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Stern(1973) 4 Emission Inventoryz. #_% =
“A listing of the amount of pollutants from all sources entering
the air in a given time period. The boundaries of the area are

fixed.”
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PP 2 Bt e 450
1) Atmospheric modeling (% # B3 H585%)
2) Ambient Monitoring (%3 & & i#])
3) Effects study (82 3:%%)
4) Abatement control strategies ( ¢ #] K& 2 iE 4% )
5) Enforcement (j# 3.2 # 7)
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1) Atmospheric modeling (* # #4c2 #3%):
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3) Effects study(#: 8% ):
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4) Abatement control strategies ( g #] K& 2 5% )
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5) Enforcement (& #2447 ) :
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(1)List the types of sources for the area.
e R AR E o (FUE s £35)
(2)Determine the type of air pollutant emissions from each of the listed sources.
4o #4 & kg £ 3% 4 particle ~ SOx ~ NOx ~ CO ~ HC..
(3)Find emission factors for each of the pollutants from literature.
#2 th 8 (emission factor) 3 #2cp &0 rEid2 M4 2 - 4 Kk 52 2 WEPAZ AP-42 &
SCCELP o if & KAFS Epre (T o2 2 FRIFAH > 7 LbpbiP i 4 W2 bl o
(4)Determine the number and size of specific sources in the area
E R R 2 AT o Ao TP A TH LD E Lo
(5)Calculate the emission quantity of each source and pollutant.
FAERREZFEENG 10

% o B =4 Bliocs B 5 A x (1—H2#es )
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T AL - R PP A AY APFTEFIEEBSLREA L
® = ii (transportation)

® 7 = ¥ &k (fuel combustion in stationary sources )

® 1 % @42 (industrial processes )

® s 1 ¥ (solid waste disposal )

® v (‘miscellaneous)
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Source Emissions, 10° tons/yr Percent of total
Transportation 1.2 4.3
Motor vehicles 0.8 2.8
Gasoline 0.5 1.8
Diesel 0.3 1.0
Aircraft Ne N AT P 42 % ]
50'””'“0'5 8-12 g-: (Nationwide Emissions of Particulates in
essels . . -
Nonhighway use of motor fuels 0.1 0.4 1968 in the USA)
Fuel combustion in stationary sources 8.9 314
Coal 8.2 29.0
Fuel oil 0.3 1.0
Natural gas 0.2 0.7 (From: Stern, 1973)
Wood 0.2 0.7
Industrial processes 7.5 26.5
Solid waste disposal 1.1 3.9
Miscellaneous 9.6 33.9
Forest fires 6.7 23.7
Structural fires 0.1 0.5 .
Coal refuse burning 0.4 1.4
Agricultural burning 2.4 8.4 aN=Neglible.

Total 28.3 100.0
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AR P &k o
® LA ALITARNEPR I L LBdY 4
> 4o RWT78E 2 & sk (PM10 or TSP ? 4% thy B A & 5 ) %\%%
ZFAw A A RAFLH A80EFFEE PR FAPE RTINS
PM10£t 2z & & 2.55.699 -
» X 4rSOxz_ ic§ A A R78F B2 & 57079279 /& > @ 3|7 80#
FFE 55829930 & iz ¢ AT8E B H RSO, AP F 2 85%
% (X605 @ &) > 7|7 80FPFF > HT 5 4R & B F 23T
95% ( ¥)557 >R/ & )
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RTBE S B LA RFREAERG

H > : #g/&E (%)

o

FF0F | RECER | -F R | REs | AF
wepluens (272,821(37.05)| 10.027(1.10) | 27.803(1.39) | 176,748(13.28) | 460,135(65.0)
SRR | 1 % | 30,568(4.15) | 46,825(5.13) | 183,759(9.22) | 416,444(31.28) | 141,083(19.93)
2 1E5 376,196(51.08)|508,036(55.69) |1,261,819(63.28)| 63,337(4.76) | 104,284(14.73)
B 5 b ka2 56,846(7.72) |104,375(11.44) | 520,635(26.11) | 162,834(12.19) | 2,424(0.34)
i B 3% _ _ _ 397,982(29.89) ]
Y1z ] _ _ 114,548(8.60) ]
RE EAS T : 208801(22.89) : : :
A - 34151(3.74) - -
L
2k 736,432(100.0)|912,214(100.0)|1,994,016(100.0)|1,331,393(100.0)| 707,927(100.0)




569,456(100.)

