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(Smog)
(Oxidants)
211
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A (A+h\-->-A)
c(@—>B+C)
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02 03

O(F) -024 M —* 03+M

( X<032

03 +hv—> 02+0( D)
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INO+02 —> 2N02
1,000 ppm NO
1 NO 1 ppm
100
NO 03
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NO,+hv. —> NO+0(3)
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NO,+hv > NO+0(3)
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NO, NO
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0+NO, —> NO+0,
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NO,+NO —> 2NO, 0
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4NQ- - 2Hr0 - 0-  —>  4HNO-

NO-+H0 * 2HN03+ NO
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HNO3
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NO, N02 03
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Coneentration, parts per milion

(0.015 ppm)
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OH OH

RCHO+hv —> R+HCO

HCO (02
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2.15

I)
(Photochemical Ozone Creation Potential, POOP)
POCP (CH)
CH4  POCP ' 1,
Andersson-Skold et al. (1992) Heijungs et al. (1992) Andersson-
Skold et al- POCP 3 1) 2}
NO, 0-4 3)
NOX 0-4
Heijungs et al. POCP
3 POCP 21
21 POCP
Andersson-Skold et al. (1992) Heijungs etal. (1992)
. Ordinary . Average for
Maximum . High NO.
Compound difference in basc\ﬁe?éihnd concentration EutPore:an Range
concentration duringog- 4 days during 0 - 4 days Iocat[i)ons
Alkanes
Methane 0.007  0.000--0030
Ethane 0.173 0.126 0.121 0.082  0.020-0.300
Propane 0.604 0.503 0.518 0420  0.160-1.240
n-Butane 0.554 0.467 0.485 0.410 0.150-1.150
[-Butane 0.331 0411 0.389 0.315 0.190-0.590
-Pentane 0.612 0.298 0.387 0.408  0.090-1.050
i-Pentane 0.360 0.314 0.345 0.296  0.120-0.680
n-Hexane 0.784 0.452 0.495 0421 0.100-1.510
2-Methylpentane 0.712 0.529 0.565 0.524  0.190-1.400

3-Methylpentane 0.647 0.409 0.457 0431 0.110-1.250
2.2-Dimethylbutane - - - 0.251 0.120-0.490
2,3-Cimethylbutane - - - 0.384  0.250-0.650
n-Heptane 0.791 0.518 0.592 0529  0.130-1.650

2-Methylhexane 0492  0.110-1.590
3-Methylhexane - - - 0492  0.110-1.570
n-Octane 0.698 0.461 0.544 0493 0.120-1.510
2-Methylheptane 0.691 0.457 0.524 0469  0.120-1.460
n-Nonane 0.633 0.351 0.463 0469  0.100-1.480
2-Methyloctane 0.669 0.454 0.523 0505  0.120-1.470
n-Decane 0.719 0.422 0.509 0.464  0.080-1.560
2-Methyinonane 0.719 0.423 0.496 0.448  0.080-1.530
n-Undecane 0.662 0.386 0476 0436  0.080-1.440

n-Duodecane 0.576 0.311 0.452 0412 0.070-1.380
Average - - - 0.398 0.114-1.173



21 POCP

Comoound

Halogenated hydrocarbons
Methylene chloride
Chloroform (CHCI3)
Methylchloroform
Trichloroethylene
Tetrachloroethylene
Allyl chloride (CH2CHCH2CI)
Average

Alcohols
Methanol
Ethanol
i-Propanol
Butanol
i-Butanol
Butane-2-diol
Average

Aldehydes
Formaldehyde
Acetaldehyde
Propionaldéhyde
Butyraldéhyde
i-Butyraldehyde
Valeraldehyde
Acroleine
Benzaldehyde
Average

Ketones
Acetone
Methyl ethyl ketone
Methyl i-butyi ketone
Average

Esters
Dimethylester
Methyl acrylate
Ethyl acetate
i-Prop/l acetate
n-Butyl acetate
i-Butyl acetate
Average

Maximum
difference in
concentration

0.000
0.007
0.007
0.086
0.014
0.561

0.165
0.446
0.173
0.655
0.388
0.288

0.424
0.532
0.655
0.640
0.583
0.612
1201

0.173
0.388
0.676

0.058
0.295

0.439
0.288

()

Andersson-Skold et al. (1992)

Ordinary
Swedish
background
duringO - 4 days

0.000
0.004
0.002
0111
0.014
0.483

0.213
0.225
0.203
0.214
0.255
0.066

0.261
0.186
0.170
0171
0.300
0321
0.832

0.124
0.178
0.318

0.067
C.294

0.320
0.353

High NOx
concentration
during 0 - 4 days

0.000
0.003
0.001
0.091
0.010
0.667

0.178
0.317
0.188
0.404
0.290
0.216

0.379
0.615
0.652
0.597
0.677
0.686
0.827

0.160
0.346
0.666

0.046
0.286

0.367
0.345

Heijungs et al. (1992)

Average for
tnree
European
locations

0.010

0.001
0.066
0.005

0.021

0.123
0.268

0.196

0421
0.527
0.603
0,568
0.631
0.686

-0.334
0.443

0.178
0.473

0.326

0.025
0.218
0.215
0.323
0.332
0.223

Range

0.000-0.030

0.000-0.010
0.010-0.130
0.000-0.020

0.03-0.048

0.090-0.210
0.040-0.890

0.065-0.550

0.220-0.580
0.330-1.220
0.280-1.600
0.160-1.600
0.380-1.280
0.000-2.680

(-9.82)-(-0.12)
0.079-1.263

0.100-0.270
0.170-0.800

0.135-0.535

0.000-0.070
0.110-0.560
0.140-0.360
0.140-0.910
0.210-0.590
0.120-0.498

26



21 POCP
Compound
Olefins

Ethene

Propene

1-Butene

2-Butene

1-Pentene

2-Pentene

2-Methyl-1-butene
2-Methyl-2-butene
3-Methyi-1-butene
Isobutene
Average

Acetylenes
Acetylene

Aromatics

Benzene
Toluene
0-Xylene

-Xylene
p-Xylene
Ethylbenzene
1,2,3-Trimethylbenzene
1,2,4-Trimethylbenzene
1,3,>-Trimethylbenzene
0-Ethyltoluene

-Ethyltoiuene
p-Ethyltoluene
n-Propylbenzene
i-Propylbenzene
Average

Other
Methylcyclohexane
Isoprene
Dimethylether

Propylene glycole methyl ether
Propylene glycole methyl ether acetate

Carbonmonoxide

Maximum
difference in
concentration

1.000
0.734
0.799
0.784
0.727
0.770
0691
0.935

0.791

0.273

0.317
0.446
0.424
0.583
0.612
0.532
0.698
0.683
0.691
0.597
0.626
0.626
0511
0511

0.403
0.532
0.288
0.770
0.309
0.036

()

Andersson-Skold et al. (1992)

Ordinary
Swedish
hackground
duringO - 4 days

1.000
0.599
0.495
' 0.436
0,424
0.381
0.181
0.453

0.58

0.368

0.402
0.470
0.167
0.474
0.472
0.504
0.292
0.330
0.330
0.408
0401
0.443
0.454
0.523

