A 2] HAPs 1t 8] & A 4=(mg/ton)
A A SEE(EFE A A, ton/yr)

1,000,000 = vh=Fe] @9 M (mg— kg)

EFp= ;nl(Efp Dn

o171, EFp : ¥l&ol A2l HAPs v Z A 4=(mg/ton)
Efp; © N34 HAPs w745 (mg/ton)

n @ AS WESAs A
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Efp, = Op X Mx Vx 3,600+ P+ 1,000

o171M, (p + S8AAANA Z2ke] HAPs 55 (ug/Sm)

FeAG ARFEFT 9% olde wEsts AREA] tiste] HAPs
HE2AEE AT S 43717 38 T ke, olF 178 =743 7))l
HAPsol tisto] =S Fdepsitt. AHME Az e HAPs WS A<t
5% 9 wWEFS Table 412 o e ST
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Table 4.12. HAPs emission factor and emissions at cement manufacturing

Compounds ErfI;icsts()i:n Activity™ Emissions
(mg/ton) (ton/yr) (kg/yr)
1,2-Dichloroethane N.D. 0.00
1,3-Butadien N.D. 0.00
2-Ethoxyethanol N.D. 0.00
2-Ethoxyethyl acetate N.D. 0.00
Acrylonitrile N.D. 0.00
Benzene 6.51 38.79
Carbon Disulfide N.D. 0.00
Carbon tetrachloride N.D. 0.00
Chloroform N.D. 0.00
Epichlorohydrin N.D. 5,962,523 0.00
Ethybenzene 3.80 22.66
Methylene chloride N.D. 0.00
Nitrobenzene N.D. 0.00
Styrene 6.60 39.35
Tetrachloroehylene N.D. 0.00
Trichloroethylene N.D. 0.00
Vinyl acetate N.D. 0.00
Vinyl chloride N.D. 0.00
PAHs 167.40 998.14

FASA MR AR0TE AHEE) 2 A AR

- N.D.: not detected.
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Ee=(EF, < A+ 1,000,000)
o 71X, Ee : iEYolMe] HAPs viE (kg/yr)
EFp WiZ2elA ] HAPs 33 aiZ A5 (mg/L)
A /) B3 85 =@ oAt =iy

1,000,000 - vWh&%e] &9 ¥Hmg— kg)

EFp= 33(Efp ) n

o] 714, EFp.: #iEol ' HAPs Hatvl=Al(mg/L)
Efp; @ AP35 HAPs vlEAR(mg/l)
o AR e A E A )
Efp, = CpX MX VXt Xmi -+ R-+1,000
oJ71M, Cp + SAAFNA Z2e] HAPs =(ng/L)

t : 54 AZHmin/13])
R F A (km/13))

60 @ ¥S =2 32H60 sec/min)
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Table 4.13. HAPs emission facter-and emissions at LPG vehicle run

Compounds Emission factor(mg/L) Activity Emissions
30km/hr | 60km/hr | 80km/hr | Aver. (L/yr) (kg/yr)

1,2-Dichlorobenzene N.D. N.D. N.D. N.D. 0.00
1,3-Butadiene N.D. N.D. N.D. N.D. 0.00
2-Ethoxyethanol N.D. N.D. N.D. N.D. 0.00
2-Ethoxyethyl acetate N.D. N.D. N.D. N.D. 0.00
Acrylonitrile N.D. N.D. N.D. N.D. 0.00
Benzene 0.021 0.018 0.016 0.018 0.92
Carbon disulfide N.D. N.D. N.D. N.D: 0.00
Carbon tetrachloride N.D: N.D. N.D. ND: 0.00
Chloroform ND. N.D. N.D. N.D. 0.00
Epichlorohydrin N.D: N.D. N.D. N.D. 49,674,351 0.00
Mathylene chloride N.D. N.D. N.D. N.D. 0.00
Nitrobenzene N.D. N.D. N.D. N.D. 0.00
Styrene N.D. N.D. N.D. N.D. 0.00
Tetrachloroethylene N.D. N.D. N.D. N.D. 0.00
Trichloroethylene N.D. N.D. N.D. N.D. 0.00
Vinyl acetate N.D. N.D. N.D. N.D. 0.00
Vinyl chloride N.D. N.D. N.D. N.D. 0.00
PAHs** 0.007 0.004 0.001 0.004 0.20
Total 111
¥ A AR 2007 AFE )
*F 25 2(2005)
- N.D.: not detected.
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Table 4.14. HAPs emission factor and emissions at light oil  vehicle