582,993(100.)

4-3 3z P 2 i: &
= — — ——
NHB0E SHH RLF AR R R ERR > #f/E (%)
PM10 SOx NOX NMHC (:x) CO Pb
7 |1 % |2 | 23388(41) | 450,425(77.3) | 172,722(28.8) | 2,669(0.3) | 16,148(0.7) | 0.009(15)
z #72 | 88,304(15.5) | 79,946(13.7) | 53,701(9.0) | 86,382(10.4) | 44,100(1.9) |0.075(13.1)
= @dc | 16,974(3.0) : : 123,034(14.8) : -
R
5L % | 5163(09) | 19,648(34) | 4.312(0.7) |147,973(17.8) : :
T& -3 & | 316,533(55.6) : : 46,155(5.6) : :
A 56,504(9.9) 1,260(0.2) 6,926(1.2) | 43,937(5.3) | 261,201(11.5) | 0.001(0.2)
%5 AR | 62500(1L.0) | 31,714(5.4) | 361,298(60.3) | 378,838(45.8) |1,953,349(85.9)| 0.487(85.2)
598,959(100.) | 828,988(100.) |2,274,798(100.)| 0.572(100.)
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)

BlAEA4-1 B R - WeaE Ty Begir g 4 2 COE - (Stern, 1973)

Suppose we wish to determine the amount of carbon monoxide from oll

furnaces, emitted per day, during the heating season, in a small city of
50,000 population.

17



~(1)List the types of sources for the area.

YR E R FER. K (TR A AT

(2)Determine the type of air pollutant emissions from each of the listed sources.
4o#% & kg £ 3% d)particle ~ SOx ~ NOx ~ CO ~ HC... ¥ -
(3)Find emission factors for each of the pollutants from literature.
#2328 (emission factor) 5 #3cp &t rrfdz Még > H - & Kk 5 £ WEPAZ AP-428¢
SCCE L o7& RARe FBpr(T AL L2 FRIFTH > 7o £ Bz P il o
(4)Determine the number and size of specific sources in the area

BRI R EZ AT A A CERCEDE L
=
(5)Calculate the emission quantity of each source and pollutant.

FARERE L FHANG o
7 e B =g i 5s Ax (1— 243 )\ J S
d oSN
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(1)List the types of sources for the area.
» The source Is oll furnaces within the boundary area of the city:.

(2)Determine the type of air pollutant emissions from each of the listed
sources.

» The pollutant of concern is carbon monoxide.
=

. N7
).
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~ (3)FInd emission factors for each of the pollutants from literature.

» Emission factors for carbon monoxide are listed in various ways :
v' 2 pounds per 1000 gallons of fuel oil,
v 50 gm per day per burner,
v 11,9 by volume of exhaust gas, etc.

» For this example use 2 pounds per 1000 gallons of fuel oil.

(4)Determine the number and size of specific sources in the area

» Fuel oll sales figures, obtained from the local dealers association, average )
10,000 gallons per day.

i~ Y )
N e\
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(5)Calculate the emission quantity of each source and pollutant.
BAEAR LT AN

5 R E =P o B s A x (L—#2415 )

2 pounds CO y 10,000 gallons 20 pounds CO
1000 gallons day day

C
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Ol T fc s PP g2 Big HE2 2 21 RAF%HKRplEn @30
'Pf*ﬁl“* 2% fiRst il ®Ap £ 7 i 5509604 1 H 3 i Fld R
(RPN 2ZiPlEFER Ty 4p 2 1000:“’—*4 ) o
® : WEPATEFIRH PSRRI TR EF M FEFTy3RE » FIEE
AP-42 12 2 SCC(Source Classification Code) £t #x % #c3F £
O Xz AP Pl dIp Pz 422 0 PR FiFG  FIM i 203
LRz g Iy @+ DAP-4282SCC2 T o