0.386
0.583
0.343
0491
0.157
0.04

European Environment Agency (EEA), 2001

High NOx
concentration
during 0 - 4 days

1.000
1.060
0.983
1.021
0.833
0.965
0.717
0.784

0.648

0.291

0318
0.565
0.598
0.884
0.796
0.621
0.868
0.938

.989
0.637
0.729
0.682
0531
0.594

0.392
0.768
0.286
0.497
0.143
0.032

Heijungs et al. (1992)
Average for

three Range
European
locations

1.000 1.000

1.030 0.750-1.630
0.959 0.570-1.850
0.992 0.820-1.570
1.059 0.400-2.880
0.930 0.650-1.600
0.777 0.520-1.130
0.779 0.610-1.020
0.895 0.600-1.540
0.634 0.580-0.760
0.906 0.650-1.498
0.168 0.100-0.420
0.189 0.110-0.450
0.563 0.410-0.830
0.666 0.410-0.970
0.993 0.780-1.350
0.888 0.630-1.800
0.593 0.350-1.140
1.170 0.760-1.750
1.200 0.860-1.760
1.150 0.740-1.740
0.668 0.310-1.300
0.794 0.410-1.400
0.725 0.360-1.350
0.492 0.250-1.100
0.565 0.350-1.050
0.761 0.481-1.258

21
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2.2

221
ds
?
?
(Clean Air Act) .. 1990
.. 1986 (Emergency Planning And Community Right-To-Know
Act, EPCRA)
? (Emission
Factor And Inventory Group, EFIG)
(Office Of Air Quality Planning And Standards, OAQPS) ?
(.. Environmental Protection Agency, EPA)
? AP-42
(Compilation of Air Pollutant Emission Factors)
AP-42
?
(

30
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AP-42
A1 Bl Cl ! El

E = AXEFX(l- ER/00

E (Emission)

A (Activity)

EF (Emission Factor)

ER (Emission Reduction) %

”ERH



2.2.2

47,699
2542
2541 2.4
2542
126.6
2542
2541 19.7
2542
2541
2542

2541 51

.. 2542

2542
2541 44

26,873
56.3

1117
2541 26.6 24

3876
8.1

6,941
13 14.6

8,892
18.6

32



2.2

FINAL ENERGY CONSUMPTION BY SOURCES

SOURCES 1990

MODERN ENERGY

COAL 1.344
- ANTHRACITE 10
- BITUMINOUS -
- COKE 60
- LIGNITE 1,126
- OTHER COAL 148

PETROLEUM PRODUCTS 16,809

- LPG 1,08
- PREMIUM GASOLINE 1,304
- ULG

- ULG 87

- ULG 91 -
- ULG 95

- REGULAR GASOLINE 1,442
- ULR

JET FUEL 1931
- KEROSENE 101
- HSD 8,213
- LSD 101
-FUELOIL 2,619
- NATURAL GAS 264
HECTRICITY 3,267
RENEWABLE ENERGY 8,958
FUEL WOOD 3,426
CHARCOAI 3,253
PADDY HUSK 564
BAGASSE 1,715
TOTAL

1991

1,559
14
56

1,228

261

1992

1,713 2,524

14

48
1358
293

1993

1994

3,106
16 5

- 884
54 72
1,852 2,144

602

17,581 19,062 21,115 23,352

1,134
1,205
204

1,495

2,083
92
8,413
121
2,784
360
3,698
9,350
3,479
3,484
419
1,968

1,321
1,273
384

1,576

2,182
93
8,741
1317
3,355
441
4,201
9,818
3,422
3.310
583
2,503

1,428 1,543

1,396 1,447

656 1,100

1,454 1

158 1,541
2,334 2,545
89 95
9,934 10,866
173 190
3,493 3,948
492 588
4.795 5,326
8,692 8,430
3,259 3.176
3,007 2,795
566 498

1,860 1,961

1995 1996
3,658 4,443

10 38
1431 2292
65 82
2,143 1,981

9 50

unit : ktoe

1997 1998

3,970 3,237
9 2

1,888 813

54 52
1,948 2,247

71 102

26,444 28,414 29,012 26,243

1,697 1,936
964

2,081 3,608

1, 43 1547

2,594 2,707
83 31
12,629 14,063

168 139
4,585 4333
787 940
6,069 6,592
8,771 8,861
2,945 2,872
2512 2,297
629 684

2,685 3,008

1,916 1,770

4,010
- 28
1,611
3.702

1,470
2,896 2,709
70 45
14,370 12,816
127 102
4,153 3,460
951 882
7,024 6.854
9,173 8,458
3,200 3,188
2,273 2,254
723 778

2,977 2,238

Department of Energy Development and Promation [DEDP], 2000

1999

21.684 23,198 25,417 28,926 32,372 36.958 40,389 40,957 37,216 33,807

3,876
85
1,313
54
2,138
286
26,873
1,911

38
1,705

3,490

2,696
42
12,952
116
3,923
1,117
6,941
8,892
3,279
2,218
719

2,676

30,642 32,548 35,235 37,618 40,80245,729 49,250 50,13045674 47,699

33



( 23 )

2542 ? 2,160
2541 149 45
99.4
2542 68
2541 1125 0.2
2542 16,129
2541 121 33.8
25.3

246241191 69

2542 231
2541 106 0.5
(
2542 10,114
2541 14 21.2
475

38.0 145



2542
2541

5.1
40

2.3
FINAL ENER

SECTORS 1990
AGRICULTURE 1,785
5.8
MINING 58
0.2

MANUFACTURING 8,541

27.8
CONSTRUCTION 147
0.5
RES. AND COM. 8,725
28.5

18,991
0.7 398
21.1 14.2
0.6
(NGV) '
GY CONSUMPTION BY ECONOMIC SECTORS
unit ; ktoe

%

1991 ~ 1992 1993 1994 1995 1996 1997 1998 1999
1827 1897 1,618 1581 1581 1,786 1,493 1880 2,160
5.6 5.4 4.3 3.9 3.4 3.6 3 4.1 4.5
53 42 42 35 28 43 45 32 68
0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2
9,300 10,889 11,530 13,234 15740 17,469 16,732 14,388 16,129
286 309 309 324 344 355 334 315 338
194 220 182 333 273 315 369 265 237
0.6 0.6 05 0.8 0.6 0.6 0.7 0.6 0.5
9,264 9,534 9565 9,283 9.353 9,543 10,092 10,253 10,114
284 271 254 228 205 194 201 224 212

TRANSPORTATION 11,386 11.910 12,652 14,581 16,336 18.754 20,094 21,399 18.856 18,991

37.2
TOTAL 30,642 3
100

DEDP, 2000

36.6 359 3838 40 41 408 427 413 39.8
2.548 35,234 37,618 40,802 45.729 49,250 50,130 45,674 47,699
100 100 100 100 100 100 100 100 100

35



2.2.3

2231

24

318

760

156 103 /.