running
Emission factor(mg/L)
Compounds Activity Emissions(k
(L/yr) g/yr)
30km/hr | 60km/hr | 80km/hr | Aver.
1,2-Dichlorobenzene N.D. N.D. N.D. N.D. 0.00
1,3-Butadiene N.D. N.D. N.D. N.D. 0.00
2-Ethoxyethanol N.D. N.D. N.D. N.D. 0.00
2-Ethoxyethyl acetate N.D. N.D. N.D. N.D. 0.00
Acrylonitrile N.D. N.D. N.D. N.D. 0.00
Benzene 1.09 0.52 0.30 0.64 76.95
Carbon disulfide N.D. N.D. N.D. N.D. 0.00
Carbon tetrachloride N.D. N.D. N.D. N.D. 0.00
Chloroform N.D. N.D. N.D. N.D. 0.00
Epichlorohydrin N.D. N.D. N.D. N.D. 121,041,481% 0.00
Mathylene chloride N.D. N.D. N.D. N.D. 0.00
Nitrobenzene N.D. N.D. N.D. N.D. 0.00
Styrene N.D. N.D. N.D. N.D. 0.00
Tetrachloroethylene N.D. N.D. N.D. N.D. 0.00
Trichloroethylene N.D. N.D. N.D. N.D. 0.00
Vinyl acetate N.D. N.D. N.D. N.D. 0.00
Vinyl chloride N.D. N.D. N.D. N.D. 0.00
PAHs 2.51 124.68 1.07 42.75 517512
Total 5,252.08
F A WEAR2007d A )
*F 25 2(2005)

- N.D.: not detected.
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Table 4.15. HAPs emission factor and emissions at gasoline vehicle running

Emissionfactor(mg/L)
30km/hr | 60km/hr | 80km/hr | Aver.
1,2-Dichlorobenzene N.D. N.D. N.D. N.D. 0.00
1,3-Butadiene N.D. N.D. N.D. N.D. 0.00
2-Ethoxyethanol N.D. N.D. N.D. N.D. 0.00
2-Ethoxyethyl acetate 4.70 8.02 3.62 545 337.11
Acrylonitrile N.D. N.D. N.D. N.D. 0.00
Benzene 1.18 0.10 0.10 0.46 28.48
Carbon disulfide N.D. N.D. N.D. N.D: 0.00
Carbon tetrachloride N.D. N.D. N.D. N.D. 0.00
Chloroform N.D: N.D. N.D. N.D. 0.00
Epichlorohydrin N.D. N.D. N.D. N.D. 61,881,584* 0.00
Mathylene chloride N.D. N.D. N.D. N.D. 0.00
Nitrobenzene ND. N.D. N.D. N.D. 0.00
Styrene N.D. N.D. N.D. N.D. 0.00
Tetrachloroethylene N.D. N.D. N.D: N.D. 0.00
Trichloroethylene N.D. N.D. N.D: N.D. 0.00
Vinyl acetate N.D. N.D. N.D. N.D. 0.00
Vinyl chloride N.D. N.D. N.D. N.D. 0.00
PAHs 11.43 7.54 0.41 6.46 399.80
Total 765.38

¢e Al WE-AE (20079 AHE )
M -4 5A] 2~ 8 (PEDSIS) A&, 2007y A& 2
N.D.: not detected.
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Fig. 4.13. Comparison between default-value emissions and
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O Default value |

=
At

1,800
1,548

1,600

1,400

1,200

1,000

BOO 1 bbl

ton CO, eq.fyr

400

200

coz2 CH4 N2O
TR

Fig. 4.14. Comparison between default value emissions and

revision actual emissions at landfill site.

- 133 —



H7 &5 T A A 7] Tor wEYe 24ATFE wiE el
tiste]l 71€9] IPCCY Default value®t 2Ze 9d wiEAFT=Z AHAHH
Wl & 2 Hlal Frheksith
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St g oA AFd o) FAE = A7 wlE 32 04 ton CO2 eq./yr

o2 o] default valueoll €3+ viE &<l 1,188 ton CO;2 eq./yre] eF 0.03 %0l

wowM f98 FF WA L /1L dFol Y& ACE AW oo
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Fig. 4.15. Comparison between default value emissions

and actual emissions at SWT plant.
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and revision actual emissions at SWT plant.
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Wl & 2 Hlal Frheksith

HgA g gel e Ao wiEge A Aol di7]ek HFatol A= A
et Mt AE5S FckdaL, ofd wE 24A7FE wiE"S A e iTh

H A 2] ol A A= 93] FAEE 2472 &S 88 ton COs eq./yr

o 2 o] default valueol 23+ wjZ==<l 83 ton CO: eq./yrel ¢k 1.064] 0l

rfo

ol ddeor FATA Aede ¥ VIR dFol d& ALo=
debE vk ool Aol A AAEAD TN HFH A 2070 g ol el ARAAE
dete] " AlewEe Axd wEssd Hles Ao, oF
TAb=el FHeol es LAsts ASAG A FARRE AEel o

Fe | AAAIE Aede  EAH s 1L7HE 485

o

o] FEE kst 247 wiEFS 156
ton COy eq./yr &2 o]+ default valued] 23+ vi=E k2] 83 ton COs eq./yre]
oF 1.889 el sigetH, @ 2o s A3 247l wEHF2> 75 ton
CO; eq./yr &2 o]+= default valueol| €3t =22l 83 ton CO; eq./yre] <F
0.9uoll ajFst= Aoz HrhE AT