Mv
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http://www.rootlaw.com.tw/LawContent.aspx?LawID=A040300030003000-1010906
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@ T NBEAER AEIE FAFE D Fren
G ¥ $& 2 HCEMSHicds i3 R 45 ¢
#=B (4-Bl4-1%771 ) 7\:}5 o
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= %{ ] 2 BRUL EAR AT SRR SRRREAE
: 2K
(kg/hr) (ppm) (%) {(ppm)
YhER FHAL 0.534 8.9 15.7 25.2
mg/Nm’ mg/Nm®
- - 53Nm’/mi
BRAainAS : 50kg/hr I /i SOx 1423 R3.01 15.6 230.58
=N — N 3 : H
YPRJITEE © 150Nm”/min NOx 9.392  76.22 15.8 87.95
\ f F 0.148 2.38 15.7 6.74
v me/Nm'® me/Nm'®
BEEAHRR AR B S8R SERREEE \
(kg'hr) (ppm) (%) (ppm) S
Vi
TE 3.79 17595 15 439 88 -’73:
me/™Nm ! me/Nm ! *ﬁ
SOx 222 360.7 15 901.8 S GRGIASE : 20kg/hr
SRR T 93Nm/min
NOx 37.9 B856.8 15 B56.8
F 6.5 301.8 15 754.4 .
me/Nm’ me/Nm’ -TL*E;F% i
- (Bag
- o, ; House
YR, { A > )
,1 :
43 Nm'/min

AR

105Nm’/min

468.7 Nm*/min |

$
i

WA-1F R BB BF TEL W
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24-4 $FSCCRAFTHAELRZ RS F L - P RPIHTEFR I RLR

e ParfE = (kg /hr) SOxHE = (kg /hr) NOxHEK &= (kg /hr) SCC
fadl  sCC  SCC/ tmAimM] SCC  SCC/ fmfmMl SCC  SCC/ fha {HEALAE
H H H
IAERNE (1) 0.072 0.01 0.144 0213 0.068 0.317 0.071 0.008 0.105 3.04-003-01
IAERIE (2) 2.418 0.074 0.547 0.484 0.884 2.074 0.054 3.04-003-01
LT e 0.014 0.415 (29.84 * 13.70 * 0.178 3.168 17.78 1.02-004-01

A 0.009  0.54 * . . 0074 - - 3.04-003-03

e {EE 0.096 0.011  0.111  0.066 0.185 2783 0.32 0.37 1.156 5.02-001-02
KB ECsEE 9762  1.856 0.19 56.285 4524 0.804 53.82 208.8 3.88 1-01-001-01
FAZEFHISZEE  0.575 - - 2.853 0.899 0.315 11.19 0.899 0.08 3-03-009-33

P UUR R PR G AR -
= ~ . 3 7 - N— ) - 55 € = - 2
FHR&R SF BRRL AL EREAE 0 AKEE o 28
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® ZA5R5d 3 BB FF T 2 AP-427 BB & PR 2
P F]+ g2 6 ( e
® ¥ Wy 2 AR pF 0 Jf ‘ife’;,ﬁ iR 2 ] o ke 5
2 Pk tﬁﬁﬁx’ T FHE IR FELEA FATR R o
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http://www.epa.gov/ttn/chief/ap42/ch03/
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TABLE 4-5 Emission factors for criteria po(llutants and gr()eenhouse gases from stationary gas turbines