100

97

2.4

15

%
ASTM - 1267

1406/ .
22", ASTMD 183/
20 ASTM D2163
1ASTM 1838
0.343 ASTM 2784
005 . ASTM - 2158

2523

36



2232

87

91

95

37



1

1.2

2.5

Research Octane Number (RON)

(1)
(2)

Motor Octane Number (MON)

(1)

12 )

(Lead Content, g 1)

(Sulphur Content, % wt)

/

(Phosphorus content, g/l )

)

(Copper Strip Corrosion, number)

( Oxidation Stability, minutes)

00

( Existent Gum. g'100 ml)

8.1

( Distillation)

! . (Temperature °C)

(10% Evaporated)

(2) '

(50°0 Evaporated )

(31

(90% Evaporated)

(4)

1Residue. % vol. )

10

50

90

( End Point)

']

(detergent additive)

86.6

76

75.6

0.013

0.1

0.0013

0.004

70

70

110

170

87

91

90.6

80

79.6

0.013

0.1

0.0013

0.004

70

70

110

MTBE

91

2.5

95

94.6
84
83.6
0.013

0.1

0.0013 |

0.004

70
70

110

170

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

ASTM

D

D

2699

2700

5059

4294

3231

86



87 91 ! 95
9. 37.8 . « ASTM D 4953
(Vapour Pressure g 37.8 C. kPa )
9.1 [N « 62 62 62
(Non-Oxygenate Blends)
9.2 ! ! ! « 62 62 62
(Oxygenate Blends)
10. ! 3.5 3.5 3.5 ASTM D 5580
(Benzene, “avol.)
11. ! « ! ASTM D 5580
(Arom atic. n/OL)
11.1 1 2543 I« 50 50 50
11.2 ' 1 2543 « 35 35 35
12. « (Colour) (1)
12.1 3 (Hue) | ' 1
12.2 ! ! 4 10 -
(Dye Content, mg'l)
12.3 (Intensity) 0.5
« 1
ASTM 1500
(2) ASTM 2392
(3) ASTM 1500
13. « (W ater. %wt‘)
13.1 !, « ! ! ! « -
(Non-Oxygenate Blends)
13.2 I « « o7 I' 0.7 0.7* ASTM E 203
(Oxygenate Blends)
14. ! - - 5.5 ¢ ASTM D 4815
(Oxygenated compounds. %vol‘)
- 11.0° 11.0
15. ! (PortFueIlnjector/lntake Valve v-l X,

Deposit Control. Additive)

16. ! 1 - - X" X1 -

17. (Appearance) ( ' «



40

(Additive)

. 1 4-dialkylamino anthraguinone 13-
benzenediol ,2,4-bis[(alkylphenyl) azo-] 9:4 (1)

@)
. 2- naphthalenol [(phenylazo) phenyl ] azo alkyl
derivatives  1,3-benzenediol ,2,4-his[(alkylphenyl) azo- | 578
(1) @
3)
. (Methanol Blends or Ethanol
Blends)
(Methanol Blends) 3.0
X
1
115 1 2
.. 2541
2.2.3.3
2.6 8

(-1, Ip-8)



2.6

L ' ' 0.84 ASTM D 1298
5.6/15.6 . (Specific Gravity at
15.6/15.6 ¢)
2. (Smoke Point, mm.) 22 . ASTM D 1322
3, 1" 38 ASTM D 56

(Flash Point, Tag
Closed Tester, ¢)
4 0.20 ASTM D 1266
I* " (Sulphur Content,
% wt.)
5. ASTM D 130
50 ', 1
3 (Copper strip
Corrosion at 50 °c, 3 hrs)

6. (Distillation) ASTM D 86
205"
(10%
evaporation, ¢)
(End Point, °c) 300° .
. (Co lour)
(1) hedad
(blue)
dialkylamino :
Anthraquinone 2
(Dye Content)
ASTM D
1500
2) (2) ASTM D 2392

107 229 15 2533



42

2234
2 ( )
( )
21 28
(Lubricity)
2.1
L 15.6/15.6“ . 0.920 ASTM 1298
(Specific Gravity at 15.6/15.6 °C)
2. (Calculated Cetane Index) 1 45 ASTM D 976
(Cetane Number) ASTM D613
3. (Kinematic Viscosity, ¢St) 8.0 * ASTM D445
40 “ . (at 40 °C)
50" (at 50 ‘C) 6.0 '
4, (Pour Point, °C) 16", ASTM 97
5, 15  ASTM 129
(Sulphur Content, % t)
6. 0.3 ASTM D 2709
(Water and Sediment, %vol.)
(Ash, %wt) 0.02 ASTM 482
' 52", ASTM 93
(Flash Point, Pensky-Martens Closed Tester,1C)
9. 45 ASTM 1500
(Colour, ASTM) 15
; b
97 59 15

2523



2.8

5.6/15.6"
(Specific Gravity at 15.6/15.6 C)

(Cetane Number)
(Calculated Cetane Index)

40

(Viscosity at 40 C, cSt)

" (Pour Paint, " C)

(Sulphur Content, %at.)

10,
1

2
13

14

(Copper Strip Corrosion, number)

(Carbon Residue, %at.)

(Water and Seciment, %vol.)

(A, Yont)

(Flash Paint, : c)

(Distiiation)

]

(90% recovered, C)

(Color)

11

* (Detergent Adulitive)

(Lubricity by HARR, Jim)

19

2541

081
0.7

47

4

18
41

10
0.05

0.05

0.05

001
1 %2

307

40

460

ASTM D 1298

ASTM D613
ASTM 976
ASTM D445

ASTM 97

ASTM D 2622

ASTMD 130

ASTM D 189

ASTM 2709

ASTM D482
ASTM 93

ASTM D86

ASTM D 1500

CEC F- 06-A-%

115

43



2235

Bunker Ol
5
2.9
2.9
1 2 3 4
T SOM 15615611 0% 0 0B 0B 05
( edoCGYat156156.Q
» ! !
(Kremsfeifeocsy. es)
? 7 7 7 7
a B 20 X0
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224

211
211

Vi (CO)

11 100

effect)

25 .. 2538

— = OO0 -

24

24

24

2.12

30 ppm. (342 | . )
9ppm. (1026 / .)
0.17 ppm. (032 ./ . )
0.10 ppm. (020 ./ . )
0.04 ppm. (0.20 J . )
0.12 ppm.(0.30 /[ .)
0.3 ppm.(780 ./ .)

15 /.
012 [ .
005 /.
033 [ .
010 ./ .
24 )
(acute effect)
1)
(chronic
10
. 2535
112 52 .