227k~ v ZEo] do] A default valuex= CHy %o vjEHE o=
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Fig. 4.17. Comparison between default value

emissions and actual emissions at WWT plant.
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Fig. 4.18. Comparison between default value emissions and revision
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ds ol AMEE AHRs 71E9] IPCCEILAM oA o] AN AE wlj & 3t Wlalgh

Lo

JEE 73 2007de] ARE A}L&stgtl. Table 513 Table 5.29
S 7F2~ 9k HAPs®| w55 242 YERUL

Table 5.1. GHG emissions estimation result by actual value in Gangneung

area
L Emissions estimation(ton CO; eq./fyr)
Description

CO; CH, N0 Total
Energy Industry 969,576 62 860 970,498
Fixed Manufacturing 8,456 3 2 8,461

Combustio
n kerosene 119,793 0 8 119,801
House heating

Energy ING 53,624 0 23 53,0647
Mobile Gasoline 102,607 10 14 102,632
Combustio| Transportation Diesel 176,056 19 835 176,910
n LPG 25,088 50 34 25,172
Industry | Minning Cement production 4,087,496 12,985 17,797 4,118,278
Landfill 0.04 69.53 0.72 70.29
Waste™ Sewage Sewage water 0.14 0.23 0.01 0.38
waste 3

water Waste water 40 23 25 88

>< — 1
H71E e A RAAFE AMESHA &5
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Table 5.2. HAPs emissions estimation result by actual value in Gangneung

area
Emissions estimation(kg/yr)
Category 2 Rrhoxy Ethyl St th
B Benzene y y other
ethylacetate benzene rene s PAHs Total
Cement .
. - 38.79 22.66 39.35 998.14 1098.94
manufacturing
LPG 0.00 0.92 - - 0.20 1.11
Viﬂ‘rfle Diesel 0.00 76.95 - - 5175.12 | 525208
Gasoline 337.11 28.48 = - 399.80 765.38

ARE ol&ske] HiEATEI AL, eols E
2 gste] 247F~9 HAPsel tid miEds MBS 234 247129 A%
AHE b @obzt M B2 4118278 ton CO; eq./yr ollem HAPs9
MEge AWE gzdeld 109894 kghrz AEIQD. w2 5dd A
WA= HAPsS Wi LPG Ake)l 739 111 keg/yr, A Ao 4%

5,252.08 kg/yr, 1% 2ol -9 765.38 kg/yr= £AHE

AT E St =59 999 Z23E goketd vad 2k

WA LoA ASS B WlEHEE GHGY %2 970498 ton CO
eq./yr2M default valuedl] 2]t nj&=F<l 1,758 503 ton CO: eq./yrel ¢F 55
%l dete= Aom Hrhe

AzPoNA A=S Foto &5 = GHGE F2 8461 ton CO: eq./yr=4
default valueol ¢]3F wjZ=k2l 4102 ton CO: eq./yr Hrt} 28] =4 vEUE=
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Ao w 7hE vt

TG A A= Folo] wlEE = GHGE #F2 173,448 ton COs eq./yr
ZA default valueol] &3+ wE=F<Q1 102,991 ton CO2 eq./yr Rt} 1.68] =7
Yt Aoz HI7hE A

L2FFANA ASFE Tt miEE = GHGE %2 304,714 ton CO: eq./yr
Z A default valuedl <38t w]&3<Q] 549,335 ton CO: eq./yrel °F 55 %9
gt Aoz HrhE A

AHE AzGAdA H5S Sl vMiEsHs GHGO #F2 4,118,278 ton
CO: eq./yr &H default valueol] 2J3F wj&=<Ql 2,957,895 ton CO: eq./yr=H
1.388) =A Yetds Aoz H7FE A L2y default valuedl Al A EANE&
133§ 3,861,085 CO2 eq./yr2# 94%°l sldst= Aoz H7FE Ut

ol A AFHS Fole] wEFE = GHGE &2 70 ton CO» eq./yr =4
default valueoll ©Jgt vl & Q) 1,548 ton CO; eq./yr=X 5%°l sl dst= Ao =2
B7rE Aok, 2y Alde ek FFS LHSE d¢ 2S5 FE 669 ton COq
eq./yr=4 43%°) | Fst= ASE P 7FE AT

st A e FoA AE5S §ste wEHE GHGY %2 04 ton CO: eq./yr
ZH  default valueol] .93+ wl==FQl 1188 ton CO: eq./yrZ4 0.03%°l
st Aom H7AHJT Aoy A Mo g i@ds 1dT ¢ HAF
ZFe 15 ton COy eq./yr=ZM 1%0] dllFst= slo= 7= At

A g gol A A=S F3te] wlEE = GHGY #2 88 ton CO:» eq./yr
ZH  default valuedl <2J3F wjE=<l 83 ton CO: eq./yr=24 1.068]=

BrEE Ak 2y Adel i e nHd d5 A5 F2 156 ton COz
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