Emission Factors & - Uncontrolled

Natural Gas-Fired Turbines P Distillate Qil-Fired Turbines
Pollutant

(Ib/MMBtu) Emission Factor (Ib/MMBtu)® Emission Factor

(Fuel Input) Rating (Fuel Input) Rating
CO2f 110 A 157 A
N20O 0.003¢ E ND NA
Lead ND NA 1.4E-05 C
SO2 0.945sh B 1.01sh B
Methane 8.6E-03 C ND NA
VOC 2.1E-03 D 4.1E-04i E
TOCK 1.1E-02 B 4.0E-03' C
PM(condensible) 4.7E-03! C 7.2E-03! C
PM(filterable) 1.9E-03! C 4.3E-03' C
PM(total 6.6E-03'! C 1.2E-02 C


https://www3.epa.gov/ttn/chief/ap42/ch03/final/c03s01.pdf

4-4 #3 % B

2 Factors are derived from units operating at high loads (_ 80 percent load) only. For information on units operating at other loads, consult the background
report for this chapter (Reference 16), available at“www.epa.gov/ttn/chief”. ND = No Data, NA = Not Applicable.

b SCCs for natural gas-fired turbines include 2-01-002-01, 2-02-002-01 & 03, and 2-03-002-02 & 03.

¢ Emission factors based on an average natural gas heating value (HHV) of 1020 Btu/icf at 60 ° F. To convert from (Ib/MMBtu) to (Ib/10 © scf), multiply by
1020. Similarly, these emission factors can be converted to other natural gas heating values.

dSCCs for distillate oil-fired turbines are 2-01-001-01, 2-02-001-01, 2-02-001-03, and 2-03-001-02.

¢ Emission factors based on an average distillate oil heating value of 139 MMBtu/1032 gallons. To convert from (Ib/MMBtu) to (Ib/10 2 gallons), multiply by 139.

FBased on 99.5% conversion of fuel carbon to CO, for natural gas and 99% conversion of fuel carbon to

CO, for distillate oil. CO , (Natural Gas) [Ib/MMBtu] = (0.0036 scf/Btu)(%CON)(C)(D), where %CON= weight percent
conversion of fuel carbon to CO, , C = carbon content of fuel by weight, and D = density of fuel. For natural gas, C is
assumed at 75%, and D is assumed at 4.1 E+04 Ib/10 © scf. For distillate oil, CO , (Distillate Qil) [Ib/MMBtu] = (26.4
gal/MMBtu) (%CON)(C)(D), where C is assumed at 87%, and the D is assumed at 6.9 Ib/gallon.

9 Emission factor is carried over from the previous revision to AP-42 (Supplement B, October 1996) and is based on limited source tests on a single turbine with
water-steam injection (Reference 5).

" All sulfur in the fuel is assumed to be converted to SO ,. S = percent sulfur in fuel. Example, if sulfur content in
the fuel is 3.4 percent, then S = 3.4. If S is not available, use 3.4 E-03 Ib/MMBtu for natural gas turbines, and 3.3 E-02

Ib/MMBtu for distillate oil turbines (the equations are more accurate).
I'\VVOC emissions are assumed equal to the sum of organic emissions.
K Pollutant referenced as THC in the gathered emission tests. It is assumed as TOC, because it is based on EPA Test Method 25A.

I Emission factors are based on combustion turbines using water-steam injection. 31
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g —RIL Ry USEPA 2 AP-42 M =RHE /1 -
1F AP-42 1 7 HERURE T 8 , A-D) -+ TR NEIJRAL
Vet QWi Ertapy

» A =Tests are performed by a sound methodology and are reported in enough detail
for adequate validation.

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

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

» D =Tests are based on a generally unacceptable method, but the method may
provide an order-of-magnitude value for the source.

32


http://www.ehso.com/Air_AP_42.htm
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HEBUR BT EK:

® A = Excellent. Emission factor is developed primarily from A and B rated source test data taken from
many randomly chosen facilities in the industry population. The source category population is
sufficiently specific to minimize variability.

® B = Above average. Emission factor is developed primarily from A or B rated test data from a
moderate number of facilities. Although no specific bias is evident, it is not clear if the facilities tested
represent a random sample of the industry. As with the A rating, the source category population is
sufficiently specific to minimize variability.

® C = Average. Emission factor is developed primarily from A, B, and C rated test data from a
reasonable number of facilities. Although no specific bias is evident, it is not clear if the facilities tested
represent a random sample of the industry. As with the A rating, the source category population is
sufficiently specific to minimize variability.