2.12

0.26
0.76
0.44

0.78
0.82

0.35
0.78

24

0.37

0.11
0.23
0.16

0.26
0.27
0.27
013 0.05
0.30 0.04

0.18
0.30
0.40

0.40
0.20
0.40
0.32

, 2542

24

02

- 010

0.08

0.12

0.10
0.20

- 0.80

0.15

C0

40.0

40.0
343

22.9
150
30.0
30.0
34.2

10.0

22.8

6.0
114
15.0

6.0

10.0
103

Cg

0.24

0.12
0.12
0.24

0.10

0.15
0.20

0.10

0.10

24

TSP

033 0.10

PM,0 Pb
24 1 24
015 0.05
0.10
2.00
- 2.00
- 0.50
012 0.05 - 1.50
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2.13

94/12/EC
96/69/EC
1,250
1,250
94/12/EC
Direct Injection
96/69/EC
1,250
1,250
Direct Injection
95/542(A)IEEC (EURO 1

95/542(B)IEEC (EURO 2)

1440-2540
1870-2542

1435-2540

1875-2542

1290-2538
1295-2541

114

114

112
112

90

90

"
1

1

11

26
26

2540

2540

2538
2538

1

—

30

30
12
23

2542

2542*

2543*

2542
2544

2542*
2543*
2544*
2541
2543



213 ()

e . ( )
3 HC 5.1 . .1360-2539 113 25 26 2539
4 CO 45 | . .1650-2541 116 57 20 2542 110
HC + NOx 3.
15% 125
2 150
5 . 2 110
60] 35 1 .
HC+ NOx 2 .
. 2 6/
(60] 35 1 .
HC + NOx 18 / .
15%
‘ | : J

D , 2542

2540
2542*

2543*
2544*

2546

2541



2.14
4.50% CO HC
HCZ 10,000 ppm. NDIR (Non-Dispersive
Infrared)
1 30% <| (4 o XF 0( '8 4
3
, , 2542
2.15
1 CO 450% CO HC
2536 NDIR
1 HC 600 ppm.  (Non-Dispersive Infrared)
2536
, , 2542
2.16
50%
45%
40%
60

, , 2042

ol



2.2.6

(

221)

(

(

(

(

217)

218)

219)

2.20)

52



2.17

( ) USERA Method 6,8 /
500 1 320 320 20
300 - 500 450 450 20
1300 640 640 20
( ) 350 180 120 USEPA Method 7/
( ) 120 120 60 USEPA Method 5/
1) 30
2) (Reference Condition) 25
1 (Excess Alir) 50
1

, , 2942

2539
760
(Oxygen)
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2.18
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«
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8

10

320°

54

= AX+BY+CZ

(Heat Input)
(Heat Input)
(Heat Input)

30 120m

240 120°

30
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2.18

10
4 il
( ) o, Ve
60 2
60 2
60 175
60 2
700 4
10 2
60 2
(1) i 2543
2) 1 2543
)
Condition) 25
1 ?
(Excess Alr) 50
@)
! ».LQT
+Q,
( )
( )
12,3...

, , 2542

760

60
320

240

(Reference

?
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2.19
1
1-50 50
400 120 USEPA Method 5
)
. 30 30 USEPA Method 6,8
)
250 180 USEPA Method 7
( )
(%) 20 10 USEPA Method 9
( ) 13 25 USEPA Method 26
2 30 30 USEPA Method 23
)
1) (Reference
Condition) 25 760
17
(Excess Alr) 50 1
2) (Dioxin) Total Chlorinated PCDD plus PCDF

PCDD = Polychlorinated Dibenzo-p-Dioxins
PCDF =Polychlorinated Dibenzofurans
, , 2542
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14,
15.
16.

2.20

Fuel Oil Combustion

, 2542

25

300
400
400

300

400

20

20

30

30

30

200

3
1000(870 ppm)

100 (25 ppm)

140 (100 ppm)
1300 (500 ppm)

940 (500 ppm)

470 (250 ppm)

870 (200 ppm)
22 (5 ppm)
1,250 ppm.

5/



2.21

L (502 (ppm)  US.EPA method 6: (Determination of Sulfur Dioxide Emissions From stationary
Sources) ' .EPAmethod 8: [ (Determination of Sulfuric Acid Mist
And Sulfur Dioxice Emissions From Stationary Sources) (United States Environmental Protection Agency)
2. Jl US.EPA method 7: (Determination of Nitrogen Oxide Emissions From Stationary Sources)
(NOxas NOj) (ppm)
3. (HCI) US.EPA method 26: 1 I (Determination of Hydrogen Chloride Emissions From Stationary
Sources)
4, (Dioxinas ~ US.EPA method 23: ' (Determination of Polychlorinated Dibenzo-p-Dioxins and
Total Chlorinated PCDD plus PCDF) ~ Polychlorinated Dibenzofurans From Stationary Sources)
( )
5 (Total Suspended US.EPA method 5: A (Determination of Particulate Emissions From Stationary Sources)
Particulate) ( /. )
6. (Opacity) () Ringlemann's Method
Smoke Opacity Meter
1 760 25
(Dry Basis) (Excess Air) 50
!

;o , 2542



2.2.1 (
? , 2542
L (Paint)
(vehicle)
?
(hiding power)
(drying oil)
2, (Varnish)

3. (Lacquer)

(solvent)

(pigment)

(hinder)
(adaitives)

59



22.11

22.1.2

(Oxidize)

(Phthalocyanines)

(Polymerize)

, Drying Qil (
)l

60



Dammar (

), Copal (
), (Rosin)
(Turpentine)
3-4 ?
Alkyd (
Dicarboxylic Anhydrides Polyfunctional ~ Alcohols
Polyurethane, Phenolic, Vinyl, Epoxy Resin
Leo Baekeland Phenolic Resins
( ) 1
30 40 Phenolics Alkyds
Alkyds

dibasic acid Maleric Phthalic acid

Alkyd Resin

Glycerol),

Bakélite

Phenolics
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228
(2536) ?
2532
(SPM), (NOY, (HC)
(CO) 603,528,972 958
(102 54,0 02
SPM 02 314 285
SPM, NOX HC
co 237, 227,81 574
948, 66.3,
978 981
? SPM
217 SPM
974 SPM 02
413 02
02 99.2

02



63

Air Emission Database of Vehicles
and Industry in Bangkok Metropolitan Region 1992 (September 1994)

5018 (24,040 /), 5812 (145300 /)
5088 (6,780 /) 7392 (12,000 /)

4740 (22710 1) 4176 (104400 /)

5495 (982 /)
B4 (4682 1)

03-034 Y, 2543) ?
.. 2540 2545 2.22
? 2540 329,161
.. 2545 305,640 ? .. 2540
240,016 .. 2545 211,009
.. 2540 463,775 .. 2545 501,233
.. 2540 38,192 .. 2545 36,703
.. 2540 26,036 .. 2545
25,820 ? .. 2540 232,973
.. 2545 212,610 ?