® D = Below average. Emission factor is developed primarily from A, B and C rated test data from a

small number of facilities, and there may be reason to suspect that these facilities do not represent a
random sample of the industry. There also may be evidence of variability within the source population. 33
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® E = Poor. Factor is developed from C and D rated test data from a very few number of
facilities, and there may be reason to suspect that the facilities tested do not represent a
random sample of the industry. There also may be evidence of variability within the source
category population.

® U =Unrated (Only used in the L&E documents). Emission factor is developed from
source tests which have not been thoroughly evaluated, research papers, modeling data, or
other sources that may lack supporting documentation. The data are not necessarily "poor,
but there is not enough information to rate the factors according to the rating protocol. "U"
ratings are commonly found in L&E (Locating & Estimating) documents and FIRE rather

than in AP 42.

34
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~ @ The Factor Information Retrieval (FIRE) Data System:

v' FIRE Version 6.2 (released April, 1999) is a user-friendly, menu-driven
Windows program.

v FIRE is a database management system containing EPA's recommended emission
estimation factors for criteria and hazardous air pollutants.

v" FIRE includes information about industries and their emitting processes, the
chemicals emitted, and the emission factors themselves.

v FIRE allows easy access to criteria and hazardous air pollutant emission factors
obtained from the Compilation Of Air Pollutant Emission Factors (AP-42), Locating
and Estimating (L&E) series documents, and the retired AFSEF and XATEF
documents. )



1x1,000x (Y /100)=10Y kg

A-4 3 % th i

|48 4-2 Fofe X4 F 7 B2 CO2E 2 (28 Grr 197,52 % % - # p53-64, 1993)
CO 3 ihlie™ 1% 2Ei2ey (FR2TH) BFFH > £ FECOH % Hficde
- .
(1)%%%
B2 @2 EY% > d BT 4§ o
C+0r —>CO

44
COy = I_’} =3.67kgCO~> / kgC

d F3V¥ 5r o kg C¥4EA 4 3.67 kg CO2 -

A 1MT(metric ton)% ¥ % 1x1,000x (Y /100)=10Y kg 2 C -

HIMT% w0 2 4 36.7Y kg2 CO2 » FCO2IL % 2 i i i 36.7Y kg-CO2/MT% >
AR R AR T 50 5 99%

Ip ot PR T R CO23 3% ¥ 5 36.3Y kg-CO2/MT% -
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bob >
(2) %
R i st &
g =J5 ;&Efr R ST T v
ﬁgfb __112 % % 09 ‘ ““""‘/E" '»h}i e} 09532\\‘-‘-@‘//\
v i S g AR

AN
0.953 4 ﬁ%xﬂ.%x 3.67 kg CO, “ 1000 kg K I




4-4 33 t4 3k

(3)% F
CHyp+07 5> Ch +HHO
B2 LNGz 2353 , F)pt & 2eg(MT)2Z LNG#7 2 4 2. CO, & %

10“ 8/
/ MT LNG
g CO, skg/ kg CO,
68 CH x44 mole™ 10 A =2750 MT LNG

/ f:ru;r!e

l

T e awIMT R v % 2R F wEA 4 2,750 kg\COZ » 75 4p ¥ 3+ 1.93 kg-
c:oZ/m3 LNG (@0°C) > @ 7 1‘&%@5‘(%?“ T8 599% > FRtdEE VR
B CO, 2% e #ic 5 2,722.5 Kg-CO,/MT-7 it % #X ;,; .
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PP g2 fERp > RHMGEARE B P DA A RT LG T B
(1) Gross Estimation Inventory (#&f i* )
(2) Rapid Survey Inventory (& # %2 )

(3) Comprehensive Inventory ( % 2f fz 37 )
(4) Time-dependent Inventory (B+ F sc 38 15 72 )
(5) Modal Inventory (3% iTH-; e iz 72)
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(1) Gross Estimation Inventory (£ /¢ )

MR PE&FE T R RERS (w22 AR EDEL) > &2

— B LB RR o T T R B AR e ) s A 2

2

FF > kpFrtiliroe
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(2) Rapid Survey Inventory (- # %)