.. 2540 177,310 .. 2545 185,653



2.22

.. 2532, 2535, 2537

1997)

Year  Study Area

NO, HC (0]

1989 Bangkok 89,254 225,937 1,201,257
Samutprakarn 19,938 8538 29,076
Nonthaburi 7319 7,776 27,144
Pathumtani 5,653 3,650 10,467
Nakhonprathom 10,994 8,433 23,492
Samutsakhon 4029 2854 7374
BMR 137,187 257,188 1,298,811
Thailand 393,137 592,819 2,091,235
1992 BMR 47907 1,787 13,324
- Power Plant 22,710 260 1,700

- Industry 24,040 480 6,780

- Traffic 381 982 4,682

- Com. &Res. 776 65 162
112,072 15,626 52,092

- Power Plant 18,602 96 1,691
- Industry 37,829 1510 17,049
-Transportation 51,025 13,076 29,212
-Area Sources 4,616 944 4140
Thailand 457,094 122,611

- Power Plant 125,631 6,556

- Industry 73,864 3544
-Transportation 152,356 96,287 382,338

- Area Sources 105243 16,224 72,313

1997 BMR 329,161 259,009 463,775
- Point Source 56,002 2,005 6,266

- Mobile Source 264,648 232,973 349,771

- Area Sources 8,511 24,031 107,738

1994 BMR

15,034
34,914

Emission, ton/year

2540

SOx  SPM
67,520 105,610
59,412 9,897
22977 5,087
12,784 4283
7,190 6,945
8,247 3,501
178,129 135,323
600,935 445,437
249,994 16,233 Pollution
104,400 3,550 Control
145,300 12,000 Department
76 637 [PCD], 1994
218 46
389,203 23,399 PCD, 1996
143,710 3,523
244,138 13500
: 5971
1355 405

504,599 1,195,978 62,113

773,254 11,256
406,918 23,062
R LY
15,805 10,007
240,016 38,191 PCD, 2000
229,859 3,735
9,973 20,602
184 13,855

SOURCE

.. 1989, 1992, 1994,

NOTE

1) BMR
Bangkok
Metropolitan
Region

1tS0,  S0?

2) BMR
Bangkok
Metropolitan
Region

1) SOi
SO-

2) BMR
Bangkok
Metropolitan
Region

1) SPM
PM
2) HC
HC +voc



2.23

Year  Sectors

1993
Transport
Powera
Manufacturing
Res. & Com.
Others «

1994
Transport
Powera
Manufacturing
Res. & Com.
Othersa

1995
Transport
Powera
Manufacturing
Res. & Com.
Others «

1996
Transport
Powera
Manufacturing
Res. & Com.
Othersa

2.23

Energy a
Consumption
Ktoe

46,398
14,581
13,575
9,724
6,687
1831
50,700
16,336
15,224
10,770
6,429
1,941
56,455
18,754
16,795
12,940
6,093
1,873
61,452
20,094
18,794
14517
5914
2,133

0

108,269
35,683
40,977
22,939

3,002
5,668

121278
39,960
45,639
26,419

3,251
6,009

137,246
46,938
49,911
31,009

3,588
5,800

153,492
51,405
56,471
34,950

4,055
6,611

CO

2,897
350
12
109
2,350
76
2,808
405
14
112
2,201
76
2,677
446
23
133
2,001
74
2,586
482
22
151
1,852
79

NOx
103 ton
489
170
104
105
3l
79
528
191
116
115
29
T
587
219
127
137
21
7
638
230
142
153
26
87

CH4

.. 1993 - 1999
.. 1993 - 1999
S02  SPM
57 1265 1
3 90 13
1 900 44
3 249 6
49 4 0
1 22 8
55 1326 76
3 100 14
2 941 48
3 257 6
46 5 0
1 23 8
52 1428 101
4 120 17
2 987 71
3 296 5
12 3 0
1 22 8
50 1410 147
4 69 18
2 104 113
4 215 7
39 5 0
1 19 9

65



Year

1997

1998

1999

2.23

()

Energy «
Consumption
ktoe

Sectors

Transport
Powera
Manufacturing
Res. & Com.
Othersa

Transport
Powerd
Manufacturing
Res. & Com.
Others

Transport
Powera
Manufacturing
Res. &Com.
Others «

Notes:

1/ Emissions are estimated according to " Revised 1996 IPCC Guidelines forGHG

63,963

21,399
20,857
13,789
6,025
1,893

58,724

18,856
19,904
11,761
6,044
2,159

60,886

18,991
20,128
13,046
6,270
2,451

€02

158.201

54,837
61,796
31,669
4,027
5872

143,354

47,982
57,461
27,543
3,678
6,690

147,450

47,649
57,341
30,954
3,899
7,601

co

2,650

507
24
147
1,898
14

2,664

472
25
125
1,961
81

2,132

465
21
134
2,021
85

NOx
103 ton

657

252
156
150
26
13

603

216
150
118
21
92

637

214
153
138

21
105

51

40

52

41

54

.. 1993

502

1,407

73
1,056
259

17
915

63
605
231

15
877

21
616
228

1

1

66

- 1999

SPM

233

20
200

193

17
160

285

17
252

0
10

Inventories ". C02emission excludes emission from international bunker oil and
renewable energy and non C02emission excludes emission from international

bunker o,

2| Energy consumption (excluding electricity) by end-use sectors.
3/ Electricity generations from power sector excludes hydro electric.
4] Others include agriculture, construction, and mining.

, 2543



2.2.9

(Center for Global and Regional Environmental
Research at the University of lowa, CGRER)

.. 2543 2.24 2.25
2.26 2.21

67



2.24 .. 2043
Species: NO. gas NOJ Data: EMISSIONS 2000 Version: 5 Date: 10/09/2001
Industry ~ Domestic ~ Transport  Power Generation Biomass

- Recion Gy, . G0 () G eumngog) e (0
Anhui 4.73 19.49 84.57 75.94 25.33 290.06
Beijing 39.50 14.15 121.19 50.98 1.35 227.21
Fujian 33.95 14.17 83.19 21.40 1021 162.92
Gansu 36.94 14.73 37.49 46.65 4.92 140.73
Guangdong 102.73 19.14 494.77 109.39 19.26 745.29
Guangxi 50.30 18.23 80.65 29.22 19.80 198.20
Gujzhou 36.60 36.21 43.41 42.32 10.02 168.56
Hainan 2.21 145 40.51 571 2.03 52.02
Hebei 146.03 40.04 280.65 137.96 20.79 625.47
Heilongjiang 81.63 32.82 138.35 118.05 7143 442.29
Henan 95.89 39.25 150.08 132.01 34.40 451.63
Hong, Kong 6.61 2.81 74.32 80.85 0.00 164.59
Hubei 127.74 41.67 113.92 119.06 23.95 426.33
Hunan 99.38 39.71 102.26 56.68 25.09 323.12
Jiangsuy 142.95 35.55 211.62 163.35 6.82 560.29
Jiangxi 69.77 21.62 52.54 34.34 31.98 210.25
Jilin 71.35 23.19 76.97 75.73 26.15 273.39
Liaoning 164.38 33.85 259.25 164.38 8.87 630.73
Nei Mongol 33.49 13.62 71.15 128.73 56.44 303.42
Ningxia 1.32 2.73 17.21 38.24 5.92 11.42
Qinghai 6.39 3.08 13.98 1457 4950 87.52
Shaanxi 51.08 17.76 57.61 66.79 9.47 202.71
Shandong 130.65 39.57 384.84 179.86 28.56 763.47
Shanghai 51.84 4.44 181.09 111.83 1.94 351.14
Shanxi 158.89 25.15 99.34 152.05 6.06 441.48
Sichuan 130.12 7091 133.80 128.06 37.15 500.64
Tianjin 3731 10.95 136.54 67.65 1.75 254.20
Xinjlang 20.03 17.68 58.87 15.60 74.59 186.76
Xizang 0.95 0.76 1.42 2.19 5.76 17.09
Yunnan 38.55 26.62 83.72 30.29 23.40 202.58
Zhejian 74.76 20.58 161.28 102.28 12.84 371.74
China Total 2134.15 702.01 3852.59 2502.16 656.36  9847.27
Chu%oku, Shikoku 75.32 18.75 122.22 57.00
Chubu. 77.92 26.81 227.64 50.91
Hokkaido, Tohoku 33.02 34.95 160.04 34.31
Kanto 66.43 38.92 439.24 16.77
Kinki _ 62.90 26.7C 239.65 34.67
Kyushu, Okinawa 42.37 21.55 151.18 69.17
Japan Subtotal 357.96 167.72 1339.97 322.83 10.68  2199.16
North 37.24 6.64 62.16 46.30
Pusan 14.86 26.24 298.44 40.12
Seoul, Inchon 153.42 40.54, 299.66 57.24
South 21.32 6.48 158.34 46.05
Korea, Rep of. Subtotal 226.84 79.9C 818.60 189.71 6.72 132177
Korea, DPR 172.7C 0.22 3367 58.88 3.46 268.93
Mongolia 8.79 3.57 12.78 12.96 158.36 196.46
Taiwan, ROC . 158.53 18.46 218.76 123.04 1.93 520.72
Other East Asia Total 924.82 269.87 2423.7 707.42 181.15  4507.04
Brunei 2.31 0.26 1241 341 0.00 18.47
Cambodia 5.79 3.23 32.89 4.52 62.20 108.63
Indonesia 128.21 134.40 713.33 125.68 364.61  1466.23
Laos 0.32 2.25 0.72 0.02 101.77 105.12
Malaysia 7111 13.70 289.88 44 .88 59.26 478.83
Myanmar 1.87 16.6d 14.63 4.26 162.84 200.28
Philippines 31.60 5.56 422.11 38.27 56.11 55431
Singapore 34.80 0.56 103.37 45.85 0.00 184.60
Thailand 92.55 34.13 667.64 115.38 189.26  1098.96
Vietnam _ 28.65 38.62 95.17 18.47 204.08 384.99
Southeast Asia Total 397.27 249.47 2352.81 400.74 1200.15  4600.44
Bangladesh 23.63 27.58 33.12 19.46 63.09 166.88
Bhutan 0.35 1.28 0.18 0.26 3.23 5.30
India 720.34 584.23 1809.47 870.81 543.76  4528.61
Nepal 1.43 16.08 5.48 0.13 30.47 53.59
Pakistan 72.82 3147 268.80 68.20 60.67 507.96
Sri Lanka _ 7.09 7.09 38.54 6.88 13.27 12.87
Indian Subcontinent Total 825.66 673.73 2155.59 965.74 714.48 533520
Ships 1292.40
Asia Total 4281.90 1895.08  10784.77 4576.06 2752.14  25582.35

Center for Global and Regional Environmental Research at the University of lowa
(CGRER), 2001
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2.25

Species; NMVOC Data: EMISSIONS 2000  Version: 5

REGION

Anhui

Beijing

Fujian

Gansu
Guangdong
Guangxi

Guizhou

Hainan

Hebei
Heilongjiang
Henan

Hong Kong
Hubei

Hunan

Jiangsu

Jiangxi

Jilin—

Liaoning

Nei Mongol
Ningxia

Qinghai

Shaanxi
Shandong
Shanghai

Shanxi

Sichuan

Tianjin

Xinjiang

Xizang

Vunnan

Zhejiang

China Total
Chugoku, Shikoku
Chubu
Hokkaido, Tohoku
Kanto

Kinki .
Kyushu, Okinawa
Japan Subtotal
North

Pusan

Seoul, Inchon
South

Korea, Rep of, Subtotal
Korea! DPR
Mongolia
Taiwan, ROC
Other East Asia Total
Brunei
Cambodia
Indonesia

Laos

Malaysia
Myanmar
Philippines
Singapore
Thalland

Vietnam
Southeast Asia Total
Bangladesh
Bhutan

India

Nepal

Pakistan

Sri Lanka

Indian Subcontinent Total
Ships

Asia Total

CGRER, 2001

Industry
(Gg)

106.53
105.69
85.57
57.41
240.94
76.36
56.14
15.89
176.93
215.93
164.98
50.67
176.52
108.41
250.44
79.67
105.57
254.33
61.10
13.83
9.92
68.66
315.29
192.14
167.67
223.36
78.01
69.57
3.23
67.51
123.48
3721.74
107.35
126.22
56.68
289.96
121.55
65.71
767.48
106.52
38.07
105.30
295.46
545.36
69.38
6.54
263.67
1652.42
38.08
474
825.86
3.00
301.35
73.69
129.73

335
332.76
52.47
1795.17
85.92
0.69
1069.75
7.05
174.58
24.90
1362.90

8532.23

Domestic
(Gg)
201.70
53.16
140.51
98.71
130.17
21557
223.18
16.20
249.32
27443
316.80
30.30
369.24
338.94
347.84
221.53
194,53
278.20
115.84
22.33
15.01
139.39
346.96
30.01
74.83
618.34
39.14
65.27
5.85
238.72
198.42
5610.43
55.66
99.39
72.69
183.01
104.17
68.43
583.36
54.18
20.47
54.99
69.20
198.84
26.47
4.80
77.66
891.13
1.55
56.65
3282.82
22.25
219.49
224.11
615.28
15.6
646.42
536.15
5620.39
317.85
12.03
4366.29
162.81
524.10
87.47
5470.54

17592.50

.. 2543

Date: 10/25/2001

Transport Power Generation Biomass Burning

(Gg)
121.28
228.58
133.03
59.99
829.10
145.36
74.32
110.23
338.04
160.27
227.05
23.61
152.69
165.60
228.56
162.54
100.32
331 27
100.08
21.04
20,84
100.88
411.05
156.00
127.88
221.78
133.55
85.86
9.52
143.20
187.82
5317.30
18.78
8260
59.58
164.79
86.62
57.75
500.13,
26.68
107.94
180.23
66.93
381.78
99.82
11.35
154.87
1147.99
3.47
51.64
1183.44
35.51
162.70
219.11
216.97
30.99
1137.04
296.34
3637.22
77.84
7.85
314181
36.44
434.68
83.17
3781.79

13884.31

(Gg)

[X=}

~o

o~
OO WO OO WOOO IO NOONUIOWUTIR IR IO R WWUIUTONOOONWUTWD OO WUTN R WRERUCIWUOTIO WU O W

o

wFrRr O oFRFF O RO OCOoOWo OO UOIFPFwWRFRFROOo O IO 1T O@MBEWoOUIONRRPNY oo oOw oo P ooorPds—~JoooorIo Aoy

[3a]

197.41

(Gg)
104.18
5.56
43.59
20.27
83.48
89.96
42.8C
8.52
85.35
312.44
141.36
0.00
98.95
103.6C
21.97
131.86
106.83
36.52
187.84
14.94
83.17
39.2C
117.08
7.96
24.98
156.66
7.17
128.01
23.97
143.96
52.8C
2431.0C