L /éﬁﬁfﬁié‘]‘ﬁ&’yﬁ# ;l—\‘z)% é] '&E"-?—;? ~ B 'F' _\E’}l‘ -r’\_&a[—il:q‘{ ;J[»’a-.’E". °
foit (7 PE A IS T 4R (4o50~10073 BER ) TER ¥ 3 & R T A S 5N s
Hptag g > @ B W] 2o R P4 5 @ R (area source)

7N

® —ﬁkéﬁtﬁﬁé\iiﬁﬁ ’a‘;—; FE LA - AR ERBAF R AT AR - w AR

>

2 ’H JHAEFGEFEETRERZFH o IR FTE o 145
Tl o P H L LR L E l",—:‘ll—t'—fv > %#f& S HETHRLLE oom AR ZFT
B e PR R A MAeATA M B S T R A

R
B HE LB LR 5 TE R v @i AR o

BERUE I - = I = S I A/ B A CHBER S AERER I EHE \/
BR P RIRE ek % H '“1«’%?0 )
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N/
(3) Comprehensive Inventory ( % &t 7 347 )
@ 'L Eif ¥ 3N FH oY ; , = —
SR R R YR RGEE Z PR E TR o Aok AT FH T E

FrspHra @ P o

B

%

-ﬂu\«

® i

7N

Lo+ 2
= 9

-7 P § 2100 TPY(ton per year)r: t 2

L L BERZ PR o

S

=

BFRRR R AR o
Pz

BB 3 0 BRRATE L TR B

AR E BR 0 @

Z BHhow RS ) 1] [ N 13 !
F T8 FEREL R G s P AR AR F T T b L £ o
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S
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(4) Time-dependent Inventory
AORPREPE S D EE R R TR P

PAEG D Zheom iz F - 2 AN TERT ik
¥ o 7 i b B~EFhr-by-hr » £ §_season-by-season ~ day-by- day\ A g o

it Bdl 28 I% R S F RS T T I

B R TRATEER o BT RO PER B A X ER B -
A A FTrpEEA (0700-0900 ~ 1600-1800) % v =
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(5) Modal Inventory
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AP &P irr A2 A S 4R RE 2zt o T TR E
o =0.JE, |E (2-1)
A ¥

o, - percent allowable error in category i

@ - percent overall error in emissions total (£, )

E, ' total of all emissions for particular pollutant in study area

E : emissions of particular pollutant in the study area for category i

A(2-1)77 d #3435 £ 2 X FRIEF &

0 {Z[E—XJH (2-2)
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GIARA-3 40 5 3P 50 25 L RE AT E 2 1 Fa [ (sten, vol.iil, 1977, p.726)

Using Equation (2-1) and the February 1975 emissions data for the United States, the
allowable error o, may be calculated for hydrocarbon emissions in the United States, given a

total permissible error for the nation, 6 = 10%, as listed in the following tabulation:

E; (tons/year,

Category hydrocarbons) o;( = %)
Fuel combustion 444,000 74 o =4 _\J,‘ET / E
Industrial processing 6,871,000 19 | : '
Incineration 971,000 50
Transportation 13,770,000 13
Other 2,104,000 34

Er 24,160,000
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Following determination of o for each of the five source categories, an error value for each

subcategory could be determined, i.e., within the transportation category: light-duty vehicles,
medium-duty vehicles, and heavy-duty vehicles, using o; from the transportation source category

in the previous determination (13%) as 0. This computation is shown in the following tabulation:

E; (tonsﬁycar,_ + o T = H_\‘/ET IE
Category hydrocarbons) O:( £ %) ' : :
Gisflii:fcs owered light-duty 8,680,000 16 The permissible error (o, ) for each of the
Gasoline powered heavy-duty 1,805,000 36 subcategories has therefore been
vehicles calculated, and can easily be used for
Gasoline powered 620,000 61 determination of priorities of resources for

off-highway vehicles _ _
All other subcategories 2.465.000 31 data collection, selection of numbers of

E7 13,770,000 vehicles to be tested, etc.
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