44.02

27.59
1432
322.36
9.12
417.41
0.00
192.20
1894.94
612.92
447.68
1%34.1?
0.0
932.28
1034.04
6652.68
337.45
15.24
2212 .41
139.58
209.12
90.87
3004.68

12505.76

Total (Gg)

536.70
394.63
403.61
237.14
1289.13
530.31
398.28
151.23
855.12
967.05
855.43
108.80
801.19
718.51
860.81
597.15
509.80
905.70
468.30
7297
129.31
350.09
1197.28
390.09
401.07
1229 84
259.89
349.09
42.62
594.37
565.36
17171.47

1922.99

1159.26
213.57
345.66
510.34
4151.82
43.16
305.37
7189.53
673.68
1432.35
1671.17
1346.93
80.79
3051.54
1919.58
17714.10
819.42
35.82
10843.67
345.88
1343.63
286.41
13674.84
26.55
52738.77
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Species. CO  Data. EMISSIONS 2000 Version. 3 Date: 10/09/2001

Industry Domestic Domestic Fossil Transport 3iomass Burning

REGION e 2 Biofueis (G q) Fuels (G g) (Gg) (G9) Total ()
Anhui 438.57 1348.19 154.22 688.69 608.02 3237.69
Beijing 766.75 123.36 295.53 1502.69 3240 2720.73
Fujian 105.4C 944.55 85.29 554.47 243.21  1932.92
Gansu 145.14 574.44 216.70 423.47 118.15 1477.90
Guangdong 232.03 681.38 218.91 3455.02 484.69 5072.02
Guangxi 158.77 1544.82 55.21 718.05 518.42 2995.26
Guizhou 114.73 1313.22 635.94 402.29 238.58 2704.76
Hainan 2.15 86.78 5.52 305.35 49.71 450.11
Hebei 1127.86 1454.91 646.75 1981.53 499.30 5710.34
Heilongjiang 122.03 1849.99 314.50 875.44 1638.05 4800.01
Henan 363.73 2046.56 450.54 1201.84 825.88 4888.56
Hong Kong 0.00 1.59 0.36 124.16 0.00 126.10
Hubei 760.70 2451.04 434.54 946.93 574,25 5167.46
Hunan 263.58 2226.66 517.04 843.47 601.93 4452.68
Jiangsu 370.58 2475.39 251.68 1628.90 163.68 4890.23
Jiangxi 256.40 1515.88 166.81 418.67 767.33  3125.09
Jilin 155.76 1293.99 284.79 567.15 616.46 2918.15
Liaoning 1405.40 1776.34 462.47 1998.86 212.99 5856.06
Nei Mongol 371.75 734.11 165.44 560.74 1029.67 2861.72
Ningxia 10.64 139.32 35.27 130.08 -92.57 407.88
Qinghai 17.11 79.30 64.50 142.25 551.44 854.60
Shaanxi 119.39 861.63 211.19 635.99 227.03  2055.23
Shandong 528.00 2392.75 334.77 2199.67 685.89 6141.08
Shanghai 1218.96 66.61 102.00 964.07 46.65 2398.29
Shanxi 1080.20 179.24 326.70 77351 14532 250497
Sichuan 707.46 4277.95 709.30 1447.23 904.56 8046.50
Tianjin 190.91 134.97 220.38 788.33 42.03  1376.62
Xinjiang 71.42 268.83 432.86 741.09 845.14  2359.35
Xizang 0.53 38.65 9.68 70.07 137.98 256.91
Yunnan 197.45 1540.27 287.23 760.90 795.86 3581.70
Zhejiang 168.65 1366.36 121.02 816.76 308.19 2780.99
China Total 11472.65 35789.09 8217.12  28667.66 14005.38 98151.90
Chugoku, Shikoku
Chubu
Hokkaido. Tohoku
Kanto
Kinki
Kyushu, Okinawa
Japan Subtotal 1438.00 0.00 33.00 2731.83 256.29 4459.12
North
Pusan
Seoul, Inchon
South
Korea, Rep , Subtotal 41.66 0.00 22.13 1207.86 161.27  1433.52
Korea, DPR 240.30 1426.34 3.29 753.72 83.08 2506.73
Mongolia 11.92 115.52 3.17 119.19 197952 2229.33
Taiwan, ROC 616.54 26.64 1.48 1096.97 52.26 1793.88
Other East Asia Total 2348.43 1568.50 63.67 5909.57 2532.42 12422.58
Brunei 0.00 6.92 1.47 1.69 0.01 10.09
Cambodia 3.48 483.54 1.48 46.64 113751  1672.64
Indonesia 186.56 10521.33 215.91 2426.80 10567.81 23918.40
Laos 0.00 163.56 0.19 23.34 3364.61 3551.70
Malaysia 18.56 425.04 22.57 1035.52 2420.03  3921.72
Myanmar 29.41 1666.23 0.79 441.70 6266.99 8405.11
Philippines 79.35 1212.97 27.19 265.30 2099.55 3684.36
Singapore 0.00 0.00 0.02 85.55 0.00 85.58
Thailand 235.50 1482.43 18.32 2241.79 5227.29 9205.33
Vietnam 24.44 431471 63.70 1127.62 5781.26 11311.74
Southeast Asia Total 577.29 20276.72 351.64 7695.95 36865.06 65766.67
Bangladesh 90.77 2672.38 27.19 94.63 1899.12 4784.09
Bhutan 0.02 90.31 0.27 2.88 75.26 168.74
India 1850.00 28988.60 153.85 10396.60 12258.30 53647.35
Nepal 1.44 1235.81 21.74 65.15 714.48  2038.62
Pakistan 72.11 4099.28 93.08 861.41 1229.23  6355.11
Sri Lanka 7.06 609.79 9.50 210.26 496.25 1332.88
Indian Subcontinent Trtal 2021.42 37696.16 305.63 11630.93 16672.65 68326.79
Ships 117.49
Asia Total 16419.8C 9533047 8938.06 53904.1C 70075.5C 244785.43

: CGRER, 2001
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Species: CO,
Industry
REGION Coal
(Tg)

Anhui 38.18
Beijing 21.24
Fujian 11.50
Gansu 13.17
Guangdong 27.70
Guangxi 15.67
Guizhou 13.29
Hainan 0.57
Hebei 75.75
Heilongjiang 22.22
Henan 40.19
Hong Kong 0.00
Hubei 52.89
Hunan 29.10
Jiangsu 49.28
Jiangxi 14.43
Jilin 26.03
Liaoning 65.77
Nei Mongol 11.60
Ningxia 3.49
Qinghai 2.47
Shaanxi 24.25
Shandong 43.16
Shanghai 25.15
Shanxi 78.37
Sichuan 59.73
Tianjin 12.68
Xinjiang 3.88
Xizang 0.37
Yunnan 23.28
Zhejiang 24.06
China Total 829.46
Chugoku. Shikoku 56.53
Ghubu 471
Hokkaido. Tohoku 8.80
Kanto 13.24
Kinki 18.69
Kyushu, Okinawa 7.05
Japan Subtotal 109.021
North 25.89
Pusan 6.62
Seoul, Inchon 0.25
South 14.10
Korea, Rep of, Subtotal 46.86
Korea, DPR 71.21
Mongolia 13.78
Taiwan, ROC 30.03
Other East Asia Total 270.90
Brunei 30.03
Cambodia 1.70
Indonesia 4.12
Laos 0.00
Malaysia 2.51
Myanmar 0.00
Philippines 2.84
Singapore 0.00
Thailand 14.93
Vietnam 5.77
Southeast Asia Total 61.89
Bangladesh 0.41
Bhutan 0.01
India 210.95
Nepal 0.42
Pakistan 9.06
Sri Lanka 0.00
Indian Subcont. Total 220.85
Ships
Asia Total 1383.10

CGRER, 2001

Data: EMISSIONS 2000

Version:

Domestic Transport
Coal (Tg) Coal (Tg)

3.70
6.04
1.69
5.49
3.52
0.68
14.33
0.03
15.67
5.97
10.81
0.00
8.99
10.25
5.34
3.41
5.64
9.15
3.66
0.79
1.28
5.29
7.75
2.09
8.08
15.10
4.20
8.70
0.19
5.22
2.07
175.12
0.23
0.26
0.27
0.29
0.26
0.25
1.56
0.00
0.00
0.00
0.00
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0.00
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0.03
0.00
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0.00
0.62
0.54
5.57
0.44
093
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1 Date: 1/18/2

Power
Coal
(Tg)
26.32
13.48
9.31
14.18
34.36
9.86
21.22
1.68
54.54
45.04
52.06
24.50
46.79
20.10
64.50
1421
29 46
57.96
63.91
8.98
2.34
20.39
68.48
29.80
48.92
40.87
13.01
2.48
0.35
8.96
29.06
877.12
26.07
24.23
18.52
25.99
12.01
53.07
159.91
20.03
11.04]
17.61
18.78
67 47
35.
18.21
41.78
322.86
41,78
1. 5,
32.22
0.
3.15
0.00
13.22
0.00
27.79
5.46
124.66
1.30
0
399.69
0.00
8.26
0.
424

25.40 1733.89

Biomass
Burning
(Tg)
9.99
0.53
3.89
1.94
7.92
8.41
3.81
0.82
8.21
25.44
13.58
0.00
9.40
9.86
2.69
12.59
10.12
3.50
18.13
1.87
13 47
3rmll
11.29
0.77
2.38
14.77
0.69
20.44
2.25
12.42
5.06
239.97

4

2.65
1.36
4421
0.84
53.27
0.00
22.16
175.17
54.22
36.92
96.88
32371
0.00
87.82
96.43
601.97
30.15
1.1
199.28
10.80
21.62
7.65
270

1165.82 2132.53 657.12 2653.60

2
Biofuel
Comb.
(Tg)
25.79
2.32
22.21
11.48
19.92
40.69
26.09
2.54
27.83
34.2¢
39.15
0.21
49.84
50.26
45.90
48.62
23.92
32.84
14.06
2.67
1.65
17.21
43.73
1.32
3.41
83.01
2.35
5.61
0.81
33.41
30.66
743.72
3.5C
3.47
6.97
4.47
4.78
4.37
27.55
1.18
0.25
0.82
1.91
4.16
29.68
3.98
0.52
65.89
0.67
8.3C
173.68
3.23
13.53
39.35
40.41
10.33
79.90
82.74
452.15
622y
1.79
682.62!
24.78
85.02
14.35
870.77

2543

D. Streets and K. Yarber, ANL)
Gas oil Cement

Comb. Comb. Product Total (Tg)
(Tg)  (Ty) (To)
4.05 1191 8.04 128.21
4.05 28.67 3.02 79.63
0.62 1056 6.88 66.66
0.89 9.5C 2.66 59.49
2,31 76.86 2113 193.74
0.13 11.14 7.7 95.69
0.18 4.07 2.68 85.69
0.00 3.62 1.09 10.35
6.91  30.60 1557  235.92
723 29.25 3.21 174.14
499 2023 1432 195.79
181 11.19 0.58 38.30
037 3225 8.32  209.49
0.24 14.75 8.57 14371
196 37.28 16.49  229.02
0.15 6.90 495 10571
1.92 14.91 2.48 115.41
18.18 5459 6.45 25157
0.05 8.12 2.07  126.33
0.25 1.92 0.94 21.96
0.01 2.99 0.44 24.70
071 10.07 3.73 85.67
7.04 6449 2241 269.17
1182  24.13 0.95 96.03
459 1139 538 163.16
24,42 17.29 1427 269.94
2.18 2173 0.97 58.28
0.13 17.1C 0.15 58.65
0.00 0.97 3.02 7.98
0.13  10.83 6.11 100.38
1.48 22.88 1430 129.59

108.78 622.25 208.92 3830.34
42.83  68.85

25.42 148.75

17.90  76.05

57.57 201.21

2941 128.74

29.77  76.37

202 699.98 30.14 1235.25
161 17.17
7.28  56.03

29.32 136.74
3.19  22.72

41,40 232.67 20,72 415.93
3.23 2917 6.40 176.55
5.98  25.3C 0.04 11151
19.36 109.341 0.08 201.95

272.86 1096.46 57.38 2141.19
26.13 111.82 0.15 21059
0.00 2.61 0.04 35.85
76.55 144.8q 9.42  615.96
0.00 1.80 0.00 59.26
24.05  66.15 452 1 .83
3.17 5.78 0.19 14537
0.30 53.75 5.27  148.16
5.62 4021 1.24 57.41
27.14 102.16 12.81  352.55
226 16.87 2.64 213.55

165.22 545.95 36.28 1989.51
17.77 0.00 0.38 112.44
0.13 0.59 0.06 3.69
55.98 320.27 32,77 1902.28
0.00 3.08 0.11 39.29
36.27  57.69 3.39  222.39
0.11 7.33 0.45 29.89

110.25 388.95 37.17 2309.98

51.28

339.75 10322.3C

1



co,

per

23
1,608
4,275

315
482
173
847

329

9
2.28
so, NO,
. tonnes tonnes tonnes
Airport
per per
annum annum annum
City 1 19
Gatwick 1,417 2.626
Heathrow 6.666 5,060
Southampton 1 11
Liverpool 3 36
Bristol 3 1
Manchester 37 899
Birmingham 6 165
Coventry 1 17

NA

33

€02
tones
per

annum
24,914
543,569
1,280,312
70,172
138,283
79,846
475.23
8,381

838

(The London Research Centre)

NMVOC, Benzene,

tonnes
per

annum

613
926
28
33
14
223

46

The London Research Centre, 2000

tonnes
per

annum

12

18

1

0

Movements
per

year

16,945
186,005
438,113

47,726

94,049

54,305
162,620

69,104

6,949

9
2.28
Gatwick
Gatwick
. 1994-1995
Fuel Use,
Annual Annual tones
Arrivals  Departures per
annum
8,505 8,440 2,107
93,296 92,709 97,277
219,147 218,965 322,988
23,974 23,752 2,296
47,454 46,595 4,532
26,885 27,420 5,129
80,900 81,721 63,859
NA NA NA
NA NA NA
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